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ABSTRACT: The Late Triassic fauna of the Lossiemouth Sandstone Formation (LSF) from the Elgin
area, Scotland, has been pivotal in expanding our understanding of Triassic terrestrial tetrapods. Frus-
tratingly, due to their odd preservation, interpretations of the Elgin Triassic specimens have relied on
destructive moulding techniques, which only provide incomplete, and potentially distorted, informa-
tion. Here, we show that micro-computed tomography (μCT) could revitalise the studyof this important
assemblage. We describe a long-neglected specimen that was originally identified as a pseudosuchian
archosaur, Ornithosuchus woodwardi. μCT scans revealed dozens of bones belonging to at least two
taxa: a small-bodied pseudosuchian and a specimen of the procolophonid Leptopleuron lacertinum.
The pseudosuchian skeleton possesses a combination of characters that are unique to the clade Erpeto-
suchidae. As a basis for investigating the phylogenetic relationships of this new specimen, we reviewed
the anatomy, taxonomy and systematics of other erpetosuchid specimens from the LSF (all previously
referred to Erpetosuchus). Unfortunately, due to the differing representation of the skeleton in the avail-
able Erpetosuchus specimens, we cannot determine whether the erpetosuchid specimen we describe here
belongs to Erpetosuchus granti (to which we show it is closely related) or if it represents a distinct new
taxon. Nevertheless, our results shed light on rarely preserved details of erpetosuchid anatomy. Finally,
the unanticipated new information extracted from both previously studied and neglected specimens sug-
gests that fossil remains may be much more widely distributed in the Elgin quarries than previously
recognised, and that the richness of the LSF might have been underestimated.

KEY WORDS: anatomy, Erpetosuchidae, Erpetosuchus granti, Leptopleuron, systematics.

The fossil reptiles of the Upper Triassic Lossiemouth Sandstone
Formation (LSF), from Elgin, Scotland, have been central in
revealing the early evolution of modern groups of terrestrial ver-
tebrates (Benton & Walker 1985, 2002, 2011). Unfortunately,
studying these specimens, most of which were collected in the
19th Century, is exceedingly difficult because of their preserva-
tion as voids (or crumbled bones) in hard sandstone matrix (Ben-
ton & Walker 1985). Historically, the ‘Elgin reptiles’ have been
studied using plaster or latex (Walker 1964; Benton & Walker
1985, 2002; Bennett 2020). These traditional techniques often
permanently damaged the sandstone blocks containing the fossil
and involved deliberate removal of the fragmentary bones to
obtain better casts. Furthermore, each new cast changed the
morphology of delicate features and has led to ongoing debates
about morphology and relationships (Bennett 2020). However,

a small number of specimens collected decades ago were left
unprepared and their capacity for revealing new information
has never been assessed. This unstudied material has the poten-
tial to reveal important new information on the anatomy, ecol-
ogy, relationships and composition of the LSF reptile fauna.

One of these specimens is British Geological Survey (BGS),
Geological Survey Museum (GSM) 91072–81, 91085–6. Walker
(1964) referred to a partial skeleton visible on the surface of this
specimen as a small/juvenile Ornithosuchus based on ‘the pres-
ence of paired dorsal scutes associated with hollow femora’
(Walker 1964, p. 55) and the paired row of osteoderms emerging
from the matrix. BGS GSM 91072–81, 91085–6 did not receive
further attention until Von Baczko & Ezcurra (2016) revised the
taxonomy of Ornithosuchus and mentioned it among the speci-
mens referred to this genus. This referral was presumably done
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followingWalker (1964), because BGSGSM 91072–81, 91085–6
was not amongst the materials that were studied first-hand by the
authors (Von Baczko &Ezcurra 2016, p. 200).Walker (1964) and
Von Baczko & Ezcurra (2016), however, had access to only the
limited portion of the specimen that is exposed on the surfaces
of the blocks, and it has never been clear if other bones were pre-
served inside. Here, we re-study this specimen using micro-
computed tomography (μCT) scanning techniques (Cunning-
ham et al. 2014), which reveal a wealth of new bones inside the
blocks, including at least two skeletons belonging to different
reptiles, neither of which is Ornithosuchus. One of these is an
erpetosuchid, a clade of archosaurs that belongs within the pseu-
dosuchian lineage that also includes extant crocodylians. In add-
ition to providing key new anatomical information on the rare
erpetosuchids, our scans demonstrate that μCT can provide an
unprecedented level of anatomical information on the hitherto
problematic ‘Elgin reptiles’. Along with recent successful com-
puted tomography (CT) scans of the Elgin pseudosuchian Stago-
nolepis (Keeble & Benton 2020), this indicates that previously
used destructive techniques will no longer be necessary to
study these critically important fossils.

To identify the erpetosuchid specimen contained in the BGS
GSM 91072–81, 91085–6 blocks, and conduct an appropriate
comparative study, we first needed to revise the diagnosis of
the co-occurring pseudosuchian archosaur Erpetosuchus granti.
Until recently, E. granti was the only recognised member of the
eponymous family Erpetosuchidae (see Watson 1917; Olsen
et al. 2001; Benton & Walker 2002; Nesbitt & Butler 2013;
Lacerda et al. 2018). However, in the last decade, re-evaluation
of historical specimens as well as new discoveries from the Mid-
dle and Late Triassic of South America and Africa have shown
that several features once thought to be unique to Erpetosuchus
are, in fact, diagnostic of a more speciose erpetosuchid clade
(Nesbitt & Butler 2013; Ezcurra et al. 2017; Lacerda et al.
2018; Nesbitt et al. 2018). Unfortunately, the diagnosis of E.
granti has not been reassessed, and it is unclear how this species
can be diagnosed. This issue was initially noticed by Nesbitt &
Butler (2013), and has become more problematic with the
description of new erpetosuchids, and with our increased under-
standing of pseudosuchian taxonomy and systematics (Maisch
et al. 2013; Ezcurra et al. 2017; Lacerda et al. 2018; Nesbitt
et al. 2018; Müller et al. 2020). Here, we address this problem
by revising the diagnosis ofE. granti based on the available litera-
ture (see Ezcurra et al. 2017; Supplementary material) and newly
obtained μCT data from referred specimens.

Institutional abbreviations. AMNH=American Museum of
Natural History, New York, USA; BGS GSM=British Geo-
logical Survey, Geological Survey Museum, Keyworth, UK;
MCZ=The Louis Agassiz Museum of Comparative Zoology,
Harvard University, Cambridge, Massachusetts, USA;
NHMUK=Natural History Museum, London, UK; NMS=
National Museums Scotland, Edinburgh, UK; NMT=National
Museum of Tanzania, Dar es Salaam, Tanzania; SMNS= Staa-
tliches Museum für Naturkunde Stuttgart, Stuttgart, Germany.

1. Materials and methods

The LSF sandstones are composed of white, yellow to pink well-
rounded, well-sorted (0.2–0.5 mm) grains of quartz and feldspar
with rare clasts of chert and quartzite (Peacock et al. 1968; Ben-
ton & Walker 1985). Frostick et al. (1988) described the LSF
deposits as an intercalated sequence of large-scale, cross-bedded
aeolian dunes and parallel-bedded, bioturbated lake-shore
medium to fine sands. Benton & Walker (1985) recorded that,
at Spynie Quarry, the reptiles were recovered stratigraphically
low in the quarry, from a layer of friable sandstone near the
base of the aeolian dunes, just above a water-laid sands and

silts layer. This layer is reported to sit near the base of the LSF
in all of the quarries in the Elgin area (Gordon 1859; Murchison
1859; Martin 1860; Benton & Walker 1985, fig. 1).

BGS GSM 91072–81, 91085–6 is a collection of 11 small
blocks (from ∼5–15 cm in maximum length) of
yellow-to-mustard-coloured sandstones from Spynie Quarry
(Elgin, Moray), one of many sandstone quarries in the Elgin
area (Figs 1, 2). Theywere ‘purchased byMrHowell (of theGeo-
logical Survey) on 14 March 1893’ (Walker 1964, p. 56). Little
information is available on the state of these blocks at the time
of purchase, but it is implied that the blocks were already sepa-
rated when Walker (1964) studied them. Walker (1964) noted
that several of these pieces fitted together (Figs 1, 2) and were
linked by the ‘peculiar preservation of the matrix’ (Walker
1964, pp. 55–56) confirming that they belonged together. One
of us (DF) verified that the blocks fit together in two groups:
BGS GSM 91080–1, 91085–6 and, on the other side, BGS
GSM 91072–79, 91086 (Figs 1, 2). The fit between these two
groups is less certain; other blocks from this sequence (presum-
ably including blocks with the missing numbers BGS GSM
91083–84) probably linked the two groups originally. Unfortu-
nately, we were unable to locate these additional blocks – it is
likely that they went missing before Walker studied these materi-
als as they were not mentioned in his description (‘GSM 91072–
78, 91081–82, 91085–86’: Walker 1964, p. 55). Some blocks have
been glued together, so it is possible that BGS GSM 91083–84
are currently stuck to others (DF, pers. obs. 2019). It is also pos-
sible that the fit between the two groups of blocks has been ren-
dered imperfect by the mechanical preparation evident from
some of the blocks’ surfaces. Nevertheless, the internal content
of the blocks, as revealed by μCTscanning, corroborates the con-
clusion that they all belong together. Focusing on the two most
complete skeletons preserved within the blocks, we notice that
there is no duplication of bone elements (i.e., no element is repre-
sented more than once) between the two groups and that com-
parable elements (e.g., osteoderms) are identical in size and
morphology in the separate blocks (Fig. 2). Indeed, the pre-
sumed cervical–dorsal vertebrae and distal tail of this individual
is in BGS GSM 91072–79, 91086, whereas the posterior dorsal,
sacral and anterior–middle caudal vertebrae and hindlimbs are
all in BGS GSM 91080–1, 91085. The arch-like orientation of
the dorsal to caudal vertebral series hints at the original relation-
ship of the blocks to one another, as depicted in Figures 1 and 2,
which matches the tentative arrangement based on the broken
sandstone surface.

It is convenient at this point to simplify the nomenclature of
BGS GSM 91072–82, 91085–6. BGS assigned an individual
register number to each sandstone block, but this nomenclature
cannot be used easily herein because the μCTscans show that the
skeletons of at least two individuals of distinct species are embed-
ded within them. The first of these belongs to a pseudosuchian
archosaur – the specimen that is currently referred to Ornithosu-
chus woodwardi (Walker 1964; Von Baczko & Ezcurra 2016) –
and is partially exposed on the surfaces of the blocks; the second
is a previously undocumented partial skeleton of the procolo-
phonid Leptopleuron lacertinum (also known from the LSF
fauna) (Benton & Walker 1985; Säilä 2010). For example, BGS
GSM 91075 contains both cranial material of the archosaur
and the L. lacertinum remains. Thus, for simplicity, we will use
‘BGS GSM Elgin A’ (‘A’ standing for ‘archosaur’) to refer to
the archosaur skeleton in BGS GSM 91072–82, 91085–6,
which is the focus of this manuscript. The second skeleton in
the same blocks will be referred as to ‘BGS GSM Elgin P’ (for
‘procolophonid’), and is separately described along with add-
itional unidentified bones. We use specific BGS register numbers
to reference individual sandstone blocks, in order to specify
where each bone is preserved.
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1.1. μCT scanning methods
BGS GSM 91072–81, 91085–6 (Figs 1, 2) were scanned with the
assistance of Dr Tom G. Davis and Dr Elizabeth Martin-
Silverstone using a Nikon XT H 225 μCT scanner at the Palaeo-
biology Lab of the University of Bristol. To increase resolution
by reducing the field of view, the ten blocks of BGS GSM
91072–81, 91085–6 were scanned separately in six groups (Figs
1D, E, 2; Table 1) (supplemental Table S1). During the scanning,
some of the blocks were held together with rubber bands to
maintain their original association (some bones, such as the
quadrate, are split between blocks). Given the limited dimen-
sions of the samples, this procedure did not significantly affect
the resolution of the scans, which vary from 0.023 to 0.073 mm
(isometric voxel size) depending on the size of each block (see
supplementary Table S1 for individual scan parameters).

Blocks containing a referred specimen of Erpetosuchus granti
(NMS G.1992.37.1) (Figs 3, 4) were scanned for comparative
purposes with the assistance of Dr Alice Macente and SW. The
scanning took place at the μCT facility (Nikon XT H 225
μCT) hosted in the Advanced Materials Research Laboratory
of the Civil and Environmental Engineering Department at the

University of Strathclyde, and shared with the School of Earth
and Geographical Science of the University of Glasgow. The
resolution of these datasets varies from 0.0624 to 0.0678mm
(isometric voxel size) (Table 1) (see supplementary Table S1 for
individual scan parameters).

The CT dataset of Erpetosuchus sp. (AMNH 29300) (Fig. 5)
was acquired by one of the authors (SLB) in Autumn 2012 at
the Microscopy and Imaging Facility at AMNH with the assist-
ance of Morgan Hill (Table 1) (see supplementary Table S1 for
individual scan parameters).

