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ARTICLE

A NEW EARLY DIVERGING THALATTOSUCHIAN (CROCODYLOMORPHA) FROM THE
EARLY JURASSIC (PLIENSBACHIAN) OF DORSET, U.K. AND IMPLICATIONS FOR THE

ORIGIN AND EVOLUTION OF THE GROUP

ERIC W. WILBERG, *,1 PEDRO L. GODOY, 1,2,3 ELIZABETH F. GRIFFITHS,4 ALAN H. TURNER,1 and
ROGER B. J. BENSON 4

1Department of Anatomical Sciences, Stony Brook University, Stony Brook, New York 11794, U.S.A., eric.wilberg@stonybrook.edu;
2Department of Biology, University of São Paulo, Ribeirão Preto, São Paulo, 14040-901, Brazil, pedrolorenagodoy@gmail.com;

3Department of Zoology, Federal University of Paraná, Curitiba, Paraná 81531-980, Brazil;
4Department of Earth Sciences, University of Oxford, Oxford OX1 3AN, U.K.

ABSTRACT—Among archosaurs, thalattosuchian crocodylomorphs experienced the most extensive adaptations to the
marine realm. Despite significant attention, the phylogenetic position of the group remains uncertain. Thalattosuchians
are either the sister-group to Crocodyliformes, basal mesoeucrocodylians, or nest among longirostrine neosuchians. The
earliest definite thalattosuchians are Toarcian, and already possess many synapomorphies of the group. All phylogenetic
hypotheses imply a ghost lineage extending at least to the Sinemurian, and a lack of older or more plesiomorphic forms
may contribute to the uncertain phylogenetic placement of the group. Here we describe a new species, Turnersuchus
hingleyae, gen. et sp. nov., from the early Pliensbachian Belemnite Marl Member of the Charmouth Mudstone Formation
(Dorset, U.K.). The specimen includes partially articulated cranial, mandibular, axial, and appendicular elements. It can
be attributed to Thalattosuchia based on the following features: distinct fossa on the posterolateral corner of the
squamosal; broad ventrolateral process of the otoccipital covering the dorsal surface of the quadrate; large supratemporal
fenestrae lacking a flattened skull table; broadly exposed prootic; orbital process of quadrate lacking bony attachment
with the braincase. This specimen represents the earliest thalattosuchian currently known from diagnostic material.
Phylogenetic analyses of two published datasets recover Turnersuchus as the earliest diverging thalattosuchian, and sister
to Teleosauroidea +Metriorhynchoidea. Bayesian tip-dating analyses suggest a Rhaetian or Sinemurian divergence of
Thalattosuchia from other crocodylomorphs, depending on topology, with confidence intervals spanning from the Norian
to the Pliensbachian. The new specimen extends the fossil record of Thalattosuchia, but the time-scaling analyses
demonstrate that a significant ghost lineage remains.

http://zoobank.org/urn:lsid:zoobank.org:pub:7BBDF9DB-AB15-476C-A41B-BAC65AE2709A
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INTRODUCTION

Thalattosuchian crocodylomorphswere prominentmembers of
marine ecosystems from the Lower Jurassic through the Lower
Cretaceous (Buffetaut, 1980, 1982; Vignaud, 1995; Hua & Buffe-
taut, 1997; Pierce et al., 2009a, b; Young et al., 2010, 2012;
Wilberg, 2015a; Johnson et al., 2020a, b). They appear abruptly
in the fossil record with high species richness, suggesting rapid
diversification during the Toarcian. Seven species are currently
known from this time period (Plagiophthalmosuchus graciliros-
tris; Macrospondylus bollensis; Platysuchus multiscrobiculatus;
Mystriosaurus laurillardi; an unnamed Chinese teleosauroid
[IVPP V 10098]; Magyarosuchus fitosi; Pelagosaurus typus),
across a wide geographic distribution. While most specimens are
found in Europe (e.g., Jäger, 1828; Eudes-Deslongchamps,

1863–1869; Westphal, 1961, 1962; Duffin, 1979; Buffetaut, 1980;
Benton & Taylor, 1984; Mueller-Töwe, 2006; Pierce & Benton,
2006; Ősi et al., 2018; Sachs et al., 2019), Toarcian specimens
have also been reported from China (IVPP V 10098; Li, 1993),
Argentina (Huene, 1927; Pol&Gasparini, 2007), andMadagascar
(Buffetaut et al., 1981).
Older, butmore fragmentary, specimenshave been attributed to

Thalattosuchia from the Sinemurian and Pliensbachian. These
include partial metatarsals (MGHF 3601) from the Sinemurian
of Chile (Thalattosuchia indet.; Chong Díaz and Gasparini, 1972;
Gasparini et al., 2000) and two partial vertebrae from the upper
Sinemurian of France (Teleosauridae indet.; Huene &Maubeuge,
1954). Additionally, a block including osteoderms, a partial femur,
and other fragments (NHMUK PV R 4143) has been reported
from the Kota Formation of India (Owen, 1852), though it is
unclear whether this specimen is Pliensbachian or Toarcian in
age.While some or all of these specimensmay belong to Thalatto-
suchia, none possess any thalattosuchian apomorphies, so their
validity as early records of the group cannot be confirmed.
There are reasons to expect a pre-Toarcian record of Thalatto-

suchia. Firstly, because thalattosuchian diversity was relatively
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high already by the early Toarcian, as evidenced by deposits of
western Europe (e.g., four species from Posidonia Shale;
Mueller-Töwe, 2006). Secondly, because the group had achieved
a nearly global distribution by this time (Europe, Argentina,
Madagascar, China) implying an earlier unsampled history.
And finally, because most recent phylogenies require a ghost
lineage leading to Thalattosuchia minimally originating by the
Sinemurian (e.g., Tykoski et al., 2002; Jouve, 2009; Pol & Gaspar-
ini, 2009; Andrade et al., 2011; Pol et al., 2014; Turner, 2015;
Turner & Pritchard, 2015; Leardi et al., 2017; Martínez et al.,
2018) or the Late Triassic (e.g., Wilberg, 2015a, b, 2017; Young
et al., 2017; Foffa et al., 2018; Martin et al., 2019; Wilberg et al.,
2019; Melstrom et al., 2022).

In addition to these temporal uncertainties, the phylogenetic
position of Thalattosuchia within Crocodylomorpha also
remains somewhat contentious, despite decades of phylogenetic
analyses. This issue has been termed the “longirostrine
problem” (Clark, 1994; Jouve, 2006; Pol & Gasparini, 2009;
Wilberg, 2015b). Thalattosuchia is consistently recovered in
one of three positions depending on dataset and taxon sample:

(1) As sister-group to Crocodyliformes (Jouve, 2009; Pol & Gas-
parini, 2009; Wilberg, 2015a, b, 2017; Young et al., 2017; Foffa
et al., 2018; Wilberg et al., 2019).

(2) As early diverging mesoeucrocodylians (e.g., Sereno et al.,
2001, 2003; Larsson & Sues, 2007; Sereno & Larsson, 2009;
Young et al., 2012, 2020, 2021; Montefeltro et al., 2013;
Johnson et al., 2020b; Herrera et al., 2021).

(3) Within Neosuchia, sister to Tethysuchia (e.g., Clark, 1994;
Wu et al., 1997, 2001; Brochu et al., 2002; Jouve et al.,
2006; Jouve, 2009; Pol & Gasparini, 2009; Turner & Sertich,
2010; Andrade et al., 2011; Pol et al., 2014; Leardi et al.,
2015).

Contributing to this issue is the highly autapomorphic nature
of Thalattosuchia, placing them on a long phylogenetic branch
in terms of morphological character state changes. Even the ear-
liest known thalattosuchians already possess autapomorphies of
the group and the lack of more plesiomorphic forms likely
hinders the phylogenetic placement of the group within Crocody-
lomorpha. Given the long ghost lineage implied for Thalattosu-
chia in most topologies, more plesiomorphic forms could
potentially be found in in pre-Toarcian sediments.

Here we describe new cranial and postcranial material of a
marine crocodylomorph from the early Pliensbachian (c. 190
Ma) Belemnite Marl Member of the Charmouth Mudstone For-
mation (Dorset, U.K.). This represents the earliest diagnostic
material of Thalattosuchia reported to date. Investigation of its
morphology and phylogenetic relationships will help elucidate
the plesiomorphic condition for the clade. Its early occurrence
may also improve our understanding of the divergence time for
Thalattosuchia.

Institutional Abbreviations—BRLSI, Bath Royal Literary and
Scientific Institution, Bath, United Kingdom; BRSMG, Bristol
City Museum and Art Gallery, Bristol, United Kingdom;
FMNH, Field Museum of Natural History, Chicago, Illinois,
U.S.A.; IVPP, Institute of Vertebrate Paleontology and Paleoan-
thropology, Beijing, China; LYMPH, Lyme Regis Museum,
Lyme Regis, United Kingdom; MACN-RN, Museo Argentino
de Ciencias Naturales (Rio Negro Collection), Buenos Aires,
Argentina; MB, Museum für Naturkunde, Berlin, Germany;
MCZ, Museum of Comparative Zoology, Harvard University,
Cambridge, Massachusetts, U.S.A.; MLP, Museo de La Plata,
La Plata, Argentina; MNHN, Muséum National d’Histoire Nat-
urelle, Paris, France; MPV, Musée paléontologique de Villers-
sur-Mer, Paléospace l’Odyssée, Villers-sur-Mer, France; MTM,
Hungarian Natural History Museum, Budapest, Hungary;
NHMUK, Natural History Museum, London, United Kingdom;

PRC, Palaeontological Research and Education Centre, Maha Sar-
akham University, Maha Sarakham, Thailand; RMH, Roemer und
Pelizaeus Museum, Hildesheim, Germany; SMNS, Staatliches
Museum für Naturkunde, Stuttgart, Baden-Württemberg,
Germany; SNSB-BSPG, Bayerische Staatssammlung für Paläonto-
logie und Geologie, Munich, Germany; UH, Urwelt Museum
Hauff, Holzmaden, Germany; UOMNH, University of Oregon
Museum of Natural and Cultural History, Eugene, Oregon, U.S.A.

GEOLOGIC SETTING

LYMPH 2021/45 was recovered from the Belemnite Marls
Member of the Charmouth Mudstone Formation (Barton
et al., 2011) on the coast west of Charmouth (E. Hingley, pers.
comm.). It occurred in eroded material that may have originated
from Bed 107, 108, 109 or nearby (bed numbers from Lang et al.,
1928) (P. Davis, pers. comm.). It is therefore Pliensbachian in age,
representing the Uptonia jamesoni chronozone, and possibly
(depending on the accuracy of bed-level provenance data) Phri-
codoceras taylori subchronozone and PbH2 Taylori horizon
(chronostratigraphy after Page, 2010).