All the μCT datasets were segmented using Mimics 21.0
(https://www.materialise.com/mimics). The three-dimensional
(3D) models and μCT datasets were uploaded to Morphosource
(https://www.morphosource.org/) and can be accessed at [https://
www.morphosource.org/MyProjects/Dashboard/dashboard/
select_project_id/1115], following the recommendations on shar-
ing digital data proposed byDavies et al. (2017). The small size of
the bones in the BGS specimens may raise questions about the
confidence with which we are presenting interpretations of
our data. We were able to segment extremely small structures
thanks to the reduced physical size of the samples (approximately

Figure 1 (A) Map of Great Britain showing the position of the ‘Elgin’ quarries, with a geological map of the Elgin area (Moray, Scotland, UK); (B, C)
field photographs of the Spynie quarries, with white arrows and dashed line indicating the fossiliferous layer identified on one of the active faces of the
quarry; (D) photographs of the articulated blocks comprising BGS GSM 91072–81, 91085–6; (E) schematic representations of the distribution of the
fossil content (each colour corresponds to a different individual) in the sandstone blocks. The geological map was redrawn from Benton & Walker
(1985). Silhouettes from www.phylopic.org. Scale bars = 5 cm (D, E).
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10 × 10 × 4 cm for the largest block), small voxel size and the
strong contrast between the bones/cavities and the sandstone in
the Elgin (BGS and NMS) specimens (supplementary Fig. S1).
This combination made it possible to segment the specimens
with great accuracy and allowed interpretation of details, in
some cases, even without post-processing (e.g., smoothing) the
segmented models. This is important because we were able to
avoid possible post-processing artefacts that could affect our
interpretation of the anatomyand, consequently, the information
coded in the phylogenetic analyses.

1.2. Phylogenetic analysis
To test the phylogenetic relationships of BGS GSM Elgin A, we
updated the dataset of Müller et al. (2020), which incorporates
the most recent iterations made to the original dataset of Ezcurra
(2016), including modifications implemented in Ezcurra et al.
(2017). This dataset was selected because it contains the most
complete sampling of erpetosuchid species. Before conducting
our analysis, we modified the taxon/character matrix by adding
four terminal taxa and updated the scores of two others (see Sup-
plementary material). Specifically, in addition to BGS GSM

Figure 2 Detailed fossil content of BGS GSM 91072–81, 91085–6 based on the digital reconstruction following the μCT scanning and segmentation.
Abbreviations: an = angular; ar = articular; d = dentary; ept = ectopterygoid; f = femur; fi= fibula; fr = frontal; h = humerus; la = lacrimal; lj = lower jaw;
mt =metatarsal; mx =maxilla; na = nasal; os = osteoderm; pmx = premaxilla; pp sq = paroccipital process of the squamosal; pt = pterygoid; pu = pubis;
q = quadrate; r = rib; ra = radius; san = surangular; ti = tibia; ul = ulna; vert = vertebra. In the inset figure, bones are colour-coded to show their dis-
tributions within the original composite block: black for BGS GSM Elgin A; red for BGS GSM Elgin P; blue for indeterminate. Scale bars = 5 cm.

Table 1 μCT specifications and fossil content of BGS GSM 91072–82, 91085–6 blocks, Erpetosuchus granti (NMS G.1992.37.1A-B) and Erpetosuchus
sp. (AMNH 29300). For further μCT details, see supplementary Table S1 and [https://www.morphosource.org/MyProjects/Dashboard/dashboard/
select_project_id/1115].

Specimen number Voxel size [mm] Fossil content

BGS GSM 91081,
91085

0.0836 BGSGSMElgin A: femora, tibia, fibula, metatarsals, sacral and caudal vertebrae and associated series
of osteoderms

BGS GSM 91086,
91073

0.0234 BGS GSM Elgin A: middle-posterior caudal series and associated rows of osteoderms

BGS GSM 91072 0.0390 BGS GSM Elgin A: posterior dorsal osteoderms, ?pubis and associated vertebral fragments
BGS GSM 91075 0.0489 and 0.0248

(close-up)
BGS GSM Elgin A: frontal (l)
BGS GSM Elgin P: anterior snout (dentary, maxilla, premaxilla, teeth), associated skull and vertebral
fragments, ribs

BGS GSM 91077,
91074

0.0618 BGS GSM Elgin A: frontal (r), quadratojugal, surangular, ribs, dorsal vertebral fragments and
associated osteoderms, ?radius

INDET: humerus, radius, ulna, ?lacrimal
BGS GSM 91076,
91078

0.0733 and 0.0369
(close-up)

BGS GSM Elgin A: ?nasal/maxilla, lower jaw fragments, quadrate, ?squamosal, lacrimal, pterygoid,
ectopterygoid

BGS GSM Elgin P: skull roof
INDET: humerus

BGS GSM 91080–2,
91085

N/A N/A

NMS G.1992.37.1A-B 0.0624 (A) and 0.0678
(B)

Erpetosuchus granti: (A) right side of cervical–(anterior) dorsal vertebraewith associated ribs and series
of paramedian and lateral osteoderms, pectoral girdle, complete right forelimb (missing phalanges);
(B) left side of and the same, but with only a partial left humerus

AMNH 29300 0.0678 Erpetosuchus sp.: right articulated side of a partial skull, and posterior right ramus of lower jaw (see
Olsen et al. 2001)
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Elgin A, we scored the two most complete specimens of Parring-
tonia gracilis (NMT RB426, NMT RB460: Nesbitt et al. 2018)
(see supplementary Fig. S2). We also updated the scores of Erpe-
tosuchus granti based on direct examination of multiple genera-
tions of casts of the holotype specimen (NHMUK PV R3139),
and newly acquired μCT scans of a referred specimen (NMS
G.1992.37.1). This resulted in the rescoring of 52 character
states, including new information on the cervical–dorsal verte-
bral series, osteoderms, pectoral girdle and forelimbs for E.
granti (see Supplementary material). Finally, we updated the
scores for Erpetosuchus sp. (AMNH 393000), also based on
CT scans (see Supplementary material). The inclusion of new
information from E. granti and the addition of better preserved
P. gracilis specimens increases knowledge of the osteology (par-
ticularly postcranial) of the group, which is still poorly under-
stood due to the scarcity of complete specimens (Nesbitt &
Butler 2013; Lacerda et al. 2018).

The final version of the matrix includes 676 characters and 113
terminal taxa. Ten taxa – Eorasaurus olsoni, Archosaurus rossi-
cus,Vonhuenia fredericki,Chasmatosuchus rossicus,Chasmatosu-
chus magnus, ‘Chasmatosuchus’ vjushkovi,Kalisuchus rewanensis,

Shansisuchus kuyeheensis, Uralosaurus magnus and Koilamasu-
chus gonzalezdiazi – were excluded a priori (see Ezcurra 2016
for justifications for the exclusions of these taxa). The following
characters were treated as additive: 1, 2, 7, 10, 17, 19, 20, 21, 28,
29, 36, 40, 42, 50, 54, 66, 71, 75, 76, 122, 127, 146, 153, 156, 157,
71, 176, 177, 187, 202, 221, 227, 263, 266, 279, 283, 324, 327,
331, 337, 345, 351, 352, 354, 361, 365, 370, 377, 379, 398, 410,
424, 430, 435, 446, 448, 454, 458, 460, 463, 472, 478, 482, 483,
489, 490, 504, 510, 516, 529, 537, 546, 552, 556, 557, 567, 569,
571, 574, 581, 582, 588, 648, 652 and 662. The analysis was per-
formed in TNT v. 1.5 (Goloboff et al. 2008) using equally
weighted parsimony. The tree space was generated and searches
for the most parsimonious trees (MPTs) were conducted using
the following protocol: ‘New Technology search’ (Sectorial
Search, Ratchet, Drift and Tree fusing) with 1000
random-addition replicates (RAS). Each method was run for
100 replicates/cycles/iterations. A final round of tree bisection
reconnection (TBR) branch swapping was performed after the
NewTechnology search, with a 50% collapsing rule. This proced-
ure retrieved the same results as the protocol followed byMüller
et al. (2020) that relies instead on ‘Traditional search’ (RAS +

Figure 3 Erpetosuchus granti, NMSG.1992.37.1 (referred specimen). (A) Cervical vertebrae, right pectoral girdle and articulated forearm in right lateral
view. (B–F) Details of humerus, radius, ulna and manus: (B, C) humerus digital model and line drawing in anterior (middle row), proximal (top), distal
(bottom) and posterior views; (D, E) radius and ulna digital model and line drawings; (D) anterior (middle row); (E) proximal (top); and distal (bottom)
views; (F) forearm digital model, line drawing and detail showing the cross-section of pathologic metacarpal I. The red arrows indicate the pathology on
metacarpal I. Abbreviations: dpc = deltopectoral crest; g = groove; h = humerus; hh = humeral head; l. os = lateral osteoderms; ma =manus; mc I-V =
metacarpal I to V; oc = olecranon process; pm. os = paramedian osteoderm; ra = radius; rc = radial condyle; rt = radial tuberosity; sc = scapula; uc =
ulnar condyle; ul = ulna; vert = vertebra. Scale bars = 10mm.
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TBR) with 1000 replicates of Wagner trees (random seed = 0),
and TBR and branch swapping (with ten trees saved per repli-
cate). As in previous analyses, Petrolacosaurus kansensis was
used to root the MPTs.

2. Systematic palaeontology

Archosauria Cope, 1869, sensu Gauthier & Padian 1985
Pseudosuchia Zittel, 1887–1890, sensu Sereno et al. 2005

Figure 4 Erpetosuchus granti, NMS G.1992.37.1 (referred specimen). (A) Cervical–dorsal vertebrae, left pectoral girdle and articulated forearm in
oblique dorsolateral view; (B) close-up of the interclavicle; (C) close-up of the ventral osteoderm row; (D, E) schematic reconstruction of the posterior
cervical and anterior dorsal vertebral series in dorsal (top) and lateral (bottom) views. Abbreviations: co = coracoid; D1–6 = first to sixth dorsal vertebra;
dp = diapophysis; hu = humerus; hyp = hypapophysis; icl = interclavicle; l. os = lateral osteoderm; pa = parapophysis; pm. os = paramedian osteoderm;
poz = postzygapophysis; prz = prezygapophysis; r = rib; sc = scapula; st = spine table; v. os = ventral osteoderm. Scale bar = 10mm.
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Suchia Krebs, 1974, sensu Nesbitt 2011
Erpetosuchidae Watson, 1917, sensu Nesbitt & Butler 2013
Erpetosuchus granti Newton, 1894.

Type specimen.NHMUKPVR3139, consisting of the natural
mould of a complete skull and mandible, articulated series of cer-
vical and anterior dorsal vertebrae, and the shoulder girdle and
forelimbs. Associated with this specimen are different generations

of casts: Newton’s original gutta percha casts are BGS GSM
91029–91051; the PVC and Vinagel casts made by Walker are
located with NHMUK PV R3139 (see Benton & Walker 2002).

Referred material. NMS G.1992.37.1 articulated series of cer-
vical and anterior dorsal vertebrae, associated with paramedian
and lateral osteoderms, ribs and the shoulder girdle and fore-
limbs (complete right forelimb, only missing its distal phalanges,

Figure 5 Erpetosuchus sp. AMNH 29300. (A) lateral; (B) medial views; (C, D) close-up of the skull in lateral and medial views; (E, F) ectopterygoid in
medial and lateral views; (G, H) quadrate and quadratojugal in lateral and posterior views; (I, J) jugal in medial view and coronal section as seen in the
μCTscans. The red arrows indicate pneumatic structures (cavities and trabeculae) of the jugal. Abbreviations: a.j = articulation for the jugal; an = angular;
aof = antorbital fenestra; a.pt = articulation for the pterygoid; den = dentary; emf = external mandibular fenestra; ept = ectopterygoid; la = lacrimal; ltf
= lower temporal fenestra; mx =maxilla; mx s. =maxillary shelf; or = orbit; po = postorbital; pra = prearticular; pt = pterygoid; q = quadrate; qj = quad-
ratojugal; rap = retroarticular process; san = surangular; sas = surangular shelf; sq = squamosal. Scale bar = 10mm (C, D).
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and incomplete left humerus); NMS G.1966.43.4, partial dorsal
vertebral region, with associated paramedian and lateral osteo-
derms and ribs.

Locality and horizon. The type specimen of E. granti was col-
lected from the breakwater at Lossiemouth, near Elgin (Moray,
Scotland, UK) and it originated from either Spynie or the Los-
siemouth quarries. NMS G.1992.37.1 was found in a block on
the beach near Lossiemouth old rail station, likely from the
material discarded by the Lossiemouth quarries. NMS
G.1966.43.4 is part of the Stollery Collection at the NMS,
obtained from Mr E. Stollery of Sandend (Cullen); its precise
provenance is unknown. All of the specimens come from aeolian
sandstones of the LSF (Upper Triassic: ∼upper Carnian/lower
Norian: but see Benton & Walker 2011).

Other potentially referable material.NHMUK PV R4807 is a
series of 16 articulated vertebrae from Lossiemouth, but this spe-
cimen cannot be referred to Erpetosuchus unambiguously (see
Benton & Walker 2002). AMNH 29300 is a partial skull from
the New Haven Formation of Connecticut (Hartford Basin,
Newark Supergroup) (Upper Triassic: ∼upper Carnian/lower
Norian; but see Olsen et al. 2001). This specimen is referred to
Erpetosuchus sp. and is redescribed separately (see below).

Emended diagnosis. Erpetosuchus granti differs from all other
erpetosuchids in (* indicates local autapomorphies): having a
snout that tapers anteriorly in lateral view; obtuse angle
(∼105°) between the alveolar and anterior margins of the pre-
maxilla* (unique within Erpetosuchidae); 4–5 maxillary teeth;
teeth without carinae posterior process of the quadratojugal is
thin and strongly elongated (anteroposterior length/vertical
depth at the base >4; shared with Erpetosuchus sp. (AMNH
29300)); strongly elongated scapula (total length/minimum
anteroposterior width of the scapular blade >13)* (uniquewithin
Pseudosuchia); well-developed trapezoidal hypapophyses on the
middle–posterior cervical and anterior dorsal vertebrae (based
on NMS G.1992.37.1); spine tables (and pit) present on the dor-
sal surface of the neural spine on the cervical and anterior dorsal
vertebrae and absent from the middle dorsals (based on NMS
G.1992.37.1); paramedian and lateral osteoderms longer than
wide and with a distinct keel (shared with Parringtonia gracilis);
paramedian osteoderms with unornamented anterior articular
lamina (shared with Archeopelta arborensis and P. gracilis).

Comments. Six autapomorphies were used by Benton &
Walker (2002) to diagnose E. granti: (1) reduced maxillary den-
tition restricted to the anterior maxilla; (2) large antorbital fen-
estra, in a deep antorbital fossa delimited by sharp margins; (3)
sharp ridge on the lateral surface of the jugal; (4) ‘otic notch’
below an overhanging squamosal; (5) angular and surangular
marked by a strong ridge extending from the ventral margin of
the mandibular fenestra; and (6) teeth with oval cross-section
without carinae. Nesbitt & Butler (2013) used three of these (1,
3, 6) to revise the diagnosis of Erpetosuchidae, while others
(except perhaps 6) have shown some of these characters to be
common among other erpetosuchids (Nesbitt & Butler 2013;
Ezcurra et al. 2017; Lacerda et al. 2018; Nesbitt et al. 2018)
and/or shared with other groups (e.g., character 5 is present in
Erpetosuchidae +Ornithosuchidae) (Von Baczko & Desojo
2016; Ezcurra et al. 2017; Lacerda et al. 2018; Müller et al.
2020). For this reason, we provide a revised diagnosis of E. granti
here.

2.1. New information on Erpetosuchus granti (NMS
G.1992.37.1)
Erpetosuchus granti was originally described by Newton (1894)
andwas last redescribed by Benton &Walker (2002). Minor ana-
tomical reinterpretations were added by Ezcurra et al. (2017),
based largely on NMS G.1992.37.1. We agree with these

descriptions, except where stated explicitly herein. In this section,
we expand upon these descriptions by updating the osteology of
E. granti, based on the first μCTscans of the taxon (referred spe-
cimen: NMS G.1992.37.1). This specimen was previously stud-
ied based only on moulds and the six visible cervical (C)
vertebrae (C3–C8) (Benton & Walker 2002; see Ezcurra et al.
2017; Supplementary material). Our μCT scans revealed previ-
ously unseen elements including: six additional vertebrae from
the cervico–dorsal transition, associated osteoderms and ribs,
two complete scapulae and other parts of the shoulder girdle
and an almost complete forelimb (missing the distal phalanges)
(Fig. 3). The μCT scans also showed a previously unnoticed
pathology in the right hand (digit I) of this individual (red
arrows in Fig. 3). Based on our new diagnosis, NMS
G.1992.37.1 belongs to E. granti on the basis of markedly
elongated scapula, keeled osteoderms, paramedian osteoderms
that are longer than wide with unornamented anterior lamina
and identical vertebral and forelimb morphology to other
specimens of the species.

2.1.1. Vertebrae. A total of six cervical and six dorsal verte-
brae are preserved in life position within NMS G.1992.37.1. Of
these, the cervicals are partially visible in lateral view in the pre-
viously prepared cast. Ezcurra et al. (2017) noticed that the pos-
terior cervical vertebrae have well-developed trapezoidal
hypapophyses projecting ventrally from the surfaces of the centra
(Figs 3, 4). We confirm the presence of these prominent hypapo-
physes and note that they decrease in size and thickness poster-
iorly, disappearing a few vertebrae posterior to the cervical–
dorsal transition (Fig. 4). Dorsal (D) vertebrae D1 and D2 pos-
sess anteroventrally projecting hypapophyses. In D3 and D4, the
hypapophyses are replaced by a single thin central keel, but from
D5 onward (in the posterior direction) the ventral surface of the
centrum is smooth and transversely convex (Fig. 4).

The centra of all preserved vertebrae are rectangular in lateral
view (anterior and posterior articular faces are placed at the same
level), being anteroposteriorly longer than dorsoventrally tall.
The ratio between the length and height of the most posterior
completely preserved dorsal centrum (D5) is ∼1.91 (7.0 mm/
3.6 mm) (Fig. 4). The transverse width across the transverse pro-
cesses is greater than the centrum length in all preserved dorsal
vertebrae (Fig. 4).

The neural spines arewell preserved in all vertebrae (Figs 3, 4).
They are rectangular in lateral view and, therefore, more similar
to those of Tarjadia ruthae than the fan-shaped neural spines of
Parringtonia gracilis (although a widening of the neural spine is
present in the most posterior preserved dorsal vertebra (D6) of
NMS G.1992.37.1). The neural spines are constant in height
along the cervical and dorsal series, but are more posteriorly dis-
placed in the dorsals. As noted by Benton & Walker (2002), the
apices of the neural spines of the cervical vertebrae are trans-
versely expanded to form ‘spine tables’; this is also the case for
the anterior dorsal vertebrae. The dorsal surfaces of the spine
tables are concave, with a deep pit in the centre. However, the
morphology of the spine table varies across the cervical–dorsal
transition. The cervical spine tables are rectangular (transversely
wider than anteroposteriorly long) in dorsal view, but more pos-
teriorly the spine tables gradually become trapezoidal (with a
wider anterior margin) in D3–D5, before disappearing in D6
(Fig. 4). Similarly, the pits on the dorsal surface of the spine
tables become shallower along the dorsal series and no pit is pre-
sent in D6 (Fig. 4). These features may be significant because the
neural spines of the caudal vertebrae of BGS GSM Elgin A lack
spine tables or pits, unlike those of other erpetosuchids (e.g., P.
gracilis and T. ruthae) that possess both. Unfortunately, the pos-
terior half of the skeleton is missing in all confirmed specimens of
Erpetosuchus granti, making it impossible to make direct com-
parisons with BGS GSM Elgin A.
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Both the cervical and dorsal series of NMS G.1992.37.1 are
associated with two rows of parasagittal osteoderms, as in the
holotype (NHMUK PV R3139) (Figs 3, 4). However, this is the
first time that the lateral series of osteoderms in NMS
G.1992.37.1 has been revealed: the μCT scans show that they
are still completely embedded in the matrix, and, thus, they were
not visible in the physical moulds of the specimen (Figs 3, 4).

2.1.2. Scapula. The shoulder girdle of E. granti is reason-
ably well preserved in the holotype (NHMUKPVR3139), so lit-
tle additional information can be added to the description of
Benton &Walker (2002). Both scapulae are preserved in life pos-
ition in NMS G.1992.37.1 and are larger than those of the holo-
type (37 mm in maximum length in NMSG.1992.37.1 versus 33
mm in NHMUK PV R3139), indicating that the NMS individ-
ual was marginally larger than the holotype (Fig. 3). The com-
pleteness of the scapulae of NMS G.1992.37.1 allows a more
precise quantification of the proportions of this element.
Uniquely within Erpetosuchidae, the scapula of E. granti is
extremely elongated, with a total length/anteroposterior width
>13 (character (Ch.) 387: 1→2). This is greater than in other rela-
tively gracile taxa such as P. gracilis, where the ratio is ∼8–11
(Nesbitt & Butler 2013).

2.1.3. Humerus. Both humeri of NHMUK PV R3139 have
incomplete distal ends, but were each estimated to be 38mm long
(Benton & Walker 2002). The humeri in NMS G.1992.37.1 are
preserved in articulation with the pectoral girdle, and whereas
only the mould of the proximal third of the left humerus is pre-
served in the block, the entire right humerus (46.5 mm in length)
is visible in the μCT scans (Figs 3, 4). The distal end is narrow
transversely, reaching ∼20% of the total humeral length. In add-
ition to the description of Benton & Walker (2002), we report
that the deltopectoral crest of both specimens is well developed
(extends to ∼1/3 of the total humeral length). No entepicondylar
foramen or supinator process is visible at the distal end of the
humerus, but the condyles are separated by a clear trochlear
groove. A deeply excavated, long groove is visible on the posterior
surface of the distal end and extends for ∼1/3 of total humeral
length (Fig. 3).

2.1.4. Ulna. The ulna and radius of the holotype ofE. granti
(NHMUK PV R3139) are missing their proximal ends, whereas
they are completely preserved, in life position with the rest of the
right forelimb, in NMS G.1992.37.1 (Fig. 3). The ulna of NMS
G.1992.37.1 is long and gracile, weakly flattened and only
slightly shorter than the humerus (37 mm in length excluding
the olecranon process, 40 mm with this process included, against
46.5 mm, respectively). The proximal half of the ulna exhibits a
weak curvature that gives the bone a sigmoidal outline in anter-
ior and posterior views (Fig 3D, E) (not straight, contra Benton
& Walker 2002). Its proximal end bears a prominent olecranon
process that is completely fused with the shaft and a weakly
developed lateral (radial) tuber (Fig. 3), just above a concave
articular surface for the radius.

2.1.5. Radius. The radius of NMS G.1992.37.1 is also com-
pletely preserved, allowing for a more precise assessment of its
proportions, and comparison with the humerus and ulna. The
radius is subequal in length to the ulna (36.2 mm versus 37
mm excluding the olecranon process, 40 mm with this process
included). The radius has a narrow shaft and proximal end
that is more expanded than the distal one (Fig. 3).

2.1.6. Manus. The manus of E. granti is very well preserved
in the holotype and has been described thoroughly (Benton &
Walker 2002). To this description we add that the ratio of meta-
carpal distal width and length is ∼0.27 (2.5 mm/7.35 mm in
metacarpal I), and that we could not identify extensor pits on
any of the distal ends of the metacarpals. Although the manus
of NMS G.1992.37.1 is not as complete as that of NHMUK
PV R3139, it is notable because of a rarely seen pathology

(Fig. 3). Specifically, NMS G.1992.37.1 exhibits polydactyly,
with a manus possessing six metacarpals, where ‘metacarpal I’
is composed of two fused metacarpals. The same pathology
seems to also affect the first phalanx (Fig. 3F).

2.2. New information onErpetosuchus sp. (AMNH 29300)
AMNH 29300, from the New Haven Formation of Connecticut
(Hartford Basin, Newark Supergroup) of the USA, is the only
specimen outside the LSF to be referred to Erpetosuchus. In gen-
eral, we agree with the previous descriptions of this material by
Olsen et al. (2001), andwe use this section to update the anatom-
ical description of this specimen based on examination of our CT
scans, which, for the first time, allowed access to the medial side
of the skull (the whole skull is exposed in left lateral view). This
exercise allowed us to update scores for 20 new character states
for this specimen in our phylogenetic analysis (see Supplemen-
tary material).

AMNH 29300 should still be referred to Erpetosuchus sp.
based on the small size, and the extremely elongated posterior
process of the jugal (Fig. 5) (Ch. 100–2) with an anteroposterior
length/dorsoventral thickness ratio (measured at the base of the
process) >∼4, which is higher than in all other erpetosuchids
(e.g., it scores ‘1’= 1.57–3.77 in Tarjadia ruthae; Ezcurra et al.
2017). AMNH 29300 may also differ from Erpetosuchus granti
in having a maxilla that reaches as far as the anterior orbital bor-
der (Fig. 5), whereas it reaches between the posterior and anter-
ior orbital border in E. granti and all other erpetosuchids.
However, this region of the skull is damaged in AMNH 29300,
so we were not able to score this character confidently. Because
of this difference, and a lack of overlap in other diagnostic fea-
tures, we cannot refer AMNH 29300 to E. granti, but only to
Erpetosuchus sp.

2.2.1. Maxilla. The maxilla of AMNH 29300 has been
thoroughly described and we can add little detail to the Olsen
et al. (2001) description. Its medial side is mounted against a sup-
port. Unfortunately, the maxilla is incomplete and broken across
the medial side of the alveoli. Based on the hidden alveolar mar-
gins, we can confirm the presence of ∼7/8 teeth sitting in sockets
and not fused to the maxilla. The antorbital fossa frames the
anterior and ventral borders of the antorbital fenestra as it also
does in E. granti and other erpetosuchids. The ventral margin
of the fossa is a sharp ridge/shelf, which is highly vascularised
and pierced by several foramina, as also seen in Tarjadia ruthae
(Ezcurra et al. 2017) and Parringtonia gracilis (NMT RB28).
There is no evidence for a secondary antorbital fenestra
(Fig. 5), which is seen in some erythrosuchids (i.e., Guchengosu-
chus shiguaiensis, Shansisuchus and Chalishevia cothurnata;
Ezcurra 2016; Butler et al. 2019b). The contact of the maxilla
with the jugal is unclear due to a fracture running across the rele-
vant area.