MATERIALS AND METHODS

Micro-computed Tomography

Themain block of LYMPH 2021/45 initially comprised the por-
tions now labeled as ‘block 1’ and ‘block 3’ (Fig. 1). We used
micro-CT scanning to establish the distribution of bone in the
main block, seeking to reduce overall block size to achieve
higher scan quality (i.e., reduced noise, increased resolution
and increased contrast between bone and matrix). Our initial
pilot scan indicated that the block could be prepared into two
smaller blocks. We re-scanned these blocks, from which individ-
ual bones were then segmented by E.F.G. using Mimics version
19.0 (Materialise, Leuven). Scans were carried out using a
Nikon Metrology XT H 225 ST micro-CT scanner in the XTM
Facility, Palaeobiology Research Group, University of Bristol.
Scan image volumes, 3D models, and metadata including scan
settings are available at www.morphosource.org/projects/
00000C757.

Phylogenetic Analyses

To determine the phylogenetic position of Turnersuchus hin-
gleyae we performed two new analyses. The first is based on
the dataset of Wilberg et al. (2019), which is the most recent
version of the matrix originally presented by Wilberg, 2015b.
Taxon sampling was increased to 105 operational taxonomic
units (OTUs) and character sampling increased to 410 (77 of
which could be scored for T. hingleyae). This dataset includes
33 thalattosuchian OTUs excluding T. hingleyae. The second
analysis is based on the dataset of Herrera et al. (2021), which
is one of the most recent versions of the character matrix com-
monly referred to as the “H+Y matrix” (or the “Hastings +
Young matrix”), originally presented by Young et al. (2017),
but later modified by Ristevski et al. (2018), Ősi et al. (2018),
and Aiglstorfer et al. (2020). Our version of this dataset differs
from that of Herrera et al. (2021) only by the addition of the
new taxon (T. hingleyae) and minor rescoring of some characters
based on firsthand observation, particularly for Peipehsuchus tel-
eorhinus. As in prior iterations of this matrix, Congosaurus
bequaerti, Crocodylus acutus, Cr. intermedius, Cr. mindorensis,
Cr. moreletti, Cr. rhombifer, Cr. suchus, and the “Swiss rhacheo-
saurin” were unstable OTUs and were excluded from the analy-
sis. The resulting dataset includes 169 OTUs scored for 519
characters (80 of which could be scored for T. hingleyae). Exclud-
ing T. hingleyae, 78 of the OTUs are thalattosuchians.

Wilberg et al.—Pliensbachian thalattosuchian from Charmouth (e2161909-2)
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The phylogenetic data matrices are available on MorphoBank
(O’Leary & Kaufman, 2011, 2012) at http://morphobank.org/
permalink/?P4271. Details of the phylogenetic analysis method-
ology, character descriptions, and materials referenced for char-
acter scoring are available in the Supplementary Materials. The
datasets were analyzed in TNT v1.5 (Goloboff & Catalano,
2016) under equally weighted parsimony. A heuristic search
included 1000 replicates of Wagner trees using random addition
sequences followed by TBR (tree bisection and reconnection)
branch swapping holding 10 trees per replication. The shortest
trees obtained from these replicates were subjected to a final
round of TBR branch swapping to ensure all minimum length
trees were discovered. Zero-length branches were collapsed if
they lacked support under any of the minimal length trees
(Rule 1 of Coddington & Scharff, 1994). The strict consensus
trees were used to report the results of each analysis.

Time-calibration of the Topologies

We performed Bayesian analyses to time-calibrate the topolo-
gies that resulted from the parsimony analyses. The strict consen-
sus trees obtained from both datasets (Wilberg et al., 2019 and
Herrera et al., 2021) were used as topological constraints for
time-calibration analyses, with the only difference that, in the
strict consensus obtained from the Herrera et al. (2021)
dataset, we manually changed the position ofEopneumatosuchus
colberti, from sister to Thalattosuchia to sister to Protosuchus
(within Protosuchidae), following a recent reassessment of the
taxon (Melstrom et al., 2022). Bayesian tip-dating analyses
were performed under a fossilized birth–death (FBD) model
(Stadler, 2010; Ronquist et al., 2012a; Heath et al., 2014; Zhang
et al., 2016), using an empty character matrix created with the
createMrBayesTipdatingNexus function within the paleotree R
package (Bapst, 2012), which follows the recommendations
within Matzke and Wright (2016). Uniform priors were placed
on taxon ages, with the age of extant taxa fixed to 0 and the
age range of extinct taxa obtained from the literature. A
uniform prior was also placed on the age root of the entire
tree, constraining it between 245 and 260 Myr ago (given that a
crocodylomorph origin older than the Early Triassic is unlikely
(Turner et al., 2017; Ezcurra & Butler, 2018). For each dataset,

two independent MCMC runs were performed in MrBayes
version 3.2.6 (Ronquist et al., 2012b), with four chains of
35,000,000 generations each, sampling every 1,000 generations.
Convergence was assessed using potential scale reduction
factor (PSRF; values approaching 1.0) and average standard
deviation of split frequencies (values below 0.01). After the
runs converged, 25% of sampled trees were discarded as burn-
in. For reporting the results, only the majority rule consensus
(MRC) tree was used.

SYSTEMATIC PALEONTOLOGY

CROCODYLOMORPHA Hay, 1930, sensu Nesbitt, 2011
THALATTOSUCHIA Fraas, 1901, sensu Young, and

Andrade, 2009
TURNERSUCHUS, gen. nov.

Type Species—Turnersuchus hingleyae
Etymology—After Paul Turner, who discovered and donated

the initial block of the specimen and “suchus,” from the Latinized
form of “soukhos,” Greek for crocodile.
Diagnosis—As for the type species.

TURNERSUCHUS HINGLEYAE sp. nov.
(Figs. 1–9)

Holotype—LYMPH 2021/45, partial skull, partial mandible,
cervical and dorsal vertebrae in articulation and isolated caudal
vertebrae, cervical and dorsal ribs, right pectoral girdle (right
scapula and partial right coracoid), partial right humerus, ulna,
partial tibia, one dorsal osteoderm.
Etymology—After Elizabeth “Lizzie” Hingley, who discov-

ered additional material and prepared the specimen.
Locality and Horizon—Uptonia jamesoni chronozone of the

Belemnite Marl Member of the Charmouth Mudstone (Lower
Jurassic, Pliensbachian). Recovered as eroded material adjacent
to the beach approximately one kilometer west of the Char-
mouth Heritage Coast Centre, Charmouth, Bridport DT6 6LL,
U.K.
Diagnosis—Thalattosuchian crocodylomorph with the follow-

ing unique combination of characters (autapomorphies indicated

FIGURE 1. Preserved material of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45) including five main blocks and isolated elements.
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by an asterisk*): dorsally directed prootic peg along suture with
parietal*; enlarged median pharyngeal foramen*; quadrate
broadly separated from trigeminal foramen*; tall, vertically
oriented squamosal occipital surface*; posterolateral corner of
supratemporal fossa well posterior to occipital condyle; squamo-
sal fossa facing slightly ventrally*; scapula with anterior margin
more strongly concave than posterior margin. Differs from Pela-
gosaurus in: posterior margin of the supratemporal fenestra
more posterolaterally inclined; supratemporal fossa extending
further posterolaterally; squamosal fossa oriented slightly ven-
trally; tall, vertical occipital surface of squamosal; scapula with
relatively straight posterior margin; ulna broader proximally,
with more strongly curved shaft. Differs from Plagiophthalmosu-
chus in: tall, vertical occipital surface of squamosal; broader
intertemporal bar (at least anteriorly); anteroposteriorly
shorter retroarticular process lacking a distinct ridge on the
dorsal surface.

DESCRIPTION

General Description

The specimen is relatively three-dimensionally preserved and
in partial articulation, with elements preserved in five separate
blocks (Fig. 1) that were recovered over a period of 15 months
(May 2017–July 2018), due to gradual weathering, from the
type locality. Preserved cranial material consists primarily of
elements from the posterior right side including much of the
braincase and occipital region, all of which are preserved in the
main block (or block 1). Mandibular fragments are preserved
in blocks 1 and 3 (which was prepared away from block 1) and
include both retroarticular processes and small isolated frag-
ments of both the dentaries and angulars. The axial and appendi-
cular elements are preserved in four of the blocks, with the
cervical and dorsal vertebrae in blocks 1 and 2 preserved in
articulation. Blocks 4 and 5 preserve caudal vertebrae. Preserved
appendicular elements include the right scapula, coracoid, and
humerus (block 1), right ulna (block 2), and an isolated long
bone fragment (possibly a distal tibia). Numerous ribs and rib
fragments are preserved among the blocks, as well as at least
one dorsal osteoderm (block 1). Additional photographs of all
blocks and isolated elements are available at www.
morphobank.org/permalink/?P4271.

Major Cranial Openings

Choana—The choana itself is not preserved, but the preserved
portion of the pterygoid shows that it opened into a broad
depression on the ventral surface of the pterygoid (Fig. 2). It ter-
minates posteriorly at a short, gently curving (concave ante-
riorly) ridge, similar to that of Pelagosaurus typus (NHMUK
PVOR 32599; Mueller-Töwe, 2006), but differing from the shal-
lower depression marking the posterior margin of the choana of
some other thalattosuchians (e.g., Teleosaurus; Jouve, 2009). The
relatively posterior position of this posterior margin of the
choana suggests a more extensive secondary palate than
present in “sphenosuchian” grade basal crocodylomorphs and
protosuchids (Dollman & Choiniere, 2022).

Supratemporal Fenestra—Much of the right supratemporal
fenestra (STF) is preserved, lacking its anterior and anterolateral
margins (Fig. 2). The posterior portion of the intertemporal bar is
also incomplete. The STF is large with a well-developed fossa
posteriorly (and somewhat medially). The medial margin is
formed by the frontal and parietal, the posterior margin by the
parietal and squamosal, and the lateral margin by the squamosal
and postorbital. The posterior margin is inclined posterolaterally
at approximately 50°. The posterolateral corner greatly exceeds
the occipital condyle posteriorly, though this might be

exaggerated by the slight postmortem displacement of some of
the cranial elements. This posterolateral inclination of the pos-
terior margin of the STF is greater than that of Pelagosaurus
(∼65°; NHMUK PV OR 32599), or Plagiophthalmosuchus
(∼65°; NHMUK PV OR 15500). Lack of preservation of the
anterior portion of the STF prevents detailed description of its
shape, but based on the preserved portions, the STF is anteropos-
teriorly longer than mediolaterally wide.

Temporo-orbital Foramen—The temporo-orbital foramen is
visible in dorsal view on the posterior wall of the supratemporal
fossa (Fig. 2). The squamosal forms its lateral and short parts of
the dorsal and ventral margins. The parietal forms the remainder
of the dorsal border. The prootic appears to form the medial and
remainder of the ventral border, potentially excluding the quad-
rate from the margin of the foramen. However, sutures are diffi-
cult to discern in this region.