2.2.2. Jugal. As observed by Olsen et al. (2001), the jugal of
AMNH 29300 is almost identical to that of E. granti. The poster-
ior process, although broken at its base, has a distinct lateroventral
orientationwith respect to the anterposterior axis of the skull. This
process lies distinctly ventral to the quadratojugal and extends pos-
teriorly to nearly reach the quadrate condyles, as observed in some
erpetosuchids and ornithosuchids (e.g., E. granti, BGS GSM
Elgin A; Fig. 5) (see Von Baczko & Desojo 2016; Ezcurra et al.
2017; Lacerda et al. 2018). This process extends posteriorly beyond
the occipital border of the lower temporal fenestra. The medial
side of the jugal shows pneumatic structures – specifically, a series
of hollow cavities and trabeculae (Fig. 5I, J). The jugal of AMNH
29300 is in close association with a very well preserved ectoptery-
goid, which articulates along most of the length of the medioven-
tral edge of the orbital margin (Fig. 5).

2.2.3. Ectopterygoid. The ectopterygoid of AMNH29300 is
completely concealed in the matrix surrounding the specimen.

217ERPETOSUCHIDS FROM THE TRIASSIC ELGIN FAUNA

https://doi.org/10.1017/S1755691020000109 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691020000109


The main body is anterodorsally curved (much more so than in
BGS GSM Elgin A) and broken (but closely associated) with a
well-developed, trapezoidal posterior expansion that extends
posteriorly to the base of the jugal posterior process (Fig. 5).
The anterior process is intact and, as in BGS GSM Elgin A, is
short and peg-like (Fig. 5E, F). In AMNH 29300, this process
does not reach the maxilla.

2.2.4. Quadratojugal. The quadratojugal is very similar in
morphology to that of BGS GSM Elgin A, and is still in articu-
lation with the quadrate and closely associatedwith the posterior
process of the jugal. The posteromedial extent of the quadratoju-
gal overlaps the lateral side of the quadrate and does not reach
the ventral condyles of the quadrate. The occipital surface of
the quadratojugal of AMNH 29300 is not perforated by a for-
amen, unlike that of BGS GSM Elgin A (Fig. 5G, H).

2.2.5. Lower jaw. Only the posterior half of the mandible is
preserved in AMNH 29300 and most of its dorsal side is hidden
by the jugal. However, once the skull and matrix are digitally

removed, the details of its dorsal and medial sides become avail-
able. As in other erpetosuchids, ornithosuchids and protero-
champsids, the lower jaw has a strongly developed surangular
shelf (Trotteyn et al. 2013; Ezcurra 2016; Von Baczko & Ezcurra
2016; Ezcurra et al. 2017). The mandibular fenestra is not com-
pletely preserved, but most of its dorsal side is intact and shows it
was long compared to the overall lower jaw length. The dorsal
margin of the surangular is straight. The angular is widely
exposed in lateral view and not fused with the prearticular,
which is also separated from the articular. The articular is
pierced bya foramen on themedial side and has amedioventrally
directed process. The retroarticular process is well developed and
extends directly posterior to the glenoid fossa (Fig. 5).
Archosauria Cope, 1869, sensu Gauthier & Padian 1985
Pseudosuchia Zittel, 1887–1890, sensu Sereno et al. 2005
Suchia Krebs, 1974, sensu Nesbitt 2011
Erpetosuchidae Watson, 1917, sensu Nesbitt & Butler 2013
Erpetosuchidae gen. et sp. indet.

Figure 6 Erpetosuchidae indet., BGSGSMElginA, premaxilla and frontals. (A–F) Left premaxilla in (A) anterior, (C)medial, (D) posterior, (E) dorsal
and (F) ventral views; (G–L) left frontal in (G) dorsal, (H) lateral, (I) ventral, (J) medial, (K) anterior and (L) posterior views; (M–P) right frontal in (M)
dorsal, (N) lateral, (O) ventral and (P) medial views; (Q–R) articulated frontal in (Q) dorsal and (R) ventral views. Abbreviations: a.na = articulation for
the nasal; a.pf = articulation for the postfrontal; cer = cerebrum; en = external nares; for = foramen; ob = olfactory bulb; or = orbit; P1-4 = premaxillary
tooth 1-4; pap = palatal process; pnp = postnasal process; prp = prenasal process; rt = replacement tooth. Scale bars = 10mm.

218 DAVIDE FOFFA ETAL.

https://doi.org/10.1017/S1755691020000109 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691020000109


Referred material. The disarticulated skeleton of BGS GSM
Elgin A is embedded in BGS GSM 91072–81, 91085–6 (Figs
1, 2, 6–14). It consists of the following: left premaxilla, frontals,
left lacrimal, right quadrate, left quadratojugal, right posterior
lower jaw (articular, angular, surangular and associated frag-
ments), ectopterygoid, ?pterygoid (two fragments), ?radius, frag-
ments of dorsal vertebrae and associated osteoderm series,
incomplete dorsal ribs, articulated series of middle–distal caudal
vertebrae with intact osteoderms, parts of both femora (a short
fragment of the shaft of the right, and the complete left), left
tibia, left fibula, proximal portion of the ?pubis and three left
metatarsals (two preserved as moulds). All of these elements
are embedded in ten small blocks of sandstone (Figs 1, 2).

Locality and horizon. BGS GSM 91072–82, 91085–6 was col-
lected at Spynie Quarries (NJ 223657), near to Elgin (Moray,
Scotland, UK). The aeolian sandstones exposed in the quarry
belong to the LSF (Upper Triassic: ∼upper Carnian/lower Nor-
ian; but see Benton & Walker 2011).

2.3. Description of BGS GSM Elgin A
2.3.1. Skull. Many of the skull bones are largely complete

and three-dimensionally preserved. The cranial remains are dis-
articulated, but closely associated in five blocks (BGS GSM
91074–8) (Figs 1, 2, 6–9). The maxilla, nasal, jugal, prefrontal,
most of the palate and the braincase are missing.

Premaxilla. The left premaxilla is nearly completely preserved
within BGS GSM 91076 (Fig. 6A–F). It is <10mm long in lat-
eral view and 5mm wide in anterior view. In lateral view, the
main body of the premaxilla is horizontally oriented (not down-
turned), has a rectangular shape (proportions: ∼1.5 longer ante-
roposteriorly than deep dorsoventrally) and possesses two thin
processes arising from its anterodorsal and posterodorsal mar-
gins (Fig. 6A).

The lateral surface of the main body of the premaxilla is
pierced by a comparatively large (relative to the size of the pre-
maxilla) foramen, positioned a short distance above the alveolar
margin between the first and second premaxillary alveoli (P1 and
P2) (Fig. 6A). This feature is shared with Parringtonia gracilis
(NMTRB28), and potentially also other erpetosuchids (see Dis-
cussion). The μCT scans reveal that this foramen opens into a
channel that extends through the premaxilla, trending dorsoven-
trally and exiting the bone within the external naris, along the
posterior side of the base of the anterodorsal process. A propor-
tionately smaller foramen (‘anterior premaxillary foramen’) can
be found in the narial fossae of some early dinosaurs such asEor-
aptor lunensis (Sereno et al. 1993, 2013) and Buriolestes (Cab-
reira et al. 2016). An additional opening, which superficially
appears to be a large foramen (Fig. 6A: for?), is present on the
ventral margin of the external nares, but it likely is an artefact
of preservation, unlike the genuine foramen present in the ‘raui-
suchian’ pseudosuchian archosaur Vivaron haydeni (Lessner
et al. 2016).

The premaxilla bears four alveoli, but only two erupted teeth
are present. These are set in sockets and the bases are not cemen-
ted to the alveolar margin (i.e., thecodont implantation: Fig. 6C,
F). The four alveoli occupy the entire ventral margin of the pre-
maxilla (Fig. 6F). There is neither an edentulous anterior margin
nor a posterior subnarial diastema, which are present in aeto-
saurs (Stagonolepis, Neoaetosauroides, Desmatosuchus) and
Ornithosuchidae, respectively (Desojo et al. 2013; Von Bazcko
& Ezcurra 2013). Unfortunately, due to the small size of the spe-
cimen, few details of the dentition are available, but the teeth are
weakly compressed mediolaterally, ventrally directed and are
weakly recurved towards their apices; it is not clear if they have
serrations. The μCT scans show a small replacement tooth med-
ial to P2 (Fig. 6F). A small, dorsoventrally compressed palatal
process projects medially and posteriorly, dorsal to alveoli

P3–P4. Its posterior border is concave (Fig. 6C, F). It is unclear
whether interdental plates were present on the medial side of the
premaxilla.

The anterior margin of the main bodyof the premaxilla is sub-
vertical in lateral view (Fig. 6A). Above it, the thin, elongate
anterior process ( = nasal process) extends posterodorsally at
∼60° to the horizontal in lateral view (Fig. 6A, C). This process
(measured from base of external nares to its posterior end) is
shorter than the anteroposterior length of the premaxilla and
forms the anterior and dorsal margins of the external nares. Its
lateral surface bears an unusually long, slot-like articular surface
for the nasal (Fig. 6A); the anterior extent of this surface indi-
cates that the nasal would have participated in the anterodorsal
margin of the external nares. The shape and orientation of this
slot indicates that the nasals were separated from each other
anteriorly by thin processes of the premaxillae that met along
the midline. Finally, as is common in archosaurs, the relative
positions of the nasal articulation and the posterior border of
the main body of the premaxilla indicate that the nasal reached
further anteriorly than the maxilla in lateral view (Fig. 6A, E).

The posterodorsal ( =maxillary or subnarial process) process
is thinner in lateral and posterior views than the anterior process
(Fig. 6A, C). The posterodorsal process initially projects poster-
iorly at a low angle (∼30°) before bending sharply dorsally to
become sub-vertical. This morphology is unusual and creates a
distinctive ‘step-like’ contact between the premaxilla andmaxilla
that is, to our knowledge, unique within Pseudosuchia (Nesbitt
2011; Ezcurra 2016; Roberto-da-Silva et al. 2016), and which
is similar to the condition in the early dinosaur Eoraptor lunensis
(see Sereno et al. 1993, 2013). However, this part of the postero-
dorsal process is often broken in many specimens. The postero-
dorsal process forms the posterior margin of the external naris
and excluded the maxilla from participating in the border of
this opening (Fig. 6A). The exclusion of the maxilla from the
border of the external naris is plesiomorphic in Archosauri-
formes and the maxilla participates in the border only in a
small number of taxa (e.g., all aetosaurs except Aetosauroides,
Batrachotomus kupferzellensis, Effigia, Arizonasaurus) (Gower
1999; Nesbitt 2011; Desojo et al. 2013).

The external nares are positioned at the anterior end of the
snout, open laterally and are triangular in lateral view (this is a
potential autapomorphy of BGS GSMElgin Awithin Erpetosu-
chidae) (Fig. 6A); by contrast, they are normally circular or oval
in other archosaurs. The ventral, anterodorsal and posterior
margins of the external naris are formed, respectively, by the pre-
maxilla main body, premaxillary anterior process and nasal, and
premaxillary posterodorsal process. There is no evidence of
either a substantial narial fossa or a subnarial fenestra between
the premaxilla and maxilla (Fig. 6A). The subnarial fossa is

Figure 7 Erpetosuchidae indet., BGS GSM Elgin A, right lacrimal.
(A–F) Lacrimal in (A) dorsal, (B) lateral, (C) anterior, (D) medial, (E)
posterior and (F) ventral views. Abbreviations: a.mx = articulation for
the maxilla; a.na = articulation for the nasal; aof = antorbital fenestra;
a.prf = articulation for the prefrontal; l.for = lacrimal foramen; or =
orbit. Scale bars = 10mm.
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commonly found in dinosaurs such as Eoraptor, Herrerasaurus,
sauropodomorphs and theropods (Nesbitt 2011), but only rarely
in pseudosuchians (e.g., B. kupferzellensis: Gower 1999).

Frontal.Both frontals of BGSGSMElgin A arewell preserved
and easily identifiable in BGS GSM 91077 (left) and BGS GSM
91075 (right) (Fig. 6G–P). The right frontal (Fig. 6G–I) is nearly
complete and ∼15mm long anteroposteriorly, whereas the left
element is missing its anterior tip (Fig. 6M–P). The frontals
are separate (i.e., unfused along the midline) and are longer
than wide. Their dorsal surfaces are densely sculptured by a ran-
dom (non-radial) pattern of ridges and grooves similar to those
of early suchians (e.g., Gracilisuchus – MCZ 4117; Parringtonia
– Nesbitt et al. 2018), and lack any distinguishable ridge or
fossa near the midline (Fig. 6H, N), in contrast to the presence
of these features in Batrachotomus, Postosuchus and some croco-
dylomorphs (e.g.,Dromicosuchus,Hesperosuchus, Sphenosuchus;
Clark et al. 2000; Sues et al. 2003; Nesbitt 2011), which are char-
acterised by a distinct midline fossa. The orbital margin of the
frontal is slightly raised relative to the rest of the dorsal surface.
The frontal is as transversely wide along its anterior portion as it
is medial to the orbital margin, as in most archosauriforms (e.g.,
ornithosuchids, phytosaurs, aetosaurs, gracilisuchids: Walker

1964; Nesbitt 2011; Desojo et al. 2013; Stocker & Butler 2013;
Butler et al. 2014). However, the frontal expands laterally poster-
ior to the narrowest interorbital distance, such that the posterior
end is nearly twice the width of the anterior end (Fig. 6H, N).
This gives the combined frontals a trapezoidal outline in dorsal
view (Fig. 6Q–R).