Cranioquadrate Canal—Part of the right cranioquadrate canal
is preserved (Fig. 3). It is positioned laterally on the occipital
surface, between the paroccipital and inferolateral processes of
the otoccipital. The otoccipital forms the dorsal, medial, and
inferior borders. As preserved, the canal is open laterally.
However, the lateral surface of the quadrate and inferior
portion of the squamosal fossa are damaged. Thus, it is possible
that the canal was fully enclosed by some combination of these
bones.

Foramen Magnum—The inferior and right lateral borders of
the foramen magnum are preserved (Fig. 3). The otoccipital
forms the lateral and a small part of the inferior borders. The
basioccipital forms the remainder of the inferior border. The
superior border is not preserved so it is unclear whether the
supraoccipital would have contributed to the superior border.

Bones of the Skull

Frontal—Most of the frontal is missing from the specimen
(Figs. 2, 3). The wider, anterior-most preserved portion of the
intertemporal bar likely preserves the posterior-most part of
the posterior process of the frontal. However, the suture with
the parietal is not obvious in the scan. The dorsal surface of
this portion of the intertemporal bar preserves a few anteropos-
teriorly elongate oval pits, suggesting ornamentation of this
element similar to that of the postorbital and squamosal.

Parietal—The parietal is a single, fused element in LYMPH
2021/45, though only portions of it are preserved (Figs. 2, 3).
The parietal is Y-shaped, with an anterior process and right
and left posterolateral processes (of which only the right is pre-
served). The anterior process articulates with the frontal ante-
riorly, the laterosphenoid, and prootic inferolaterally. The
parietal makes up most of the intertemporal bar, though uncer-
tainty of the position of the frontal suture and damage to the pos-
terior region of the bar prevents giving exact proportions. The
surface bone is missing on the posterior region of the intertem-
poral bar, so it is unclear if a narrow sagittal crest would have
been present as in most metriorhynchids, or if the intertemporal
bar would have maintained its width throughout as in Pelago-
saurus (NHMUK PV OR 32599; Mueller-Töwe, 2006) or Teleo-
saurus (Jouve, 2009).

The posterolateral process of the parietal articulates with the
squamosal laterally and the otoccipital posteriorly. At the junc-
tion of the posterolateral processes, the parietal would have
articulated with the supraoccipital, a small portion of which
may be preserved, though its suture with the parietal is
unclear. The parietal contributes to the occipital surface,
though the medial portion is missing. The parietal occipital
surface is slightly sloped posteroventrally, differing from the
more vertical orientation of the squamosal occipital surface.

Postorbital—The posterior portion of the right postorbital is
preserved in articulation with the squamosal (Figs. 2, 3). The
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preserved portion is dorsoventrally tall and mediolaterally
narrow. Its lateral surface is ornamented with distinct pits,
some of which are elongated longitudinally into short grooves.

The presence of ornamentation on the lateral temporal bar is
uncommon among thalattosuchians, but is shared with Pelago-
saurus (NHMUK PV OR 32599; Mueller-Töwe, 2006),

FIGURE 2. Skull of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45).A, digital model in dorsal view;B, line interpretation of same;C, digital
model in ventral view; D, line interpretation of same. Abbreviations: bo, basioccipital; bsp, basisphenoid; ch g, choanal groove; fr, frontal; lef, lateral
Eustachian foramen; lsp, laterosphenoid; mpf, median pharyngeal foramen; occ, occipital condyle; oto, otoccipital; pa, parietal; po, postorbital; pro,
prootic; pt, pterygoid; qu, quadrate; qu mhc, quadrate medial hemicondyle; qu op, quadrate orbital process; sq, squamosal; tof, temporo-orbital
foramen.
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Platysuchus multiscrobiculatus (SMNS 9930; Mueller-Töwe,
2006), and to a lesser extent Plagiophthalmosuchus gracilirostris
(NHMUK PV R 757). An anteroposteriorly directed ridge runs
near the ventral margin of the bone, separating a narrow

unornamented flange from the ornamented area above similar
to Pelagosaurus typus (NHMUK PV OR 32599).

The postorbital articulates posteriorly with the squamosal at a
v-shaped suture, with an anterior projection of the squamosal

FIGURE 3. Skull of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45).A, digital model in ventrolateral view;B, line interpretation of same;C,
digital model in occipital view; D, line interpretation of same. Abbreviations: bo, basioccipital; bo t, basioccipital tuberosity; bsp, basisphenoid; ch g,
choanal groove; cqc, cranioquadrate canal; fm, foramenmagnum; fr, frontal; icf, internal carotid foramen; lsp, laterosphenoid;mpf, median pharyngeal
foramen; occ, occipital condyle; oto, otoccipital; pa, parietal; po, postorbital; pro, prootic; pro p, prootic peg; pt, pterygoid; pts com, communication
with paratympanic sinus; qu, quadrate; qu mhc, quadrate medial hemicondyle; qu op, quadrate orbital process; sq, squamosal; sq f, squamosal fossa;V,
trigeminal foramen; vf, vagus foramen; XII, hypoglossal foramen.
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dividing the posterior margin of the postorbital into two pos-
terior processes, as in most thalattosuchians (e.g., Teleosaurus
cadomensis [Jouve, 2009]; Indinosuchus potamosiamensis
[Martin et al., 2019]; Pelagosaurus [NHMUK PV OR 32599]).
The dorsal process is much larger than the ventral process and
articulates only with the squamosal. The ventral process is nar-
rower, and articulates with the squamosal and the dorsolateral
process of the quadrate, anterior to the external acoustic
meatus. The dorsal surface of the postorbital narrows to a
ridge, continuous with the dorsal surface of the squamosal (post-
orbital-squamosal ridge sensu Young et al., 2013).
Squamosal—The right squamosal is nearly complete (Figs. 2,

3). The bone is v-shaped, with its anterior and medial processes
forming an acute angle (∼60°) similar to Pelagosaurus typus
(NHMUK PV OR 32599), Opisuchus meieri (Aiglstorfer et al.,
2020), and Plagiophthalmosuchus gracilirostris (NHMUK PV
OR 15500), but differing from the condition in many teleosaurids
(e.g., Teleosaurus [Jouve, 2009]; Indosinosuchus [Martin et al.,
2019]; Macrospondylus [Wilberg et al., 2022]) and most metrior-
hynchids (e.g., Torvoneustes [Young et al., 2013]; and Purrani-
saurus [Herrera et al., 2015]) where the angle is closer to 90°.
It articulates anteriorly and laterally with the postorbital, ven-
trally with the quadrate, posteriorly with the otoccipital and
medially with the parietal. The supratemporal fossa extends pos-
terolaterally along the squamosal, forming narrow, elevated
ridges along the dorsal surface of the anterior and medial pro-
cesses. The squamosal articulates with the parietal dorsal to the
temporo-orbital foramen, just medial to its lateral border. The
squamosal forms the lateral and ventrolateral borders of the
temporo-orbital foramen, and contributes slightly to the dorsal
border. It is unclear whether the process of the squamosal
forming the ventrolateral border of the temporo-orbital
foramen would have contacted the prootic medially (excluding
the quadrate from the margin of the opening) as in most metrior-
hynchoids and some teleosauroids (e.g., Macrospondylus bollen-
sis [MCZ PVRA-1063]; Wilberg et al., 2022), or whether the
quadrate would have contributed to the ventral margin as in Tel-
eosaurus (Jouve, 2009) and Indosinosuchus (Martin et al., 2019).
The lateral surface of the anterior process of the squamosal is

ornamented with closely spaced deep pits, similar to the postor-
bital. The posterolateral surface is smooth and gently concave,
forming a shallow trapezoidal squamosal fossa (sensu Wilberg
et al., 2022), although the ventral-most portion is missing. The
shape of the fossa is similar to Pelagosaurus (NHMUK PV OR
32599), but differs from the dorsoventrally elongate fossa of
Macrospondylus bollensis (MCZ PVRA-1063; Wilberg et al.,
2022). Unlike other known thalattosuchians, the squamosal
fossa of LYMPH 2021/45 appears to be directed slightly ventrally,
rather than dorsally. The squamosal fossa lies posterodorsal to
the external otic aperture.
The occipital surface of the medial process of the squamo-

sal is dorsoventrally taller than other known thalattosuchians
and articulates ventrally with the paroccipital process of the
otoccipital and medially with the occipital surface of the par-
ietal. The occipital surface of the squamosal is approximately
twice the dorsoventral height of the distal end of the parocci-
pital process, though the sutures in this region are difficult to
make out.
Quadrate—Most of the right quadrate is preserved (Figs. 2, 3),

lacking only the lateral hemicondyle. However, sutures with the
surrounding bones are difficult to delineate and artifacts in the
scan obscure detail in the otic region. The quadrate articulates
with the squamosal anterodorsally, the otoccipital posterodor-
sally, the prootic anteromedially, the basisphenoid and pterygoid
ventromedially. The quadrate body is inclined posteroventrally,
positioning the medial hemicondyle ventral to the occipital
condyle, approximately in line with the ventral margin of the
basal tubera as in Pelagosaurus (NHMUK PV OR 32599;

Mueller-Töwe, 2006). Its posterodorsal surface is broadly over-
lapped by the ventrolateral process of the otoccipital. The
medial hemicondyle is ventromedially inclined, with its main
axis oriented approximately 45° from horizontal. The ventral
surface of the quadrate body is either damaged anterior to the
medial hemicondyle, or artifacts in the scan prevent segmenting
of its ventral surface.
The dorsolateral process of the quadrate is preserved, but the

presence of several highly absorbing objects in the scan makes
this region difficult to interpret due to beam hardening artifacts.
As in other thalattosuchians, the quadrate articulates with the
ventral surface of the squamosal, sending a thin otic lamina pos-
teriorly to form the roof of the external otic aperture, excluding
the squamosal from its margin. The dorsolateral process poten-
tially articulated with the posteroventral surface of the postorbi-
tal, but as the sutures in this region are unclear, this cannot be
confirmed.
The dorsal primary head of the quadrate contacts the lateral

wall of the braincase, but these articulations appear narrower
than in other thalattosuchians or crocodyliforms. Anterome-
dially, it is sutured to the ventral margin of the medial process
of the squamosal and has an anteroventrally sloping suture
with the prootic, contributing to the posteroventral wall of the
supratemporal fossa. This contact with the prootic is shorter
than in other thalattosuchians, where the quadrate extends ante-
riorly along the prootic to reach or nearly reach the trigeminal
foramen. In Turnersuchus, the quadrate is broadly separated
from the trigeminal foramen by the prootic and basisphenoid,
unlike crocodyliforms generally (Clark, 1994).
The pterygoid process of the quadrate has a short, obliquely

oriented suture with the posterolateral lamina (quadrate
process) of the pterygoid. Extending anteriorly is a short,
squared orbital process. The orbital process of Turnersuchus is
similar in shape to Pelagosaurus, but oriented more ventrally
along the braincase. The orbital process primarily articulates
with the pterygoid and basisphenoid (reminiscent of Sphenosu-
chus acutus [Walker, 1990], but with a very different pterygoid
morphology). This differs from other thalattosuchians in which
the orbital process is more anteriorly oriented, articulating with
the laterosphenoid in addition to the pterygoid and basisphenoid
(e.g.,Macrospondylus; Wilberg et al., 2022). As in other thalatto-
suchians (e.g., Pelagosaurus [NHMUK PV OR 32599]; Plagi-
ophthalmosuchus cf. gracilirostris [NHMUK PV OR 33095;
Brusatte et al., 2016]; Cricosaurus araucanensis [Herrera et al.,
2018]; Metriorhynchus cf. westermani [Fernández et al., 2011];
Macrospondylus bollensis [MCZ VPRA-1063]; Machimosaurus
buffetauti [SMNS 91415]; Teleosaurus cadomensis [Jouve,
2009]), the orbital process lacks bony attachment to the ptery-
goid, basisphenoid, or laterosphenoid anteromedially. The
short length and more ventral orientation of the orbital process
of the quadrate in Turnersuchus results in a very broad separ-
ation from the laterosphenoid.
Laterosphenoid—The posterior portion of the right latero-

sphenoid is preserved (Figs. 2, 3). It articulates with the frontal
anterodorsally, the parietal posterodorsally, the prootic poster-
iorly, and the basisphenoid ventrally. The laterosphenoid has
been slightly displaced from the adjacent bones. Because the
laterosphenoid is not preserved in articulation with the prootic,
it is unclear whether this suture formed a raised ridge dorsal to
the trigeminal foramen as in most thalattosuchians (e.g., Pelago-
saurus [NHMUK PV OR 32599]; Plagiophthalmosuchus cf. gra-
cilirostris [NHMUK PV OR 33095; Brusatte et al., 2016];
Suchodus brachyrhynchus [NUMHK PV R 3700]). When a
ridge is present, it divides the supratemporal fossa into posterior
and anterior fossae interpreted as the insertions for M. adductor
mandibulae externus profundus and M. pseudotemporalis super-
ficialis, respectively (Holliday & Witmer, 2009). The lateral
surface of the preserved portion is vertical, becoming somewhat
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ventrolaterally oriented anteriorly. The laterosphenoid forms the
anterior margin of the trigeminal foramen.

Prootic—The right prootic is nearly complete (Figs. 2, 3). It is
triangular in dorsal view and broadly exposed as in other thalat-
tosuchians and non-crocodyliform crocodylomorphs (Clark,
1994). It articulates with the laterosphenoid anteriorly (though
these bones have been slightly displaced), the parietal dorsally
and posteriorly, the basisphenoid ventrally, and the quadrate pos-
terolaterally. A small, dorsally directed peg is present along its
suture with the parietal. A corresponding shallow notch on the
lateral surface of the parietal intertemporal bar would have
articulated with this peg. This dorsal prootic peg appears autapo-
morphic for LYMPH 2021/45. The prootic forms the ventral
margin of the temporo-orbital foramen and potentially contacts
the squamosal in this region. It forms the dorsal, posterior, and
ventral margins of the dorsoventrally elongate trigeminal
foramen. The dorsoventral elongation of the trigeminal
foramen is similar to Pelagosaurus (NHMUK PV OR 32599;
Holliday & Witmer, 2009), though Turnersuchus lacks the dis-
tinct constriction near the midpoint demarcating exit points for
the root of the trigeminal and the rostral middle cerebral vein
(Herrera, 2015). This shape differs from Plagiophthalmosuchus
cf. gracilirostris (Brusatte et al., 2016) and most teleosauroids
in which the foramen is more circular. In lateral view a broad
lamina projects ventrally, immediately posterior to the trigeminal
foramen (and forming its posterior border). This ventral lamina
contacts the laterosphenoid anteroventrally and the basisphe-
noid posteroventrally, near the dorsal margin of the orbital
process of the quadrate. This appears similar to the morphology
of Pelagosaurus (BRLSI M1413; visible in the CT model by
Ballell et al., 2019), where this broad process divides the trigem-
inal foramen from a lateral communication with the paratympa-
nic sinus. However, it differs from the narrow lamina present in
the teleosauroids Macrospondylus bollensis (MCZ PVRA-
1063),Machimosaurus buffetauti (SMNS 91415), and Proexocho-
kefalos heberti (MNHN 1890-13; Wilberg et al., 2022).

Otoccipital—The opisthotic and exoccipital are fused into a
single otoccipital. Much of the right otoccipital is preserved,
though its sutures with the quadrate, squamosal, and parietal
are difficult to discern in the CT data (Figs. 2, 3). It articulates
with the parietal dorsally, the squamosal dorsolaterally, the quad-
rate ventrolaterally, and the basioccipital and basisphenoid ven-
tromedially. It forms the ventrolateral, lateral, and dorsolateral
margin of the foramen magnum. The dorsal margin is incom-
plete, so it is not clear whether it contacted the left otoccipital
dorsal to the foramen magnum, or whether the supraoccipital
interposed between them.

The paroccipital process is well developed, and extends later-
ally to the lateral margin of the occipital surface. It is relatively
vertical across its occipital surface, with its lateral half becoming
slightly posteroventrally sloped. This lateral terminus ends just
inferior to the broken inferior surface of the squamosal fossa.
In other thalattosuchians (e.g., Macrospondylus bollensis [MCZ
VPRA-1063; Wilberg et al., 2022]; Pelagosaurus typus
[NHMUK PV OR 32599]; Torvoneustes coryphaeus [Young
et al., 2013]), the lateral tip of the paroccipital process articulates
with a concavity on the squamosal adjacent to the squamosal
fossa. It is possible a similar configuration was present in
LYMPH 2021/45, but damage to the squamosal fossa makes
this uncertain.

Like other thalattosuchians, Turnersuchus possesses a broad
ventrolateral flange of the otoccipital that broadly covers the
dorsal surface of the quadrate body. A broad ventrolateral
flange of the otoccipital is also present in protosuchids, though
less developed than in thalattosuchians (Clark, 1994; Pol & Gas-
parini, 2009). Laterally, the ventrolateral flange ends slightly
medial to the lateral end of the paroccipital process similar to
Cricosaurus araucanensis (Herrera et al., 2018). This differs

from Pelagosaurus (NHMUK PV OR 32599), Macrospondylus
bollensis (MCZ VPRA-1063), and Cricosaurus rauhuti (SNSB-
BSPG 1973 I 195; Herrera et al., 2021) in which the ventrolateral
flange exceeds the paroccipital process laterally.

Typically, a number of foramina pierce the otoccipital. No
canals were traceable on the scan, but some of the foramina
are apparent as depressions on the occipital surface. A
depression lateral to the occipital condyle and approximately
in line with the floor of the foramen magnum likely represents
the hypoglossal foramen. A short distance ventrolaterally, near
the articulation with the basioccipital tuber lies a circular
depression potentially representing the internal carotid
foramen. Unfortunately, given the preservation, it is difficult to
determine whether it is enlarged as in other thalattosuchians.
Located lateral to the hypoglossal foramen, around the mediolat-
eral midpoint of the paroccipital process lies an ovate depression
we interpret as the vagus foramen. The posteroventrally sloped
portion of the paroccipital process overhangs this foramen. The
locations of these foramina are consistent with those of other tha-
lattosuchians (e.g., Pelagosaurus [NHMUK PV OR 32599]; Pla-
giophthalmosuchus cf. gracilirostris [Brusatte et al., 2016];
Macrospondylus [Wilberg et al., 2022]; Teleosaurus [Jouve,
2009]). A short distance lateral to the vagus foramen lies a later-
ally open notch between the paroccipital and ventrolateral pro-
cesses of the otoccipital. This represents the cranioquadrate
canal. As preserved, it is open laterally, though the squamosal
and quadrate, which would likely have formed the lateral
border if it existed, are damaged in this area. The cranioquadrate
canal is fully enclosed (e.g., Machimosaurus buffetauti [SMNS
91415]; Macrospondylus bollensis [MCZ VPRA-1063]), or very
nearly enclosed (e.g., Teleosaurus cadomensis [MNHN AC
8746; Jouve, 2009]), in all other thalattosuchians in which this
region is preserved.

Basisphenoid—The basisphenoid is partially preserved,
lacking its anterior region and rostrum (Figs. 2, 3). It articulates
anteroventrally with the pterygoid, posteriorly with the basiocci-
pital and dorsally with the prootic and laterosphenoid (though
these latter two bones have been displaced). Only a small
portion of its lateral surface is exposed, and the remainder of
the description of this bone comes from the digital preparation.
In ventral view, the basisphenoid is triangular in shape, with
the anterior apex extending anteriorly between the quadrate pro-
cesses of the pterygoid. The ventral exposure is slightly wider
(mediolaterally) than long (anteroposteriorly). Posteriorly, the
basisphenoid articulates with the basioccipital and forms the
anterior half of the ovate opening for the median pharyngeal
tube (=median Eustachian tube; Colbert, 1946). Thin lateral pro-
cesses of the basisphenoid project posterolaterally, separating
the quadrate from the basioccipital. The median pharyngeal
foramen is rather large relative to that of other thalattosuchians,
opening into a bulbous cavity within the basisphenoid which then
divides laterally similar to the sphenosuchian Almadasuchus
(Leardi et al., 2020). However, these diverticula cannot be
traced further with any detail.