The anterior suture with the nasal is such that the frontals
would have projected a short distance between the nasals,
whereas the posterior margins of both frontals form an interdigi-
tated (‘W’-shaped) suture with the parietals (Fig. 6G, M). Along
its posteromedial margin there is no evidence that the frontal par-
ticipated in the supratemporal fenestra. Absence of frontal par-
ticipation in the supratemporal fenestra is the condition in
most Triassic archosaurs (Ezcurra 2016). In lateral view, the
frontal forms the entire dorsal margin of the orbit (Fig. 6G–

P). The posterolateral corner of each frontal has a depression
that likely represents the articulation surface for either the post-
frontal or postorbital (if the postfrontal was absent) (Fig. 6G, H,
I). The ventral surfaces of the frontals have distinct fossae that
represent the impressions of the olfactory bulbs (Fig. 6I, O).
These are linked to fossae that represent the impressions of the
rest of the cerebrum by the hourglass-shaped impressions of

Figure 8 Erpetosuchidae indet., BGS GSM Elgin A, quadrate and quadratojugal. (A–E) Quadrate in (A) posterodorsal, (B) lateral, (C) anteroventral,
(D) medial and (E) ventral views; (F–K) quadratojugal in (F) anterior, (G) lateral, (H) posterior, (I) medial, (J) dorsal and (K) ventral views. Abbrevia-
tions: a.co = articular condyles; a.j = articulation for the jugal; a.pt = articulation for the pterygoid; a.q = articulation for the quadrate; a.qj = articulation
for the quadratojugal; a.sq = articulation for the squamosal; for = foramen; ltf = lower temporal fenestra qf = quadrate foramen. Scale bars = 10mm.
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the olfactory tracts. The crista cranii that separate the orbits from
these endocranial structures are well-developed tall ridges.

Lacrimal. The right lacrimal is completely embedded within
BGS GSM 91078 (Fig. 7), has a triangular outline in lateral
view and is flat and slightly concave medially. One of the extrem-
ities, here interpreted as the ventral process, is tubular in cross-
section with a low crest extending along the lateral surface and
would presumably have articulatedwith the anterodorsal process
of the jugal. This process terminates ventrally in a large foramen
that is similar to, but more ventrally placed than, that reported
on the lacrimal of the pseudosuchian Prestosuchus chiniquensis
(Mastrantonio et al. 2019). This foramen opens into a canal
that extends through the bone and that emerges medially at the
dorsal end of the ventral process (Fig. 7B, D, F). The shape of
the lacrimal of BGS GSM Elgin A is unusual, in that the poster-
ior prefrontal process is more prominent than in most known
archosaurs BGS GSM Elgin A. A shallow fossa is present on
the anterior process that is interpreted as part of the antorbital
fossa. The gently curved posterior margin forms the anterior
edge of the orbit. Sulci and flat articular surfaces, probably for

the nasal and prefrontal, are visible on the anterior and posterior
processes in lateral and dorsal views (Fig. 7B: a.na, a.prf ?).

Quadrate. The right quadrate is nearly completely preserved,
although its main body (in BGSGSM91076) has been separated
from the medial pterygoid process (in BGS GSM 91079)
(Fig. 8A–E). The articular condyles and the anterior extremity
of the pterygoid process are not as well preserved, although it
is unclear whether this is due to poor ossification, diagenetic
damage or both. A large foramen, interpreted as the quadrate
foramen (Fig. 8A–C: qf), is visible on the lateral surface near
the quadrate-quadratojugal articulation – this feature is present
in all non-archosaurian archosauromorphs, and many crown
archosaurs, but absent in crocodylomorphs (Nesbitt 2011). Nei-
ther the anterior nor posterior surfaces of the quadrate bear sig-
nificant grooves or crests. The dorsal portion of the quadrate is
triangular in dorsal view, with a prominent dorsal and poster-
iorly directed process.

Quadratojugal.The right quadratojugal of BGSGSMElgin A
is preserved in BGS GSM 91077 in close association with a frag-
ment of the lower jaw (Fig. 8F–K). In lateral view, this bone has a

Figure 9 Erpetosuchidae indet., BGS GSM Elgin A, left ectopterygoid and two pterygoid fragments. (A–F) Ectopterygoid in (A) anterior, (B) lateral,
(C) posterior, (D) medial, (E) dorsal and (F) ventral views; (G–J) middle-left section of the pterygoid; (K–N) posterior portion of the left pterygoid.
Abbreviations: a.bpt = articulation for the basipterygoid; a.ept = articulation for the ectopterygoid; a.j = articulation for the jugal; a.pt = articulation
for the pterygoid; a.qj = articulation for the quadratojugal; q r. = quadrate ramus of the pterygoid; sofe = suborbital fenestra; stf = subtemporal fenestra.
Scale bars = 10mm.
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characteristic ‘L’-shaped outline (Fig. 8G). The angle between
the anterior and dorsal processes is acute (∼40°), a feature shared
by Ornithosuchidae and Erpetosuchidae within Pseudosuchia
(Von Baczko & Desojo 2016; Ezcurra et al. 2017; Lacerda
et al. 2018; but see Discussion). The main body of the quadrato-
jugal is an arched thin sheet that in life wrapped around the lat-
eral surface of the quadrate and contacted the posterior process
of the jugal ventrally. The anterior surface of the quadratojugal is
concave and formed the posterior and ventral walls of the lower
temporal fenestra. The posterior surface is also smooth and con-
cave, and pierced by a foramen, which is not seen in other arch-
osaurs (Fig. 8G, J: for?; see Discussion).

The articular surfaces for the posterior process of the jugal and
the quadrate are both visible (Fig. 8G–K: a.q, a.j). The first is
positioned on the ventral surface of the bone, indicating that in
life the jugal would articulate on the ventral surface of the anter-
ior process of the quadratojugal, and that the jugal posterior pro-
cess extended far posteriorly, reaching close to the quadrate
condyles. The first character state is shared with crocodylo-
morphs (e.g., Dromicosuchus), Postosuchus kirkpatricki, Polono-
suchus and Gracilisuchus (Chatterjee 1985; Sues et al. 2003;
Nesbitt 2011; Weinbaum 2011) among pseudosuchians. The lat-
ter character state (i.e., the jugal posterior process extending as
far as the quadrate condyles) is shared with erpetosuchids,

most phytosaurs, crocodylomorphs (Benton & Walker 2002;
Nesbitt 2011; Ezcurra et al. 2017; Stocker et al. 2017) and
some rauisuchians (Gower 1999; Nesbitt et al. 2013; but see Dis-
cussion). The articular surfaces for the quadrate on the ventral
and dorsal parts of the medial surface of the quadratojugal are
both well preserved (Fig. 8G, I–K).

Ectopterygoid. The right ectopterygoid is preserved in BGS
GSM 91079 and is a long, weakly curved, comma-shaped elem-
ent (Fig. 9A–F). The main body is elongated and bears traces of
the articulation with the pterygoid on the posteromedial surface
(Fig. 9A–C: a.pt). The lateral process is lost and, on the other
side, a straight, rod-like process is visible (Fig. 9B–E: a.j). How-
ever, based on the preserved element, it is not possible to deter-
mine whether the ectopterygoid articulated with the maxilla,
nor the extent of its lateral contact with the jugal (the ectopter-
ygoid has an expanded contact with the jugal in Erpetosuchus
granti and Erpetosuchus sp. (AMNH 29300)) (Fig. 5) (Olsen
et al. 2001; Benton & Walker 2002).

The ectopterygoid has a single head, as opposed to the ‘raui-
suchians’ Postosuchus, Polonosuchus and Batrachotomus, in
which a double head is present (Chatterjee 1985; Gower 1999;
Nesbitt 2011; Weinbaum 2011; Nesbitt et al. 2013). The ectop-
terygoid arches anteriorly in dorsal view and maintains a sub-
circular to sub-triangular cross-section along most of its length

Figure 10 Erpetosuchidae indet., BGS GSM Elgin A, posterior right lower jaw fragments in (A, B) lateral, (C, D) dorsal, (E, F) medial and (G, H)
ventral views. Abbreviations: a.cor = articulation for the coronoid; an = angular; emf = external mandibular fenestra; rap = retroarticular process; san
= surangular; sas = surangular shelf. Scale bar = 10mm.
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before it tapers and flares laterally at its distal end. In contrast to
most archosaurs, the main body of the ectopterygoid is not sig-
nificantly arched anteriorly or anterodorsally but is mostly
straight as inRevueltosaurus (Parker et al. 2005). The posterome-
dial surface of the bone shows an articular surface for the lateral
and ventral parts of the pterygoid.

Pterygoid. Two fragments preserved in BGS GSM 91076 are
here interpreted as parts of the pterygoids (Fig. 9G–N). We

interpret the first as the lateral part of the right pterygoid (pre-
serving an articular facet for the ectopterygoid) (Fig. 9G–J).
The second fragment (Fig. 9K–N) is identified as the posterior
portion of the left pterygoid, preserving the medial margin of
the subtemporal fenestra, part of the basipterygoid articulation
and the damaged base of the quadrate ramus (Fig. 9K: q r.). A
complex system of thin crests is visible on one side of the bone.
There is no evidence of teeth on either of the preserved pterygoid
fragments.

2.3.2. Lower jaw. The posterior part of the right lower jaw is
preserved in BGSGSM91076 and includes parts of the posterior
portion of the angular and parts of the surangular (Fig. 10).
There is evidence that an external mandibular fenestra was pre-
sent, but no other internal mandibular cavity could be identified
due to the poor preservation. Posterior to this the angular is
widely exposed on the lateral surface of the mandibular ramus.
Additional useful diagnostic features cannot be assessed due to
the poor preservation of the fragments.

We identified one of the associated lower jaw fragments as the
anterior part of a mediolaterally broad surangular shelf. A simi-
lar wide shelf is present in Parringtonia (NMT RB 426), Erpeto-
suchus sp. (AMNH 29300; Fig. 5) and some other
archosauriforms (see Discussion). Additional bone shards, pre-
sumably belonging to the splenial, angular and surangular, are
preserved in BGSGSM91076 and 91079 close to the other man-
dibular fragments (Fig. 10B, D, E, G). There is no evidence of a
surangular foramen in any of these fragments.

2.3.3. Vertebral column and osteoderms. Incomplete frag-
ments of vertebrae and associated osteoderms belonging to
BGS GSM Elgin A are found in several blocks (Figs 2, 11). A

Figure 12 Erpetosuchidae indet., BGS GSM Elgin A, pubis? in (A)
dorsal, (B) posterior, (C) lateral, (D) anterior, (E) medial and (F) ventral
views. Abbreviation: of = obturator foramen. Scale bar = 10mm.

Figure 11 Erpetosuchidae indet., BGS GSM Elgin A, articulated middle–posterior series of caudal vertebrae, caudal vertebra and osteoderms. (A–E)
Series of middle-posterior caudal vertebrae in (A) dorsal, (B) left lateral, (C) ventral and (D, E) right lateral views (E with associated osteoderms); (F–K)
caudal vertebra in (F) dorsal, (G) anterior, (H) left lateral, (I) posterior, (J) right lateral and (K) ventral views; (L, M) paramedian row of caudal osteo-
derms in (L) dorsal and (M) ventral views; (N, O) close-up of caudal paramedian osteoderm in (N) anterior and (O) dorsal views. Abbreviation: k = keel.
Scale bars = 10mm (E, I, J, L, M); 5 mm (N, O).
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Figure 13 Erpetosuchidae indet., BGS GSM Elgin A, right femur, left tibia, left fibula and articulated partial left leg. (A, E) Right femur in proximal,
(B) lateral, (C) posterior, (D)medial, (F) anterior and (G, H) distal views; (I–L) left tibia in (I) medial, (J) anterior, (K) lateral and (L) posterior views; (M–
R) left fibula in (M) lateral, (N) anterior, (O) medial, (P) proximal, (Q) posterior and (R) distal views; (S) left leg in lateral view. Abbreviations: aeg =
anterior extensor groove; fc = fibular condyle; 4t = fourth trochanter;M. i = attachment for theM. iliofibularis; pfos = popliteal fossa?; tc = tibial condyle;
vl = ventrolateral edge. Scale bars = 10mm.

224 DAVIDE FOFFA ETAL.

https://doi.org/10.1017/S1755691020000109 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691020000109


long, fragmented series of osteoderms and broken ribs can be
traced along the surface of BGS GSM 91076 and continues on
BGS GSM 91073–5 and GSM 91086 (Figs 1, 2). Based on their
close proximity with the skull fragments, and the orientation of
the rest of the skeleton, these are likely associated with the pre-
caudal part of the vertebral series. Associated with these are a
putative radius/ulna and a possible pubis fragment (Figs 1, 12).