Basioccipital—The basioccipital is nearly complete, lacking
only the lateral side of the left basal tuber (Figs. 2, 3). It has
not been mechanically prepared, but has been digitally prepared.
The occipital condyle is ovoid, mediolaterally wider than tall.
The basioccipital articulates with the otoccipital dorsolaterally
and the basisphenoid anteriorly. The occipital condyle appears
to be smaller than the foramen magnum (though the incomplete
preservation of the foramen magnum prevents confirmation of
this comparison). This is small relative to other thalattosuchians,
but similar to the proportions of many sphenosuchians (e.g.,
Junggarsuchus [Ruebenstahl et al., 2022]; Dibothrosuchus [Wu
& Chatterjee, 1993]; and Sphenosuchus [Walker, 1990] and pro-
tosuchids (e.g., Protosuchus richardsoni [UCMP 131827; Clark,
1986] and Eopneumatosuchus colberti [Melstrom et al., 2022]).
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The occipital condyle is approximately the same size as the
foramen magnum in some thalattosuchians (e.g., Pelagosaurus
typus [NHMUK PV OR 32599] and Teleosaurus cadomensis
[MNHN AC 8746; Jouve, 2009]). However, it is notably larger
than the foramen magnum in most thalattosuchians (e.g., Plagi-
ophthalmosuchus cf. gracilirostris [NHMUK PVOR 33095; Bru-
satte et al., 2016]; and Macrospondylus bollensis [MCZ VPRA-
1063; Wilberg et al., 2022]). Ventrolateral to the occipital
condyle are small, weakly developed basioccipital tubera. The
tubera are mediolaterally wider than tall and are rather small
relative to other thalattosuchians.
In ventral view, the basioccipital has a gently curved suture

with the posterior surface of the basisphenoid. Interrupting this
articulation along the midline is the median pharyngeal
foramen, of which the basioccipital forms the posterior margin.
Immediately posterior to the median pharyngeal foramen lies a
deep fossa, interposed between the basal tubera. Poor contrast
in the CT scan makes the lateral articulation between the basioc-
cipital with the lateral wings of the basisphenoid and ventro-
medial portion of the otoccipital difficult to discern. However,
it appears that the basioccipital forms a short portion of the
medial border of the lateral Eustachian foramen, similar to
Macrospondylus bollensis (MCZ VPRA-1063; Wilberg et al.,
2022) and Pelagosaurus typus (NHMUK PV OR 32599).
Pterygoid—The posterior portion of the pterygoids are pre-

served and right and left sides appear fused (Figs. 2, 3). The pre-
served portion includes the posterior margin of the internal
choana and part of the left pterygoid wing (flange). Posteriorly
and dorsally, the pterygoid articulates with the basisphenoid.
Posterolaterally, the pterygoid has a short articulation with the
quadrate. As in other thalattosuchians, the pterygoid lacks a
dorsal extension and contacts neither the laterosphenoid nor
the trigeminal foramen. In ventral view the basisphenoid projects
anteriorly like a wedge, dividing two slender, posterolateral
laminae of the pterygoid. These posterolateral laminae lie
between the basisphenoid medially and the pterygoid process
of the quadrate laterally. At the juncture of these posterolateral
laminae (at the apex of the basisphenoid ventral exposure), the
posterior margin of the pterygoid possesses a relatively deep,
but anteroposteriorly short concavity projecting towards the
choana.
The lateral wing is short, laminar, and tapers laterally. It is

inclined slightly posteroventrally. It lacks a thickened, vertically
oriented flat lateral surface (torus transiliens). This structure is
typically smaller in thalattosuchians than in crocodyliforms, but
its total absence is surprising. This portion of the pterygoid is
embedded in matrix and, while the edges of the element
appear relatively clean in the digital model, it is possible that
this structure is broken. Posterior to the lateral wing, the
lateral margin of the pterygoid is strongly concave.

Mandible

General Comments—The posterior regions of both mandibu-
lar rami are preserved, including right (block 1; Figs. 1, 4) and left
(block 3; Fig. 5) retroarticular processes. Additional smaller frag-
ments preserve parts of the dentary and angular.
Dentary—The anterior portion of the right dentary is pre-

served, including part of the dentary symphysis and four alveoli
containing heavily weathered teeth (Fig. 6A, B). We interpret
these as the second through fifth alveoli (D2–D5). The D3 and
D4 alveoli are enlarged relative to D2 and D5. They appear con-
fluent (though it is possible that a narrow interalveolar septum is
present, but not exposed) and are positioned on a slight lateral
expansion of the dentary, giving it a somewhat spatulate shape
and are slightly dorsal in position relative to D2 and D5. D3
and D4 are also typically the largest of the anterior dentary
teeth in most other thalattosuchians, also with alveoli that are

confluent or have a very narrow interalveolar space (e.g., Pelago-
saurus typus [BRLSI M1413; Pierce and Benton, 2006]; Macro-
spondylus bollensis [NHMUK PV R 12011]; Proexochokefalos
heberti [MNHN 1890-13]; Lemmysuchus obtusidens [NHMUK
PV R 3168; Johnson et al., 2017]; Thalattosuchus superciliosus
[NHMUK PV OR 46323]). The symphysial surface preserves a
series of grooves radiating anteriorly and posteriorly from the
Meckelian fossa, located medial to the D5 alveolus and extend-
ing posteriorly to the broken posterior end of the specimen.
This would have formed a typical Class III mandibular symphysis
(sensu Scapino, 1981), shared by other thalattosuchians and most
crocodyliforms (Holliday & Nesbitt, 2013).
A second small fragment of the left dentary is preserved (Fig.

6C, D). This portion comes from the posterior region of the
dentary, potentially posterior to the symphysis. Its lateral
surface is ornamented with deep grooves ventrally, which
become less distinct dorsally. Four teeth are preserved, though
mediolaterally crushed. Just medial to the toothrow, the medial
shelf of the dentary possesses an elongate groove, paralleling
the toothrow. This groove was likely for articulation of the
anterior process of the coronoid, which in thalattosuchians is
highly elongate and abuts the posterior portion of the toothrow.
An anteriorly elongate coronoid is also present in
most sphenosuchians (Ruebenstahl et al., 2022), though in
these taxa the anterior process extends along most of the
dentary toothrow. Medially this fragment of the dentary would
have articulated with the splenial, but no trace of this element
is preserved.
A third mandibular fragment potentially preserves the pos-

terolateral surface of the left dentary articulating with a
small fragment of the angular (Fig. 6E). The lateral surface
of this dentary fragment is ornamented by fine anteroposter-
iorly directed striations and bears an elongate groove spanning
its preserved length. This groove lies dorsal to the dentary-
angular articulation and is not quite parallel with this suture,
diverging anteriorly. This groove is likely a small portion of
the surangulodentary groove (sensu Young et al., 2012)
common among thalattosuchians, though it is not as deeply
excavated as in metriorhynchids.
Surangular—The posterior portions of both right and left sur-

angulars are preserved (Figs. 4, 5). On the right side, the pos-
terior-most portion of the surangular is preserved on the lateral
surface of the retroarticular process. The preserved portion has
a horizontal suture with the angular ventrally and articulates
with the articular medially. Its surface is marked with distinct
pits anteriorly that become less distinct posteriorly, such that
the posterior-most portion is smooth. It nearly reaches the pos-
terior end of the retroarticular process. The left surangular is
exposed in medial view, anterior to the glenoid fossa. It is
gently concave, articulating with the angular ventrally. Near the
anterior end of the preserved portion lies a circular foramen on
the medial surface, located near the dorsoventral midpoint of
this surface. A similar foramen is present in Pelagosaurus
(NHMUK PV OR 32599), but that of T. hingleyae is more ante-
riorly positioned.
Angular—The posterior portion of each angular is preserved

(Figs. 4, 5), as well as a small, more anterior fragment of the
left angular articulating with the dentary described above (Fig.
6E). The lateral surface of the small fragment articulating with
the dentary is ornamented with strong, anteroposteriorly
aligned grooves. The preserved posterior parts of the angular
are ornamented with distinct pits. These pits begin to dissipate
posteriorly, beginning at the level of the glenoid fossa, becoming
smooth approximately half way along the length of the retroarti-
cular process. The angular articulates with the dentary anteriorly,
the articular and prearticular medially, and the surangular dor-
sally. The ventral edge of the articular forms a medially curved
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shelf, in which the prearticular and articular sit. Posteriorly it
extends nearly to the tip of the retroarticular process.

Prearticular—A prearticular bone is present as in other thalat-
tosuchians (Figs. 4, 5). It is an elongate triangular bone articulat-
ing with the articular dorsally and the angular laterally and
ventrally. Posteriorly it extends approximately two thirds the
length of the retroarticular process. Its anterior extent is
unknown as it is damaged on both sides.

Articular—Both right and left articulars are nearly complete.
The left is exposed in ventral view (Fig. 5), while the right is par-
tially visible in lateral view (Fig. 1). The right articular has been
digitally segmented so all portions can be described (Fig. 4). The

articular articulates with the surangular and angular laterally, and
the prearticular ventrally. The articular forms the rectangular
glenoid fossa and the triangular retroarticular process. The
medial surface of the articular is concave, with the medial shelf
of the retroarticular process and medial half of the glenoid

FIGURE 4. Right retroarticular process of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45). A, digital model and line interpretation in
lateral view; B, digital model and line interpretation in medial view; C, digital model and line interpretation in dorsal view. Abbreviations: an,
angular; art, articular; gf, glenoid fossa; p art, prearticular; san, surangular.

FIGURE 5. Photograph and line interpretation of the posterior region of
left mandibular ramus of Turnersuchus hingleyae gen. et sp. nov.
(LYMPH 2021/45) exposed in ventral view. Abbreviations: an, angular;
art, articular; p art, prearticular; san, surangular.

FIGURE 6. Mandibular fragments of Turnersuchus hingleyae gen. et sp.
nov. (LYMPH 2021/45). A, right anterior dentary fragment in dorsal
view; B, medial view of the same; C, posterior left dentary fragment in
lateral view;Dmedial view of the same;E, posterior left mandibular frag-
ment in lateral view.Abbreviations: an, angular;D1–D5, second through
fifth dentary alveoli and/or teeth; den, dentary; dg, dentary groove, g cor,
groove for articulation of anterior process of coronoid; mf, Meckelian
fossa; t, posterior dentary teeth.
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fossa overhanging its surface. The glenoid fossa consists of
medial and lateral concavities separated by a subtle ridge. The
medial portion of the fossa extends slightly further ventrally, to
articulate with the dorsoventrally deeper medial hemicondyle
of the quadrate. The glenoid fossa is bordered anteriorly by a
low, straight, transversely oriented ridge and posteriorly by a
strong sigmoid ridge. Laterally, the glenoid may have been bor-
dered by the surangular. This region is damaged, but it does
not appear that the surangular would have contributed to the
articular surface.
The retroarticular process is triangular in dorsal view with its

length slightly exceeding the width of the glenoid fossa. The ret-
roarticular process of Turnersuchus is considerably shorter than
that of most teleosauroids (e.g., Plagiophthalmosuchus gracilir-
ostris [NHMUK PV OR 15500]; Mycterosuchus nasatus
[NHMUK PV R 2617; Andrews, 1913]; Macrospondylus bollen-
sis [MCZ VPRA-1063; Wilberg et al., 2022]; Indosinosuchus
potamosiamensis [PRC-11; Martin et al., 2019]), and more
closely resembles the morphology of basally branching metrior-
hynchoids (e.g., Pelagosaurus [BRLSI M1413; Pierce and
Benton, 2006]; Teleidosaurus calvadosii [NHMUK PV R 2681];
Zoneait nargorum [UOMNH F39539; Wilberg, 2015a]). The
dorsal surface of the retroarticular process houses a broad
fossa for the attachment of M. depressor mandibulae. In most
thalattosuchians, a long crest divides the dorsal surface into
medial and lateral fossae (e.g., Pelagosaurus [BRLSI M1413;
Pierce & Benton, 2006]; Teleidosaurus calvadosii [NHMUK PV
R 2681]; Macrospondylus bollensis [MCZ VPRA-1063; Wilberg
et al., 2022]). In Turnersuchus, a faint crest begins along the pos-
terior margin of the glenoid, but flattens out about one third the
length of the fossa. The posterior end of the articular is ovate and
convex, slightly exceeding the posterior end of the surangular
and angular.

Axial Skeleton

General Comments—The vertebral column of Turnersuchus
hingleyae is not completely preserved. Block 1, which was CT-
scanned, includes the last five cervical and the first five dorsal ver-
tebrae which are preserved in articulation, plus one isolated cer-
vical vertebra. Additionally, four articulated dorsal vertebrae are
preserved in block 2, which represent more posterior vertebrae
and are not continuous with the series preserved in block
1. Sacral vertebrae are not preserved and only eight caudal ver-
tebrae are present, preserved as four isolated pairs of vertebrae,
two of which are preserved in blocks 4 and 5. In total, 23 ver-
tebrae are preserved: six cervical vertebrae, nine dorsal ver-
tebrae, and eight caudal vertebrae. CT data were obtained for
all cervical vertebrae and five of the dorsal vertebrae. All ver-
tebrae of T. hingleyae are amphicoelous, as is typical for most
non-eusuchian crocodylomorphs.
Cervical Vertebrae and Ribs—The last five cervical vertebrae

are preserved in articulation in block 1, with their right side
exposed (Fig. 1). Additionally, there is an isolated cervical verte-
bra in the same block, which was probably originally located
anterior to these five articulated vertebrae (i.e., between the
atlas-axis and the last five cervical vertebrae) and has the
dorsal surface of its centrum exposed. The cylindrical centra
are slightly anteroposteriorly longer than dorsoventrally high.
The anterior and posterior articular surfaces are slightly
concave. In more anterior vertebrae, these articular surfaces
are slightly higher than wide, whereas in more posterior ones
the centra are nearly as high as wide, forming a more circular
surface (Fig. 7A–E). In ventral view, cervical centra are
roughly hourglass-shaped, due to the thick margins of the
anterior and posterior articular surfaces of the centra (Fig. 7E).
As in all thalattosuchians, cervical or dorsal vertebrae do not
bear distinctive hypapophyses. The ventral surface of the cervical

centra of Turnersuchus hingleyae exhibits a ventral keel ranging
anteroposteriorly through the midline the vertebrae (Fig. 7E),
similar to the condition seen in other thalattosuchians, such as
Indosinosuchus potamosiamensis (PRC-18; Martin et al. 2019),
Enaliosuchus macrospondylus (MB.R.1943.3; Sachs et al. 2020)
and Pelagosaurus typus (BSGP 1890 I 510/1).
The cervical transverse processes, or diapophyses, and parapo-

physes of Turnersuchus hingleyae bear the facets for the attach-
ment of the cervical ribs (tuberculum and capitulum). The
parapophyses are located anteroventrally on the centrum, and
project ventrolaterally (Fig. 7A, B). The diapophyses project
from around anteroposterior midpoint of each vertebra, originat-
ing on the lateral surface of the neural arch base, and from
slightly more dorsally in the last cervical vertebra (a pattern
also observed in other thalattosuchians, including teleosauroids
and metriorhynchoids; Wilkinson et al., 2008). The diapophyses
are strongly inclined ventrolaterally, although slightly less so in
the final cervical vertebra (Fig. 7A, B). All five articulated cervi-
cal vertebrae preserve the neural arches. Additionally, the iso-
lated cervical vertebra also preserves part of its left neural arch.
The prezygapophyses and postzygapophyses of the cervical

vertebrae are at the same height, dorsal to the neural arches
(Fig. 7A–E). Prezygapophyses are anterodorsally oriented in
lateral view (Fig. 7C) and the articular facets face dorsomedially
at an angle of nearly 45°, as in other thalattosuchians, such as
Pelagosaurus typus (BRLSI M3578; Pierce & Benton, 2006),
Enaliosuchus macrospondylus (MB.R.1943.6; Sachs et al.,
2020), and Charitomenosuchus leedsi (NHMUK PV R 3806;
Andrews, 1913). The prezygapophyses of more posterior cervical
vertebrae do not differ much, in shape or orientation, from the
anterior ones. Postzygapophyses are slightly larger than prezyga-
pophyses, but also do not differ much from more anterior to
more posterior cervical vertebrae. Postzygapophyses exhibit
suprapostzygapophyseal laminae (sensu Pol, 2005) on their
dorsal surfaces, as in other crocodylomorphs, such as the notosu-
chians Notosuchus terrestris (MACN-RN 1037; Pol, 2005) and
Araripesuchus tsangatsangana (FMNH PR 2297; Turner, 2006),
but also observed in thalattosuchians, such as in Torvoneustes
carpenteri (BRSMG Cd7203; Wilkinson et al., 2008) and Teleido-
saurus calvadosii (MPV 20120.3.45; Hua, 2020). Both suprapost-
zygapophyseal laminae join each other medially, forming the
neural spine dorsally. All five articulated cervical vertebrae
have their neural spine completely preserved, although in the
last three vertebrae the dorsal-most tips of the neural spine are
displaced from their original position (Fig. 7A–E). All five
neural spines are rounded dorsally and are slightly shorter dorso-
ventrally than the dorsoventral height of the centrum. Neural
spines of more posterior cervical vertebrae appear to be propor-
tionally longer anteroposteriorly than more anterior ones,
although they are broken dorsally, preventing accurate
assessment.
The five articulated cervical vertebrae also preserve their right

cervical ribs (Fig. 7A–E). The ribs are not attached to the ver-
tebrae, but are preserved only slightly displaced from their orig-
inal positions. The ribs are “double-headed” and exhibit a typical
crocodylomorph morphology of postaxial cervical ribs (Mook,
1921). The first four ribs of the series are very similar in shape
to each other, with a mediolaterally flattened shaft extending par-
allel to the longitudinal axis of the vertebral column, and a pair of
processes, tuberculum and capitulum, that attach to the diapo-
physis and parapophysis, respectively. The shaft of these four
ribs bears anterior and posterior processes, with the posterior
being more elongated. In these ribs, the tuberculum and capitu-
lum project distally from their attachment with diapophysis and
parapophysis, making them perpendicular to the shaft of the ribs.
The tuberculum is slightly longer than the capitulum, whereas
the capitulum is more anteriorly positioned, so that the two pro-
cesses are not exactly in parallel. The first three ribs of the series
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FIGURE 7. Cervical and dorsal vertebrae of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45).A, digital model of vertebral series of the last
five cervical vertebrae with cervical ribs in right lateral view; B, line interpretation of same (without the ribs); C, line interpretation of the first cervical
vertebra of the series in anterior view;D, line interpretation of same in right lateral view;E, line interpretation of same in ventral view; F, digital model
of vertebral series of the first five dorsal vertebrae with ribs in right lateral view;G, line interpretation of same (without the ribs);H, line interpretation
of the second dorsal vertebra of the series in anterior view; I, line interpretation of same in right lateral view; J, line interpretation of same in ventral
view.Abbreviations: aas, anterior articular surface; cr, cervical rib; dr1, first dorsal rib; dv1, first dorsal vertebra; dv2, second dorsal vertebra; dv3, third
dorsal vertebra; dia, diapophysis; lcr, last cervical rib; lcv, last cervical vertebra; nsp, neural spine; pap, parapophysis; poz, postzygapophysis; prz, pre-
zygapophysis; vk, ventral keel.
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are nearly completely preserved, whereas the fourth lacks the
anterior- and posterior-most processes of the shaft. The last cer-
vical rib is comparatively more elongated than the other four,
although not as long as the dorsal ribs. In this last cervical rib,
tuberculum and capitulum are not perpendicular to the shaft,
but rather look like direct extensions of the shaft, projecting pos-
teriorly from the diapophysis and parapophysis.
Dorsal Vertebrae and Ribs—The first five dorsal vertebrae are

preserved in articulation in block 1, with their right and ventral
surfaces mostly exposed (Fig. 1). There are also four dorsal ver-
tebrae preserved in articulation in block 2 (Fig. 8), the exact pos-
ition of which in the vertebral column cannot be verified, but
were probably only slightly posterior to the vertebral series pre-
served in block 1. We will focus our description of the dorsal ver-
tebrae on the ones preserved in block 1 (Fig. 7F–J), given that
these were CT-scanned, but the vertebrae in block 2 will be men-
tioned when appropriate.
Only the first three vertebrae of the series in block 1 preserve

their centra, which are missing in the last two vertebrae of the
series. Similar to the cervical vertebrae, the cylindrical centra of
dorsal vertebrae of Turnersuchus hingleyae are anteroposteriorly
longer than dorsoventrally high, with more posterior vertebrae
becoming even longer anteroposteriorly (a pattern confirmed in
the vertebrae preserved in block 2), as also seen in Indosinosu-
chus potamosiamensis (PRC-20 and PRC-21; Martin et al.
2019), Enaliosuchus macrospondylus (MB.R.1943.6; Sachs et al.
2020), Charitomenosuchus leedsi (NHMUK PV R 3806;

Andrews, 1913) and Cricosaurus araucanensis (MLP 72-IV-7-1;
Herrera et al. 2013). The concave anterior and posterior articular
surfaces of the centra are similar to the ones observed in the pos-
teriormost cervical vertebrae, with roughly circular surfaces,
nearly as high as wide (Fig. 7H). The centra exhibit an hourglass
shape in ventral view, as a consequence of the thicker margins of
the anterior and posterior articular surfaces, similar to the cervical
centra (Fig. 7J). However, in the first two dorsal vertebrae, the
parapophyses project from a level ventral to the neural arches
and are located near the anterior articular surface, which gives
these two vertebrae laterally expanded anterior halves of the
centra in ventral view. The dorsal vertebrae of T. hingleyae lack
the clear ventral keel seen in cervical centra, a condition also
observed in Magyarosuchus fitosi (MTM V.97.26; Ősi et al.,
2018), Indosinosuchus potamosiamensis (RMH uncataloged;
Martin et al. 2019) and Enaliosuchus macrospondylus (Sachs
et al. 2020).
The parapophyses of the first two dorsal vertebrae of Turner-

suchus hingleyae are more ventrally located (i.e., placed on the
centra) than those of more posterior vertebrae, in which the
parapophyses project laterally from the same level of the
neural arches, more closely located to the transverse processes
(Fig. 7G, H). The transverse processes of the first two vertebrae
are nearly cylindrical and project laterally from the neural arches,
whereas those of the remaining dorsal vertebrae become increas-
ingly more inclined dorsally and anterodorsally flat. Similar to
the cervical vertebrae, the parapophyses of dorsal vertebrae

FIGURE 8. Block 2 containing four dorsal ver-
tebrae, the right ulna, and dorsal ribs and gastra-
lia of Turnersuchus hingleyae gen. et sp. nov.
(LYMPH 2021/45).
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are located near the anterior margin of the centra in lateral view,
whereas the transverse processes are placed near the middle of
the anteroposterior extension of the centra. This is similar to
the condition of Enaliosuchus macrospondylus (Sachs et al.,
2020) and Magyarosuchus fitosi (MTM V.97.26.; Ősi et al.,
2018), but different from what is seen in Charitomenosuchus
leedsi (NHMUK PV R 3806; Andrews, 1913), in which the para-
pophyses are not as anteriorly located, particularly in more
anterior dorsal vertebrae.