Twelve pairs of articulated osteoderms and moulds or frag-
ments of partial vertebrae are present in BGS GSM 91081 and
91085 (Fig. 2). This series presumably represents the posterior
dorsal, sacral and anterior caudal vertebrae. Finally, an articu-
lated series of nine distal caudal vertebrae and associated osteo-
derms are split between BGSGSM91074 and 91072 (Figs 2, 11).
This segment is almost certainly the continuation of the previous
series, although, as previously mentioned, an unambiguous con-
nection between the blocks BGS GSM 91072/91074 and 91085/
91081 has not been recognised (see Introduction). Unfortunately,
little information can be gleaned from the presacral series, but
the caudal sequence is well preserved and only slightly distorted
(Figs 2, 11). These middle–posterior caudals are the only verte-
brae that warrant full description (Fig. 11A–K).

Vertebrae. The middle and distal caudal vertebrae are intact
and only slightly distorted. This caudal series has some peculiar
characteristics (Fig. 11A–K). The centra are strongly reduced in
size relative to the neural arches, with the neurocentral canal
being wider and taller than the centra in cross-section
(Fig. 11F–K). The neural spines are rectangular and low in lat-
eral view and lack any transverse expansion at their dorsal
ends (i.e., spine tables are absent). Expansions of the apices of
the neural spines are present in many pseudosuchian archosaur
lineages (including Rauisuchidae, Phytosauria, Ornithosuchi-
dae, Aetosauria and Erpetosuchidae; but see Discussion). It is
noteworthy, however, that complete caudal series are rarely pre-
served, and the spine table character has been assessed primarily
on cervical/dorsal and anterior caudal vertebrae. Spine tables are
present on some caudals of Parringtonia gracilis (see Discus-
sion). No accessory neural spine, haemal arch or lateral pro-
cesses (caudal ribs) are present on any of these associated
vertebrae, indicating that they possibly represent a segment of
the middle to distal tail.

Osteoderms. Osteoderms are preserved in articulated para-
sagittally arranged rows within multiple blocks (BGS GSM
91081, 91085–6, 91072–4, 91077; Figs 2, 11). Each vertebra of
the caudal series is associated with two rows of thin osteoderms
per side (a paramedian and lateral row per side; Fig. 11E, L–O).
The dorsal surface of each osteoderm is conspicuously

ornamented with pits and grooves, but the ventral surface is
smooth. The paramedian osteoderms are approximately square
in shape (only slightly longer than wide), with a visible keel
along the midline that is also the hinge of a weak mediolateral
curvature (Fig. 11N–O; see Discussion). The lateral osteoderms
are narrower, rectangular and their lateral edge is irregular; they
are also smaller and, in contrast to the paramedian osteoderms,
they are flat and lack a clear longitudinal keel (Fig. 11L–M). Suc-
cessive rows of paramedian osteoderms are imbricated, with the
anterior margin of each osteoderm being minimally covered by
the posterior margin of the previous one. Based on the combined
number of osteoderm rows and the one-to-one association with
vertebrae of the caudal region, the tail would comprise at least
20 vertebrae. There is no indication of appendicular osteoderms,
although, if present, they might be too small to be detected in the
μCT scans.

2.3.4. Forelimb. The only trace of a possible humerus, as
noted by Walker (1964), is preserved on the surface of BGS
GSM91081 and 91085, but is not clearly visible in the μCT data-
sets. Considering its poor state of preservation, it is not possible
to comment further on its morphology.

A long and thin element, presumably the radius or ulna, is pre-
sent in BGSGSM91074 and 91077, lateral to the ribs and osteo-
derms. No further anatomical details are available (Fig. 2).

2.3.5. Pelvic girdle and hind limb. A putative pelvic girdle
element is present at the end of the partial vertebral column seg-
ment in BGSGSM 91073–5 and 91086. Parts of both hind limbs
are partially exposed in association, with a series of dorsal/cau-
dal osteoderms, and the moulds of the centra of a few vertebrae
in BGS GSM 91081. The pelvic girdle elements are so fragmen-
tary that it is impossible to comment further on their
morphology.

Pelvic girdle.A fragment of what could be the proximal end of
the pubis with an obturator foramen is present in BGS GSM
91072 (Fig. 12).

Femur. Two femoral fragments are partially exposed on the
surface of BGS GSM 91081 (Figs 1–2, 13). Neither is complete
and both are missing the epiphyses and parts of their shafts. They
are both partially exposed in lateral view. The following descrip-
tion is based on the right femur, which is missing only the fem-
oral head and distal condyles (Fig. 13A–H). The femur has a
weakly sigmoidal outline (Fig. 13B, D). The lateral surface of
the shaft is smooth. The femur bears no trace of a trochanteric
shelf (possible attachment for the M. iliofemoralis in Erythrosu-
chus africanus and inMandasuchus tanyauchen amongst pseudo-
suchian archosaurs and dinosauriforms; Gower 2003; Nesbitt

Figure 14 Leptopleuron lacertinum bones and indeterminate elements in BGS GSM 91072–82, 91085–6 blocks. (A) Leptopleuron lacertinum, BGS
GSM Elgin P, right dentary and maxilla and bicuspid teeth in lateral view; (B, C) skull roof of L. lacertinum, BGS GSM Elgin P in (B) dorsal and
(C) lateral view; (D, E) radius and ulna of indeterminate taxon in BGS GSM 91074 + 91077; (E) humerus of indeterminate taxon in BGS GSM
91078; (F) humerus of indeterminate taxon in BGS GSM 91074 + 91077. Abbreviations: den = dentary; Dn = nth dentary tooth; dpc = deltopectoral
crest; hh = humeral head; Mn= nth maxillary tooth; mx =maxilla; ot = orbito-temporal fossa; ra = radius; ul = ulna Scale bar = 10mm.
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2011; Butler et al. 2018). Conversely, the attachment for the
M. caudofemoralis group ( = fourth trochanter) is clearly
exposed on the medial (ventral) side of the femur (Fig. 13D:
4t) and trends parallel to the long axis of the bone. This crest
is low, distinctly separated from the proximal head and is not
associated with an intertrochanteric fossa. These latter features
are similar to pseudosuchian archosaurs, which also have a
mound-like and symmetrical trochanter (as also in non-
archosaurian archosauriforms), as opposed to the morphologies
(trochanter is absent or present as a sharp flange) present in ave-
metatarsalian archosaurs (Langer & Benton 2006; Nesbitt 2011;
Ezcurra 2016). The femur of BGS GSM Elgin A is unusually
thin-walled, with a thickness/diameter ratio of ∼0.225 (Ch.
508–1), which is rare, but not unique amongst pseudosuchian
archosaurs (e.g., Effigia, Arizonasaurus, Poposaurus and
Terrestrisuchus; see Nesbitt 2007, 2011; Schachner et al. 2020)
(see Discussion). Although incomplete, the preserved distal
end hints that the fibular condyle had a rounded cross-section
and was distinctly larger than the tibial condyle, as in most
archosauriforms (Fig. 13H). A small groove, identified here
as the anterior extensor groove, is present as a small concavity
limited to the most distal part of the anterior surface of the
bone (Fig. 13B, G).

Tibia. The tibia is closely associated with the left femur, fibula
and the moulds of three metatarsals. Of the two bones associated
with the femur, we identify the larger one as the tibia (Figs 2,
13I–L). The left tibia is a slender bonemissing the distal and prox-
imal ends (Fig. 14A–D). It is completely embedded in BGS GSM
91081 so that it is only revealed by μCTscans (Figs 1, 2, 13I–L). Its
total preserved length (28.3mm) makes it shorter than the pre-
served length of the right femur (33.6mm), even accounting for
the missing ends. The estimated length is difficult to assess, but
the life position of the bones in the matrix hint that the complete
femurwould be longer than the complete tibia. The femur is longer
than the tibia (or fibula) in non-archosaurian archosauriforms,
pseudosuchian archosaurs, herrerasaurids and post-Carnian saur-
opodomorphs (Müller et al. 2018). The lateral surface of the bone
is smooth and lacks a clearly defined fibular crest. The shaft is sub-
circular in cross-section.

Fibula. The left fibula is associated with the other bones of the
left hind limb in approximate life position. It is missing the distal
and proximal ends (Fig. 13M–R) but appears to have been trans-
versely compressed. Its width at mid-length is distinctively less
than that of the tibia, as in most archosauromorphs except Tany-
stropheus longobardicus (Ezcurra 2016). The attachment of the
M. iliofibularis is located on the proximal third of the bone
and is visible as a small flattened surface (Fig. 13O: M. I).
This condition contrasts with the well-developed tubercle posi-
tioned approximately at the midshaft that is present in phyto-
saurs, ornithosuchids and aetosaurs (Sereno 1991; Parrish
1993; Nesbitt 2011).

Foot. The moulds of three undetermined metatarsals are pre-
served between BGSGSM 91081 and BGSGSM91080, close to
the distal end of tibia and fibula (Figs 2, 14K). Little can be said
about them other than they are unfused, considerably shorter
than both the tibia and fibula (approximate maximum length
of the longest element is ∼14.5 mm), and, thus, are not as elon-
gated as those of most avemetatarsalian archosaurs (Sereno
1991; Nesbitt 2011).

2.4. BGS GSM Elgin P and indeterminate bones in BGS
GSM 91072–82, 91085–6
Within the blocks of BGS GSM 91072–82, 91085–6 there are
several bones that cannot be assigned to the unnamed pseudosu-
chian (BGS GSM Elgin A). We refrain from referring these
bones to BGS GSM Elgin A due to differences in anatomical

features, size, textures and location (they are scattered away
from the main cluster of that skeleton). Furthermore, these
bones are in some cases easily identifiable as representing
another taxon.

BGS GSM 91072–81, 91085–6 contains a previously
unknown specimen of the procolophonid Leptopleuron lacerti-
num. A handful of bones embedded in BGS GSM 91074–78
are identified as damaged cranial elements (dentary, partial
anterior snout with teeth and a skull roof; Fig. 14A–C), ribs
and other unidentifiable fragments, all belonging to the same
individual (BGS GSM Elgin P). The dentary and maxilla
show features diagnostic of Procolophonidae, and specifically
L. lacertinum, which is known from the same age and locations
(Säilä 2010). These features include: frontal narrow between
the orbitotemporal openings; bicusped, labiolingually wide
maxillary teeth (with the two cusps linked by a sharp ridge);
and maxillary tooth (M2) larger than maxillary tooth 1 (M1)
(Säilä 2010; Zaher et al. 2019) (Fig. 14).

Potentially belonging to this specimen (BGS GSM Elgin P)
are two closely associated long bones (radius and ulna) in BGS
GSM 91077, 91074. Unfortunately, and similar to most of the
other long bones in BGS GSM 91072–81, 91085–6, the epiphy-
ses are poorly preserved, so only limited information is available
(Fig. 14D, E).

Finally, two additional bones, not belonging to either BGS
GSM Elgin A or L, are tentatively identified here as humeri.
The first lies within BGS GSM 91076+78, but is separate from
the BGS GSM Elgin A bone cluster. Whereas this humerus is
missing its distal end, its proximal end is intact, with a visible
rounded head (Fig. 14E). The second putative humerus is con-
siderably smaller, with a well-developed deltopectoral crest
(Fig. 14F). These apparently underwhelming bones are not
clearly referable to any of the known Elgin reptiles. This suggests
that they may belong to previously unrecognised taxa in the
assemblage, hinting at an underappreciated diversity in the
LSF late deposits.

3. Discussion

3.1. Comparisons of BGS GSM Elgin Awith other
archosaurs
The μCT scans reveal a combination of features (e.g., osteo-
derms, femur/tibia proportions, presence of a low fourth tro-
chanter) that indicate that BGS GSM Elgin A is a
pseudosuchian archosaur (Nesbitt 2011). However, this new
information falsifies the original proposal that the specimen is
referable to Ornithosuchus woodwardi (Walker 1964). In the fol-
lowing, we discuss how the BGS GSM Elgin A skeleton differs
from Ornithosuchus and other known ornithosuchids, and dis-
cuss the phylogenetic distribution of key characteristics (from
our phylogenetic dataset) of BGS GSM Elgin Awithin Archo-
sauriformes, with a particular emphasis on those widespread in
Archosauria and Pseudosuchia:

• Horizontally oriented premaxilla (Ch. 29–0) bearing four pre-
maxillary teeth (Ch. 42–2) that occupy the entire length of the
premaxilla (Ch. 26–0) (Fig. 15C–E). This condition differs
from O. woodwardi and other ornithosuchids, which have a
downturned premaxilla, with three teeth that are separated
from the maxilla by a large subnarial gap and a diastema
equal to two tooth positions in length (Ch. 13–1 in Nesbitt
2011) (Fig. 15A). This combination of character states also
allows us to distinguish BGSGSMElgin A from the following
clades: (a) Phytosauria, which have a higher tooth count,
extremely elongated premaxillary body and external nares
that are oriented dorsally and retracted along the snout
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(Stocker & Butler 2013; Stocker et al. 2017; Jones & Butler
2018); (b) Aetosauria, which have an edentulous anterior pre-
maxilla, long premaxillary body (Fig. 15B) and higher tooth
count (except, perhaps, for Stagonolepis and Aetosaurus ferra-
tus) (Desojo et al. 2013; Parker 2018); (c) Crocodylomorpha,
which have a subnarial gap to receive an enlarged dentary
tooth (Nesbitt 2011); and (d) Gracilisuchidae (Butler et al.
2014), which have three premaxillary teeth (e.g., Gracilisucus
–MCZ 4117). However, the combination of premaxillary fea-
tures seen in BGS GSM Elgin A is not unique among pseudo-
suchians and can be also found in erpetosuchids (Fig. 16C–E)
and some ‘rauisuchians’ (e.g., Postosuchus kirkpatricki; Batra-
chotomus kupferzellensis – SMNS 80260; Nesbitt 2011; Wein-
baum 2011; Nesbitt et al. 2013; Tolchard et al. 2019).