The neural arches are present in the first three vertebrae of the
series and also partially preserved in the two remaining ver-
tebrae. Nevertheless, the preservation of the region of the
neural arches is not ideal, particularly in more posterior ver-
tebrae, preventing a clear assessment of the morphology of the
neural spines. In more anterior dorsal vertebrae, the prezygapo-
physes and postzygapophyses are better preserved and located
dorsal to the neural arches in lateral view (Fig. 7G, I). In compari-
son to the prezygapophyses of cervical vertebrae, those of dorsal
vertebrae have their articular facets more inclined and slightly
more turned medially.

The first three dorsal vertebrae in block 1 preserve the proxi-
mal portions of their associated ribs nearly in articulation,
whereas three other partial dorsal ribs are also preserved in the
block but not in articulation. Some dorsal vertebrae and gastralia
are also preserved in block 2 (Fig. 8). The first three dorsal ribs of
Turnersuchus hingleyae exhibit a proximal morphology similar to
that of other crocodylomorphs (Mook, 1921), with the capitulum
longer than the tuberculum. The tuberculum is parallel with the
axis of the rib shaft, whereas the capitulum forms an angle of
nearly 45° with the shaft. The third rib is better preserved, exhi-
biting a long and slightly curved shaft that projects posteriorly at
least to the level of the fifth dorsal vertebra.

Caudal Vertebrae—Two pairs of caudal vertebral centra are
partially preserved in blocks 4 and 5 (Fig. 9A, B). Additionally,
two other pairs of vertebral centra are present (Fig. 9C, D),
which are probably caudal vertebrae, but the poor preservation
prevents an unambiguous assignment. Therefore, we focus our
description of caudal vertebrae on the pairs preserved in
blocks 4 and 5. After the submission of this work, an additional
pair of partial vertebral centra associated with the holotype
was donated to LYMPH and reposited under the same specimen
number (LYMPH 2021/45). These elements provide no
additional information beyond that of the other elements. Photo-
graphs of this material are available at www.morphobank.org/
permalink/?P4271.

Using Magyarosuchus fitosi (MTMV.97.28.; Ősi et al., 2018)
and Cricosaurus araucanensis (MLP 73-II-27-6; Herrera et al.,
2013) as reference specimens (given the fairly complete descrip-
tion of their caudal series), the caudal vertebrae in these two
blocks probably represent anterior (block 4) and posterior
(block 5) caudal vertebrae. The anterior and posterior articular
surfaces are concave and the ventral surface does not bear any
ridge. As in other vertebrae of Turnersuchus hingleyae, the
centra are anteroposteriorly longer than dorsoventrally high.
The centra in block 5 exhibit the typical morphology of more pos-
terior caudal vertebrae, with mediolaterally compressed lateral
surfaces and strongly concave ventral surfaces, which gives the
centra a more rectangular look in lateral view, similar to what
is seen in Neosteneosaurus edwardsi (NHMUK PV R 3701;
Andrews, 1913).

Appendicular Skeleton

Pectoral Girdle—The right coracoid and scapula are preserved
in articulation in block 1, with their lateral surfaces exposed (Fig.
10). The coracoid preserves only its proximal end, lacking the
shaft and distal portion, whereas the scapula is almost completely
preserved, but broken. The bones are larger and longer than

FIGURE 9. Caudal vertebrae of Turnersuchus hingleyae gen. et sp. nov.
(LYMPH 2021/45). A, block 5 containing caudal vertebrae from a rela-
tively posterior position in series; B, block 4 containing one complete
and one partial caudal vertebra from a relatively anterior position in
the series; C, pair of likely caudal centra; D, second pair of likely
caudal centra.
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those of some metriorhynchids, such as Cricosaurus araucanensis
(MLP 72-IV-7-1; Herrera et al. 2013), in which the pectoral girdle
and forelimb bones are extremely reduced in size. The proximal
portion of the coracoid is similar to that of Magyarosuchus fitosi
(MTM V.97.7.; Ősi et al., 2018) and Charitomenosuchus leedsi
(NHMUK PV R 3806; Andrews, 1913), with its lateral surface
bearing an oval-shaped coracoid foramen and its posterodorsal
corner bearing a nearly flat surface that contributes to the
glenoid fossa. The scapula of Turnersuchus hingleyae is relatively
flat, with expanded and nearly equally wide distal and proximal
ends (scapular blade and scapulocoracoid articulation, respect-
ively), which gives it an almost bow-tie shape, similar to the sca-
pulae of Pelagosaurus typus (BRLSI M3578; Pierce & Benton,
2006) and Macrospondylus bollensis (SMNS 51563; Mueller-
Töwe, 2006), but slightly different from the more rod-like
shape of the scapula of Charitomenosuchus leedsi (NHMUK
PV R 3806; Andrews, 1913). The anterior margin of the
scapula of Turnersuchus is more strongly concave than is the pos-
terior margin. This differs from the more symmetrical scapula of
Pelagosaurus (BRLSI M1418; Pierce & Benton, 2006), but is
shared with some teleosauroids (e.g., Indosinosuchus potamosia-
mensis [Martin et al., 2019]; Lemmysuchus obtusidens [Johnson
et al., 2017]). The proximal most portion of the scapula is

detached from the remainder of the bone, making the proximal
end slightly displaced from the scapular shaft. Nevertheless,
some features of the proximal end can still be observed, such
as the faint deltoid crest. Both scapula and coracoid make a
broad contact and contribute nearly equally in the glenoid fossa.
Forelimb—The proximal end of the right humerus is preserved

in block 1, with its medial surface exposed and not in articulation
with the pectoral girdle bones (indeed, the articulation surface is
not preserved; Figs. 1, 10). The humerus of Turnersuchus hingle-
yae is relatively flat and broad, with the preserved portion of the
shaft nearly straight. The region is not ideally preserved, but the
deltopectoral crest seems relatively small, similar to that of
Zoneait nargorum (UOMNH F39539; Wilberg, 2015a) or Pelago-
saurus (UH 4; Mueller-Töwe, 2006) which show a dorsoventrally
thin and reduced crest, with probably less than one-third of the
humerus length, but not as reduced as the crests of metriorhynch-
ids (e.g., Cricosaurus araucanensis; Herrera et al., 2013). The
right ulna is preserved in block 2, lacking only its distal end
and with its medial surface exposed (Fig. 8). The proximal
surface is twice as wide as the ulnar shaft. The ulna is not as
strongly “J”-shaped as those of Zoneait nargorum (UOMNH
F39539; Wilberg, 2015a) and Neosteneosaurus edwardsi
(NHMUK PV R 3701; Andrews, 1913), due to a less developed

FIGURE 10. Appendicular bones of Turnersuchus hingleyae gen. et sp. nov. (LYMPH 2021/45). A, digital model of the right scapula and coracoid in
lateral view;B, line interpretation of same;C, digital model of the proximal right humerus in medial view;D, right ulna in medial view;E, digital model
of dorsal (caudal?) osteoderm in dorsal view. Abbreviations: co, coracoid; cf, coracoid foramen; dc, deltoid crest; dpc, deltopectoral crest; gl, glenoid
fossa; hs, humeral shaft; ol, olecranon process; pt, pits; sc, scapula; scb, scapular blade; us, ulnar shaft.
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olecranon process. Instead, the ulnar shaft of T. hingleyae is more
curved than in these two taxa. Similar to Zoneait nargorum
(UOMNH F39539; Wilberg, 2015a) and Neosteneosaurus
edwardsi (NHMUK PV R 3701; Andrews, 1913), the ulna of
T. hingleyae is reduced in size relative to the humerus (less
than half of the humeral length), but proportionally larger than
those of metriorhynchids (e.g., Cricosaurus araucanensis; MLP
72-IV-7-1; Herrera et al., 2013).

Osteoderms

Only one dorsal osteoderm is preserved, in block 1 (Figs. 1, 10).
It is oval-shaped, with a faint anteroposterior dorsal keel. Its
shape and relatively small size suggest that it corresponds to a
distal caudal osteoderm. Very few distal caudal osteoderms are
reported for thalattosuchians, but the osteoderm of Turnersuchus
hingleyae resembles one of the caudal osteoderms assigned to
Charitomenosuchus leedsi (NHMUK PV R 3806; Andrews,
1913). It has a pitted ornamentation on its dorsal surface, with
the pits being well separated from one another.

RESULTS

Phylogenetic Analyses

Analysis of the Wilberg et al. (2019) matrix resulted in eight
most parsimonious trees (MPTs) with a length of 1774 steps, a
consistency index (CI) of 0.309 and a retention index (RI) of
0.753 (Fig. 11A). The new taxon is recovered as the earliest diver-
ging thalattosuchian, with the remainder of Thalattosuchia con-
sisting of a monophyletic Teleosauroidea and
Metriorhynchoidea. Four unambiguous synapomorphies unite
T. hingleyae with Thalattosuchia: (1) presence of a posterolater-
ally directed fossa on posterolateral margin of squamosal
(82.1); (2) insignificant/weakly developed squamosal overhang
of lateral temporal region (84.0); (3) triangular retroarticular
process posterodorsally curving and elongate (300.3); and (4)
glenoid surface of coracoid extended on an oblique plane and
glenoid lip facing outwards and posteroventrally (365.2).

Analysis of the matrix of Herrera et al. (2021) results in
165,888 MPTs with a length of 1783 steps, a CI of 0.403, and a
retention index of 0.834 (Fig. 11B). This analysis also recovers
T. hingleyae as the earliest diverging thalattosuchian (with Eop-
neumatosuchus as sister to this clade). Five characters unite
T. hingleyae with Thalattosuchia: (1) complex dorsal surface of
skull roof (110.0); (2) longitudinal groove absent from dorsolat-
eral edge of squamosal (154.0); (3) prootic exposed in dorsal view
(245.0); (4) quadrate lacking contact with laterosphenoid (264.0);
and (5) anteroventral (orbital) process of quadrate free of bony
attachment along anteromedial surface but contacts pterygoid
ventrally (266.2).

While numerous synapomorphies support Turnersuchus as a
member of Thalattosuchia in each dataset, only a single character
in each unambiguously supports the exclusion of Turnersuchus
from Metriorhynchoidea + Teleosauroidea. For the Wilberg
et al. (2019) dataset, this character is the lack of pendulous
basioccipital tubera (217.1). For the Herrera et al. (2021)
dataset, the character is the presence of a more strongly
concave anterior than posterior margin of the scapula (426.1).
For the Wilberg et al. (2019) matrix in trees one step longer
than the most parsimonious, Turnersuchus is alternatively recov-
ered as the earliest-branching metriorhynchoid, the earliest-
branching teleosauroid, or sister to Plagiophthalmosuchus at
the base of Teleosauroidea. Trees one step longer than the
most parsimonious for the Herrera et al. (2021) matrix include
Turnersuchus as the basal-most metriorhynchoid, basal-most tel-
eosauroid, or Plagiophthalmosuchus (and the highly fragmentary

Peipehsuchus) shifting to the stem of Thalattosuchia (sometimes
in a more basal position than Turnersuchus).