• The jugal posterior process lies ventral to the quadratojugal
(Ch. 105–1) and reaches past the posterior end of the infratem-
poral fenestra (Ch. 106–1) (Fig. 15C–E). In the ornithosuchids
Ornithosuchus andRiojasuchus, the jugal posterior process lies
dorsal to the quadratojugal and does not reach the posterior

margin of the infratemporal fenestra (Fig. 15A). Within Arch-
osauriformes, the character states present in BGS GSM Elgin
A are shared with Erpetosuchidae (Figs 5, 15C–E), Crocody-
lomorpha, Phytosauria (except Diandongosuchus fuyuanensis)
(Nesbitt 2011; Stocker et al. 2017) and, among ‘rauisuchians’,
with B. kupferzellensis (SMNS 80260) and P. kirkpatricki
(TTU-P 9000) (Gower 1999; Nesbitt 2011; Weinbaum 2011;
Nesbitt et al. 2013).

• The dorsal process ( = ascending process) of the quadratojugal
is strongly anteriorly inclined at an acute angle (equal to or less
than ∼40–45°) from the horizontal plane (Ch. 636–1)
(Fig. 15). BGS GSM Elgin A shares this character state with
some members of Ornithosuchidae (e.g., O. woodwardi and
Riojasuchus tenuisceps, but notVenaticosuchus rusconi; Walker
1964; Von Baczko & Ezcurra 2013, 2016; Von Bazcko et al.
2014, 2018). However, it is worth noting that this feature is a
putative synapomorphy shared between Ornithosuchidae
and Erpetosuchidae, and is one of the character states that
has united these lineages into a clade in recent analyses (see

Figure 16 Phylogenetic tree of Pseudosuchia. Comparisons of the strict consensus obtained in this study (left) andMüller et al. (2020). Note the change
of the position of Phytosauria and Nundasuchus songaensis and the loss of definition at the base of Pseudosuchia in this study. Numbers indicate Bremer
support values above one.

Figure 15 Comparisons of the anterior snout (top row) and jugal–quadratojugal of selected pseudosuchians. (A) Ornithosuchus woodwardi (modified
fromWalker 1964); (B) Stagonolepis robertsoni (redrawn and modified fromDesojo et al. 2013); (C) Tarjadia ruthae (redrawn and modified from Ezcurra
et al. 2017); (D) Erpetosuchus granti (redrawn and modified from Benton &Walker 2002); (E) Erpetosuchidae indet., BGSGSMElgin A. Note the small
size of the premaxilla relative to the quadrate in the depicted erpetosuchids. Abbreviations: en = external naris; j = jugal; ltf = lower temporal fenestra; mx
=maxilla; na = nasal; or = orbit; pmx = premaxilla; qj = quadratojugal; stf = supratemporal fenestra. Scale bars = 10mm.
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Von Baczko &Desojo 2016; Ezcurra et al. 2017; Lacerda et al.
2018) (Fig. 15A, C–E). The majority of other archosauriform
groups (including ‘rauisuchians’ and Crocodylomorpha)
either have a vertical or only marginally anteriorly inclined
process, except aetosaurs (e.g., Stagonolepis robertsoni), in
which the anterior process of the quadratojugal is posteriorly
inclined (Desojo et al. 2013) (Fig. 15B).

• Extended surangular shelf (Ch. 286–3). Although small, the
only surangular fragment found in BGSGSMElginA demon-
strates that it had a strongly laterally extended surangular shelf
(Fig. 9). This character state is present in both Ornithosuchi-
dae and Erpetosuchidae (Ezcurra 2016; Von Baczko &
Ezcurra 2016; Ezcurra et al. 2017), but also Erythrosuchidae
(Butler et al. 2019a) and Proterochampsidae (Dilkes &Arcucci
2012).

• Osteoderms are densely ornamented (Ch. 589–1), have a lon-
gitudinal keel (on paramedian osteoderms, Ch. 591–1) and
are longitudinally curved (Ch. 598–1) (Fig. 11E, L–O). The
osteoderms of BGS GSM Elgin A share these features with
other erpetosuchids (Benton &Walker 2002; Nesbitt & Butler
2013; Ezcurra et al. 2017). By contrast, the osteoderms of
O. woodwardi have a longitudinal keel, are weakly sculptured
and flat (Walker 1964; Von Baczko & Ezcurra 2016).

• Fibula: position of the attachment of the M. iliofibularis (Ch.
530–0) (Fig. 13O). The low platform for the attachment of the
M. iliofibularis is located near the proximal end of the fibula in
BGS GSM Elgin A, the erpetosuchid Parringtonia gracilis
(NMT RB28), Gracilisuchus and Mandasuchus, whereas it is
located at midshaft or closer to midshaft in phytosaurs,
ornithosuchids and most ‘rauisuchians’ (Nesbitt 2011; Butler
et al. 2018).

The combination of features present in BGS GSM Elgin A is
inconsistent with its original identification as Ornithosuchus
(Walker 1964), but also unambiguously distinguish it from
other ornithosuchids, phytosaurs, aetosaurs ‘rauisuchians’ and
crocodylomorphs. However, even though BGS GSM Elgin A
is missing some of the bones that possess the most typical syn-
apomorphies of Erpetosuchidae (e.g., maxilla: alveolar margin
of the maxilla restricted to the anterior half of the bone), it pos-
sesses a combination of features in the cranial (premaxilla,
frontal, quadrate/quadratojugal) and postcranial skeleton (hind
limbs and osteoderms) that are unique to Erpetosuchidae.
These are: four premaxillary teeth, evenly distributed along the
alveolar margin (absence of subnarial gap); strongly ornamented
frontal; posterior process of the jugal that reaches close to the
quadrate condyles (posterior to the lower temporal fenestra cau-
dal margin), and articulates ventral to the quadratojugal anterior
process; strongly anteriorly inclined quadrate axis/quadratojugal
anterior process (<45°); and four rows of strongly ornamented
osteoderms per vertebral segment (two per side).

There are, however, also significant differences between BGS
GSM Elgin A and other known erpetosuchids, including the
sympatric Erpetosuchus granti. These include:

• The presence of a foramen on the lateral surface of the premax-
illa between P1 and P2, the markedly triangular external nares
and the ‘step-shaped’ posterodorsal process of the premaxilla)
(all represent potential autapomorphies within Erpetosuchi-
dae) (Fig. 6). These features of BGS GSM Elgin A are previ-
ously unreported inE. granti (although this may be also due to
the lackof details in the holotype moulds) or any other erpeto-
suchid (Fig. 15D). However, a foramen above P1/P2 is present
in specimens ofParringtonia and it is unclear whetherTarjadia
also has one. Additionally, in BGS GSM Elgin A the palatal
process of the premaxilla is concave posteriorly (Fig. 6F), as

opposed to straight in E. granti (NHMUKPVR3139; Benton
& Walker 2002).

• Unfused frontals and contact with the parietal (Ch.112–0 and
Ch.116–2) (Fig. 6H–S). Similar to Tarjadia ruthae and Par-
ringtonia gracilis, the frontals of BGS GSM Elgin A are
unfused along the midline (see Ezcurra et al. 2017). Benton
& Walker (2002) reported that the frontals are fused in E.
granti, but we could not confidently confirm this in our exam-
ination of the specimen. The frontals also have a complex
interdigitating contact with the parietal (rather than the simple
or weakly concave contact seen in all other erpetosuchids)
(Benton & Walker 2002; Ezcurra et al. 2017; Nesbitt et al.
2018). Furthermore, their shape differs from E. granti in that
they are relatively short and have a simple anterior contact
with the nasal. Finally, the posterolateral corner of the frontal
in BGS GSM Elgin A has an articular surface for the post-
frontal (or postorbital) (Fig. 6H–J). This condition is seen in
all erpetosuchids, except E. granti (NHMUK PV R3139), in
which the postfrontal is considered to be absent (fused with
the frontal; Benton &Walker 2002). However, it is noteworthy
that fine details such as the sutures are hard to see in any of the
moulds of any Elgin specimen.

• Frontals in ventral view (Ch. 121–1) (Fig. 6L, Q). The crista
cranii that separate the orbits from the olfactory bulbs and
cerebrum structures are well-developed, and tall ridges delimit
the constricted the olfactory tract canal. This feature differs
from the low crests seen in P. gracilis (Nesbitt et al. 2018).
However, these are the only two erpetosuchids where this con-
dition can be assessed confidently.

• Foramen on the posterior surface of the quadratojugal (poten-
tial autapomorphy) (Fig. 8). BGSGSMElginA has a foramen
on the posterior body of the quadratojugal, which is not pre-
sent in any other erpetosuchid with a preserved quadratojugal
(see Erpetosuchus sp. in Fig. 5). This feature is, to our knowl-
edge, unreported in any other pseudosuchian.

• Ectopterygoid (Figs 5E, F, 9A–F). The ectopterygoid of BGS
GSMElgin A is unlike those of most archosauriforms in lack-
ing a strong curvature. Within erpetosuchids, the ectoptery-
goid is well preserved and strongly curved in Erpetosuchus
sp. (AMNH 29300) (Fig. 5).

• Lackof spine table (potential autapomorphy within Erpetosu-
chidae) (Fig. 11). All of the available vertebrae of BGS GSM
ElginA (middle and distal caudals) lack the characteristic con-
cave spine tables that are present in other erpetosuchids (e.g.,
E. granti,P. gracilis,T. ruthae) (Figs 2, 3) (see Benton&Walker
2002; Nesbitt & Butler 2013; Ezcurra et al. 2017). Note that
this character is normally assessed on the cervical and dorsal
vertebrae, whereas the only available vertebrae in BGS GSM
Elgin A are caudals. Furthermore, caution is warranted
because NMS G.1992.37.1 shows that E. granti has spine
tables only on the cervical and anterior dorsal series (Figs 2,
3). This contrasts with P. gracilis and T. ruthae, which have a
well-developed spine table on the available anterior caudal ver-
tebrae (see Nesbitt & Butler 2013; Ezcurra et al. 2017), sug-
gesting that this feature extends posterior to the dorsal
vertebrae. Thus, it is possible that the lack of spine tables in
dorsal (middle and posterior) and caudal vertebrae charac-
terises BGS GSM Elgin A and E. granti, although this
needs to be confirmed in more complete specimens.

• Shape and thickness of the osteoderms (Ch. 595–1 and Ch.
592–1) (potential autapomorphy within Erpetosuchidae)
(Fig. 11L–O). The paramedian osteoderms of BGS GSM
Elgin A are slightly longer than wide, as in P. gracilis
(NHMUK PV R8646) and E. granti (NHMUK PV R3139),
unlike the condition in T. ruthae, Archeopelta arborensis,
Pagosvenator candelariensis and other specimens referred to
P. gracilis (NMT RB426, NMT RB28), which either have
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square or wider-than-long osteoderms (Benton & Walker
2002; Nesbitt & Butler 2013; Ezcurra et al. 2017; Lacerda
et al. 2018). The osteoderms of BGSGSMElgin A are notably
thin (Fig. 11N–O), contrasting with the thicker osteoderms of
other erpetosuchids (although this may be due to the smaller
body size of BGSGSMElgin A compared to most other erpe-
tosuchids except Erpetosuchus and Dyoplax arenaceous)
(Lucas et al. 1998; Benton & Walker 2002; Maisch et al.
2013). Their positions (e.g., alignment relative to the vertebral
column, imbrication) and ornamentation are similar to those
of other erpetosuchids.

• Thin-walled femur (Ch. 508–1) (potential autapomorphy
within Erpetosuchidae). Perhaps linkedwith its gracile morph-
ology (shared with E. granti and, likely, P. gracilis, but not T.
ruthae), the femora of BGS GSM Elgin A is uniquely thin-
walled (thickness/diameter ratio <0.3 at the midshaft). This
is thinner than in the femora of P. gracilis (NMT RB28,
NMT RB426) and T. ruthae.