Time-calibration of the Topologies

Results of the Bayesian tip-dating analyses are presented in
Figure 12 (time-scaled tree files are available on MorphoBank;
www.morphobank.org/permalink/?P4271). Analysis of the
Wilberg et al. topology recovers the origination time for Thalat-
tosuchia constrained between 221.2 and 195.09 Ma (95% highest
posterior density, HPD), spanning from the Norian to the Het-
tangian, with a median age of 209.01 Ma, within the Norian.
Analysis of the Herrera et al. topology recovers a Sinemurian
(195.44 Ma) median origination age for Thalattosuchia, with
the 95% HPD ranging from the Norian to Pliensbachian
(204.43–190.12 Ma).

DISCUSSION

Plesiomorphic Thalattosuchian Condition

Turnersuchus is here recovered as the earliest diverging thalat-
tosuchian (sister to Metriorhynchoidea + Teleosauroidea; Fig.
11A, B). In many aspects it resembles Plagiophthalmosuchus
and Pelagosaurus, the earliest diverging members of Teleosauroi-
dea and Metriorhynchoidea, respectively. Turnersuchus shares a
number of features with Plagiophthalmosuchus and Pelago-
saurus, helping to cement these as plesiomorphic traits for the
group. These include: large supratemporal fenestrae; lack of a
flat skull table; ornamentation of the bones of the lateral tem-
poral bar; presence of a squamosal facet; quadrate forming
anterior, dorsal, and ventral margins of the external otic aperture
(squamosal excluded from aperture margin); fused pterygoids (at
least posteriorly); broad ventrolateral process of the otoccipital
overlapping the dorsal surface of quadrate; and broad exposure
of prootic on lateral braincase wall. However, it differs from
both in two key ways that one might expect from an earlier diver-
ging member of the group: (1) the quadrate is less integrated with
the braincase than other thalattosuchians (in Turnersuchus, the
orbital process of quadrate is broadly separated from the trigem-
inal foramen and laterosphenoid); (2) it possesses more poorly
developed basioccipital tubera.

A major evolutionary trend in crocodylomorphs is the devel-
opment of a robust, akinetic skull (Walker, 1972, 1990; Benton
& Clark, 1988; Busbey, 1995; Clark et al., 2004; Pol et al.,
2013). One of the primary drivers of this trend involves the
expansion of the quadrate such that it articulates extensively
with bones of the braincase. In early crocodylomorphs such as
Sphenosuchus, the head of the quadrate shifts anteriorly and
medially, developing a contact with the prootic (Walker, 1990).
Further articulation of the quadrate with the braincase devel-
oped in the later-diverging sphenosuchians. In Junggarsuchus,
the quadrate develops a tight articulation with the posterior
skull via sutures with the otoccipital (Clark et al., 2004; Pol
et al., 2013). The quadrate becomes further articulated with the
braincase in Almadasuchus, with extensive sutures between the
quadrate, otoccipital, and basisphenoid. Among crocodyliforms,
this trend continues with the anteromedial expansion of the
quadrate, expanding over the prootic to contact the laterosphe-
noid along the lateral wall of the braincase (Benton & Clark,
1988; Pol et al., 2013; Melstrom et al., 2022) and the parietal in
the supratemporal fossa (Leardi et al., 2020).

In terms of quadrate morphology, thalattosuchians appear
intermediate between late-diverging sphenosuchians, and croco-
dyliforms. The thalattosuchian quadrate is tightly sutured with
the otoccipital and basisphenoid. However, it lacks the broad
expansion onto the lateral braincase wall typical of crocodyli-
forms. The medial part of the primary head of the thalattosuchian
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FIGURE 11. Phylogenetic placement of Turnersuchus hingleyae gen. et sp. nov. (in bold) with trees calibrated to stratigraphy. A, strict consensus of
eight most parsimonious trees of 1774 steps (CI = 0.309; RI = 0.753) resulting from analysis based on the dataset of Wilberg et al. (2019); B, strict con-
sensus of 165,888 most parsimonious trees of 1783 steps (CI = 0.403; RI = 0.834) resulting from analysis based on the dataset of Herrera et al. (2021).
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FIGURE 12. Results of the Bayesian time-calibration analyses (95% HPD age ranges for each node indicated by horizontal bars). For visualization
purposes, Crocodylia is omitted in both trees, even though representatives of the group were included in the analyses.A. time-scaled strict consensus
resulting from analysis of the dataset based on Wilberg et al. (2019); B, time-scaled strict consensus resulting from analysis of the dataset based on
Herrera et al. (2021) with the position of Eopneumatosuchus manually changed to fall within Protosuchidae.
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quadrate articulates with the a broadly exposed prootic, but lacks
a contact with the laterosphenoid or parietal. The pterygoid
process of the quadrate has a relatively short suture with the pter-
ygoid ventrally, and a more dorsally positioned orbital process
that projects along the lateral wall of the braincase but does
not suture to the adjacent bones. In other thalattosuchians
(e.g., Pelagosaurus, Macrospondylus, Teleosaurus, Cricosaurus),
this orbital process projects anterior to the trigeminal foramen,
forming part of the floor of the trigeminal fossa. The orbital
process of Turnersuchus is shorter than that of Pelagosaurus
(NHMUK PV OR 32599; Holliday & Witmer, 2009), ending
well posterior to the trigeminal foramen (Fig. 3A, B). It is
likely that the slight disarticulation of the bones of the braincase
has exaggerated this feature, but it still seems doubtful the orbital
process would have reached this far anteriorly. This demon-
strates that the quadrate of Turnersuchus is less integrated into
the lateral wall of the braincase than in crocodyliforms, or even
in later diverging thalattosuchians.
A second feature in which Turnersuchus appears more plesio-

morphic than later-diverging thalattosuchians relates to the
development of the basioccipital tubera. Enlarged basioccipital
tubera are not a unique feature of thalattosuchians. Rather, the
possession of enlarged tubera have been suggested to correlate
with longirostry (Langston, 1973; Clark, 1994; Busbey, 1995;
Brochu, 2001; Pol & Gasparini, 2009), likely reflecting modifi-
cations to the M. basioccipitovertebralis and
M. occipitotransversalis muscles related to moving an elongate
skull with a slender snout. Nearly all thalattosuchians possess
highly elongate, slender snouts (Drumheller & Wilberg, 2020),
including all previously known early-diverging forms (e.g., Pela-
gosaurus, Plagiophthalmosuchus). That Turnersuchus possesses
poorly developed tubera suggests that it may have possessed a
shorter snout than later thalattosuchians and that longirostry
may not be the plesiomorphic condition of the clade. The only
other thalattosuchian with rather poorly developed basioccipital
tubera is Dakosaurus andiniensis, which possesses a remarkably
short snout (Pol & Gasparini, 2009). While the snout of Turner-
suchus may not have been as elongate as that of Pelagosaurus or
Plagiophthalmosuchus, the shape of the preserved portion of the
anterior dentary indicates that the snout was likely slender, even
if not particularly elongated.

Divergence Time of Thalattosuchia

Turnersuchus helps fill in part of the unsampled ghost lineage
of Thalattosuchia. However, the time-scaling analyses suggest
this lineage continues deeper, though the length of the
unsampled time varies depending on the tree topology. If thalat-
tosuchians are early-diverging mesoeucrocodylians (as in the
Herrera et al. topology), then the remaining length of this
unsampled lineage is short, most likely extending to the Sinemur-
ian. If thalattosuchians are the sister-group to Crocodyliformes
(as in the Wilberg et al. topology), then this ghost lineage
extends much further, into the Norian (representing a 13.57
Ma difference between the two topologies). The 95% HPD
ranges of both topologies include Thalattosuchia origination
times in the Late Triassic, although in the Herrera et al. topology
the oldest possible age of origination for the group would not
exceed the Rhaetian, whereas in the Wilberg et al. topology
the maximum age of the 95% HPD range would be 18.13 Ma
older, within the Norian.
During the revisions to this manuscript, a new thalattosuchian

specimen was published from the Hettangian–Sinemurian of
Morocco (Hicham et al., in press). This new specimen is assign-
able to Thalattosuchia. The authors further assign it to Teleosaur-
oidea indet. based on mandibular, premaxillary, and maxillary
characters shared with that group. The new discovery corrobo-
rates the predictions made in this work that thalattosuchian

specimens should be found in sediments older than the Pliensba-
chian and supports a thalattosuchian origin prior to the Hettan-
gian–Sinemurian, likely in the Late Triassic (as predicted in the
time-scaling analyses presented here).
Crocodylomorpha is the only pseudosuchian lineage to survive

the end-Triassic Mass extinction event (e.g., Brusatte et al., 2008;
Stubbs et al., 2013). However, within Crocodylomorpha, multiple
individual lineages are inferred to have crossed the Triassic/Juras-
sic boundary (e.g., Leardi et al., 2017; Turner et al., 2017). Cur-
rently, only two crocodyliform species are known from the
Triassic: Hemiprotosuchus leali, and Coloradisuchus abelini—
both from Norian deposits in northwestern Argentina (Martínez
et al., 2018), providing direct evidence that Protosuchidae
crossed the boundary. Our time-scaling analyses also suggest
other crocodylomorph lineages, including Thalattosuchia, origi-
nated in the Triassic and survived the extinction event (Fig. 12).
The survivorship of crocodylomorphs inhabiting different environ-
ments (e.g., terrestrial protosuchids and aquatic thalattosuchians)
indicates that habitat preference did not play a central role in
extinction selectivity of pseudosuchians, in agreement with pre-
vious investigations of possible drivers (biotic and abiotic)
during the end-Triassic Mass extinction event (Allen et al., 2019).

CONCLUSION

Turnersuchus represents the earliest diagnostic thalattosuchian
material known to date. Our phylogenetic analyses recover it as
the earliest diverging thalattosuchian. However, this position is
supported by only a single unambiguous synapomorphy in each
analysis and may change with the addition of new taxa or charac-
ters. Morphologically, Turnersuchus resembles Pelagosaurus and
Plagiophthalmosuchus in many ways, helping to cement numerous
features such as large supratemporal fenestrae, presence of a squa-
mosal facet, broad exposure of the prootic on the lateral braincase
wall, and orbital process of the quadrate without bony attachment
to the laterosphenoid or parietal as plesiomorphic for the group.
Supporting its position as the earliest diverging member of the
clade, Turnersuchus possesses weakly developed basioccipital
tubera and a quadrate less integrated with the braincase relative
to other thalattosuchians. Time-scaling analyses recover a Late
Triassic–Early Jurassic origin of Thalattosuchia, suggesting that a
significant ghost lineage remains.
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