3.2. Results of the phylogenetic analyses
Our phylogenetic analysis found 110 MPTs with lengths of 3410
steps, consistency index = 0.256 and retention index = 0.636.
BGS GSM Elgin A is recovered within Erpetosuchidae, closely
related to Erpetosuchus and Parringtonia (Fig. 16; supplementary
Fig. S2). Overall, Erpetosuchidae is supported by one unambigu-
ous (present in all MPTs) and 22 ambiguous (not shared in all
MPTs) synapomorphies, five of which can be scored in BGS
GSMElgin A: (1) prominent ornamentation of the dorsal surface
of the skull (frontal) (Ch. 5: 1→2); (2) orbital margin of the frontal
is slightly raised above the skull table (Ch. 7: 0→1); (3) multiple
rows of dorsal osteoderms (Ch. 588: 2→3) – reversed to state 2
in BGS GSM Elgin A; (4) strongly ornamented osteoderms
(Ch. 589: 0→1); (5) thick paramedian osteoderms (Ch. 592:
0→1) – reversed to state 0 in Parringtonia, Erpetosuchus and
BGS GSM Elgin A. The relationships within Erpetosuchidae
are largely consistent, although weaker (see Bremer values in
Fig. 16 and supplementary Fig. S2) with those recovered in previ-
ous iterations of the phylogenetic dataset: erpetosuchids are
divided into two clades (Pagosvenator candelariensis (Tarjadia
ruthae +Archeopelta arborensis)) and (Erpetosuchus+Parringto-
nia) (Müller et al. 2020). However, these groups are in a polytomy
with Dyoplax arenaceous, differing from the results of Ezcurra
et al. (2017) andMüller et al. (2020), both of which foundD. aren-
aceous to be the earliest diverging erpetosuchid. BGS GSM Elgin
A is in a polytomy with specimens of Erpetosuchus spp. and Par-
ringtonia gracilis (holotype: NHMUK PV R8646, NMT RB28,
NMT RB426) (Fig. 16; supplementary Fig. S2).

As in other recent studies, Erpetosuchidae is recovered as the
sister taxon to Ornithosuchidae (Von Baczko & Desojo 2016;
Ezcurra et al. 2017; Lacerda et al. 2018; Müller et al. 2020) in
a clade supported by six unambiguous and nine ambiguous syn-
apomorphies. However, unlike these other studies, the relation-
ships of this clade with others in Pseudosuchia are unclear.
Specifically, whereas we recovered other historically well-
established clades such as Phytosauria, Aetosauria, Gracilisuchi-
dae, Poposauroidea and Rauisuchidae (the latter in a poorly
defined suchian clade with paracrocodylomorphs), all of these
clades are found in an unresolved polytomy with Nundasuchus
songeaensis and Ornithosuchidae + Erpetosuchidae. Note that
the support for these clades remains moderate to high (Bremer
support ranging from 2 to 5) when they are considered individu-
ally (supplementary Fig. S2), meaning that the changes in our
datasets affected only their relative positions within Pseudosu-
chia. The monophyly of Pseudosuchia is supported by six unam-
biguous and 14 ambiguous synapomorphies (see Supplementary
material) and the clade has a Bremer support of 2.

The poor resolution in this area of the tree is not entirely sur-
prising given the historical low support for relationships at the
base of Pseudosuchia (Fig. 16; supplementary Fig. S2) (Nesbitt
2011; Irmis et al. 2013; Ezcurra 2016; Ezcurra et al. 2017; Müller
et al. 2020). The addition of the new terminal taxa may havewea-
kened support by introducing a series of issues into the analyses
including: polarity, which is aggravated by the limited taxonomic
sampling of some lineages (e.g., Suchia, Paracrocodylomorpha,
Crocodylomorpha); character conflicts introduced with the
updated scores of old and new operational taxonomic units (par-
ticularly in postcranial characters); and high homoplasy amongst
pseudosuchian lineages. We suggest that the inclusion of more
complete paracrocodylomorph and crocodylomorph terminal
taxa and the addition of novel characters – as outlined for Croco-
dylomorphaby Irmis et al. (2013) –would help to resolve the rela-
tionships of well-established groups within Pseudosuchia.

3.3. Erpetosuchidae indet., Erpetosuchus granti or a new
species?
As shown above, BGS GSM Elgin A shares synapomorphies
with Erpetosuchidae and E. granti, but also differs from other
erpetosuchids and therefore could potentially represent a new
species. Specifically, BGS GSM Elgin A differs from other erpe-
tosuchids in having: a large foramen on the lateral side of the pre-
maxilla between P1/P2 (also present in Parringtonia gracilis and
potentially inTarjadia ruthae; other erpetosuchids are too poorly
preserved to verify this character); a ‘step-shaped’ posterior edge
of the premaxilla in lateral view, with the posterior margin of the
premaxilla anterior to the posteroventral corner of the external
nares; external nares that are triangular in shape; a straight
body of the ectopterygoid; a foramen on the occipital surface
of the quadratojugal; an unusually thin femoral wall (transverse
thickness of bone wall/femoral diameter <0.3); thin osteoderms
(shared with E. granti and P. gracilis); and neural spines of the
caudal vertebrae that lack spine tables (potentially shared with
E. granti). BGS GSM Elgin A is considerably smaller than Tar-
jadia, Parringtonia and Pagosvenator, and is comparable in size
only with Dyoplax and other Erpetosuchus specimens
(Fig. 17). Nevertheless, we refrain from assigning BGS GSM
Elgin A to E. granti or erecting a new taxon because the limited
overlap between BGS GSM Elgin A and the specimens referred
to Erpetosuchus prevents us from fully comparing these
specimens.

Unfortunately, most of putative autapomorphies of BGS
GSMElgin A are lost or impossible to assess in coeval specimens
of E. granti (Fig. 17A–D). Indeed, BGS GSM Elgin A and all
known specimens of E. granti have very few elements in common
(predominantly cranial), and even these are difficult to compare
due to differential preservation. Whereas BGS GSM Elgin A
comprises disarticulated cranial bones, a posterior vertebral col-
umn and hind limb material, only portions of the anterior skele-
tons of E. granti (NHMUK PV R3139 and NMS G.1992.37.1)
are known (e.g., complete articulated skull, forelimbs, cervical
and anterior-to-middle dorsal vertebrae, and associated osteo-
derms) – note also that the dorsal vertebrae of NMS
G.1966.43.4 are damaged so that their neural spines are not pre-
served. To complicate the matter, the only known cranial mater-
ial of E. granti is preserved in the type specimen (NHMUK PV
R3139) as the mould of an articulated skull, along with the cer-
vical series, pectoral girdle and hindlimbs. Thus, the only way to
study this specimen is through casts (see Benton &Walker 2002),
in which the surface details (including sutures and ornamenta-
tion) are often lost or difficult to interpret (even in first-
generation casts).

On the basis of our proposed diagnosis ofE. granti, BGSGSM
Elgin A differs from E. granti in both of the character states for
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which the specimens can be assessed. Specifically: (1) the angle
between the alveolar margin and the anterior margin of the pre-
maxilla in lateral view is acute in BGS GSM Elgin A and obtuse
in E. granti; and (2) the paramedian osteoderms of E. granti have
an unornamented anterior lamina that is absent in the osteo-
derms of BGS GSM Elgin A. However, as previously reported,
the neural arches of the caudal vertebrae of BGS GSM Elgin
A lack spine tables – a feature that might unite it with E. granti,
but that cannot be confirmed in the absence of more complete
specimens.

The CT scans of Erpetosuchus sp. (AMNH 29300) are also
of limited use. The elements common to both BGS GSM
Elgin A and AMNH 29300 (quadratojugal, ectopterygoid,
surangular shelf) are very similar and, if informative, they
are not diagnostic below the family level (Figs 5, 8, 10, 11,
15). The only differences we notice are that the curvature of
the ectopterygoid in BGS GSM Elgin A is less pronounced
than that of AMNH 29300, and the foramen on the quadra-
tojugal of BGS GSM Elgin A is absent in AMNH 29300
(compare Figs 5G–H, 8).

Overall, the series of features that distinguish BGSGSMElgin
A from other taxa (e.g., P1/P2 foramen; the shape of the poster-
odorsal process of the premaxilla; the shape of the external nares;
unfused frontals; suture and ornamentation of the frontal; the
curvature of the ectopterygoid) are unfortunately missing or
inaccessible in other specimens referred to Erpetosuchus. Thus,
we find the previously discussed verifiable differences and simi-
larities insufficient to conclusively prove that BGS GSM Elgin

A distinct from Erpetosuchus granti. Nevertheless, it is useful
to summarise the two possible options:

(a) BGS GSM Elgin A is a new species. In this case, the differ-
ences noted between BGS GSM Elgin A and Erpetosuchus
specimens are not simply expressions of intraspecific vari-
ation. This might hint at a higher diversity for the Lossie-
mouth Sandstone reptile assemblage than previously
realised. Moreover, it would represent the first example of
two sympatric erpetosuchids, perhaps indicating niche
partitioning.

(b) Alternatively, BGS GSMElgin A is referable to E. granti. In
this case, the unique features of BGS GSM Elgin Awould
represent individual variation within E. granti or perhaps
the expression of an earlier ontogenetic stage or features of
the taxon that are not visible in other specimens lacking
these elements. One line of evidence that points towards
BGS GSM Elgin A being sub-adult comes from the impres-
sions left by the brain on the frontal (Fig. 6I). In living cro-
codylian species, there is a close relationship between the
brain and skull roof in early ontogeny, with lengthening
and separation of the olfactory lobes from the rest of the
cerebrum during early adulthood (Jirak & Janacek 2017).
Adult crocodylian brain cavity endocasts largely represent
the dural cavity (Witmer et al. 2008), and lack the impression
of the bony ridge that records the position of the interhemi-
spheric fissure. Since BGS GSM Elgin A exhibits clear sep-
aration of the telencephalic fossa and an elongate olfactory
tract, it seems likely that the individual was neither a young
juvenile nor fully adult. However, since adult retention of a
paedomorphic condition is also possible, this evidence
remains inconclusive. If this were confirmed by any further
discoveries in the future, the putative autapomorphies of
BGS GSM Elgin A could help to refine the diagnosis of
Erpetosuchus.

These questions can only be answered with the discovery of
better-preserved specimens with elements shared in common
with the currently known specimens of Erpetosuchus and BGS
GSM Elgin A.

4. Conclusions

We present a revision of some of the erpetosuchid material from
the LSF using μCTscans. This work includes the first description
of the fossil content of BGS GSM 91072–81, 91085–6. We show
that numerous bones belonging to at least two different species
are hidden therein. The original identification of one of these ske-
letons (BGS GSM Elgin A) as Ornithosuchus is rejected, and we
show, instead, that it is a gracile, small-bodied (perhaps juvenile)
erpetosuchid. Detailed osteological comparisons between BGS
GSM Elgin A and the coeval Erpetosuchus granti reveal strong
similarities, but also some crucial differences. In addition, we
provide new descriptive information for E. granti based on new
μCT scans of a referred specimen. This work revealed previously
unknown characteristics of the forelimb and allowed us to pro-
pose an updated diagnosis for E. granti. Our phylogenetic ana-
lysis suggests that BGS GSM Elgin A is closely related to
Erpetosuchus but does not clarify whether or not it represents a
new taxon, an issue exacerbated by the lack of anatomical over-
lap between key specimens. Under these circumstances, the evi-
dence is insufficient to choose between the competing
hypotheses that BGS GSM Elgin A is either a small or juvenile
E. granti, or a new taxon. Nevertheless, we identified a numberof
potentially diagnostic features for BGS GSM Elgin A in the
hope that they could be used as a guide to clarify the

Figure 17 Skeletal reconstructions showing preserved bones in BGS
GSM Elgin A and specimens referred to Erpetosuchus, and size compar-
isons with other erpetosuchids. (A) Erpetosuchus granti, NHMUK PV
R3139; (B) E. granti, NMS G.1992.37.1; (C) Erpetosuchus sp. AMNH
29300; (D) Erpetosuchidae indet, BGS GSM Elgin A; (E) Tarjadia
ruthae; (F) Pagosvenator candelariensis; (G) Parringtonia gracilis; (H)
Dyoplax arenaceous. Silhouettes in (E–G), modified from Ezcurra
et al. (2017). Scale bar = 5 cm.
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relationships of BGSGSMElgin A andErpetosuchus in the light
of future discoveries.

The second specimen (BGS GSM Elgin P) included in these
blocks is a new specimen of the procolophonid parareptile Lep-
topleuron lacertinum. The significance of the fossil content of the
BGS GSM 91072–81, 91085–6, therefore, goes beyond their
taxonomic and systematic importance. By identifying these
‘new’ specimens in historical material, our study suggests that
the richness of the ‘Elgin reptile fauna’might have been seriously
underestimated. It is possible that – concealed within collections
and the few active exposures – similar remains are more common
than previously thought.

Finally, our study demonstrates that μCT scanning techniques
are an invaluable tool for extracting new and heretofore inaccess-
ible data from small-to-medium-sized Elgin specimens regard-
less of their preservation and preparation history.

5. Data availability

All 3D models and μCT datasets used in this studied were
uploaded to Morphosource (https://www.morphosource.org/)
and can be freely accessed at [https://www.morphosource.org/
MyProjects/Dashboard/dashboard/select_project_id/1115]
(Davis et al. 2017).

6. Supplementary material

Supplementary material is available online at https://doi.org/10.
1017/S1755691020000109
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