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ARTICLE

COELACANTHIFORM FISHES OF THE BRITISH RHAETIAN

JACOB G. QUINN, 1 DAVID I. WHITESIDE, 1,2 PABLO TORIÑO, 3 EVANGELOS R. MATHEAU-RAVEN,4† and
MICHAEL J. BENTON 1*,

1School of Earth Sciences, University of Bristol, Bristol BS8 1TF, U.K., xf21604@bristol.ac.uk, David.Whiteside@bristol.ac.uk,
mike.benton@bristol.ac.uk;

2Fossil Reptiles, Amphibians and Birds Section, The Natural History Museum, Cromwell Road, London SW7 5BD, U.K.;
3Instituto de Ciencias Geológicas, Departamento de Paleontología, Facultad de Ciencias, UdelaR, Montevideo, 11.400, Uruguay.

Centro Universitario Regional Noreste–sede Tacuarembó, Universidad de la República, Tacuarembó, Uruguay,
paleopablo@gmail.com;

4131 New Road, Woodston, Peterborough, Cambridgeshire PE2 9HE, U.K., pangaea39@aol.com

ABSTRACT—Coelacanth fishes are well represented in the fossil record, ranging in age from the Early Devonian to the
present day, though now represented by only two species of the genus Latimeria. After some diversification of form in the
Early Devonian, the morphology of coelacanths remained relatively stable throughout the Mesozoic, with distinctive
mawsoniid and latimeriid coelacanth morphologies established by the Late Jurassic. Coelacanth remains are well known
from Paleozoic and Cretaceous rocks in Britain but poorly known from the Late Triassic. Recently, it was shown that
many isolated coelacanth bones from the Rhaetian (latest Triassic) bonebeds had been misidentified as elements of the
enigmatic thalattosaur Pachystropheus rhaeticus. We further identify a number of coelacanth bones, primarily from the
skull, providing descriptions of each for the first time. For some bones, we describe numerous morphotypes, suggesting
more than one taxon was present. Most specimens pertain to Mawsoniidae, while others may be assignable to
Latimeriidae or are indeterminate coelacanths. We highlight taxonomic misidentifications to show that coelacanth
specimens from the British Rhaetian have been confused as far back as the late 1800s. Numerous morphotypes of many
bones in the sample hint at a complex community structure, with individuals of varying age, size, and likely several
species, supported within the ecosystem. The fossil occurrences suggest these Triassic coelacanths preferred shallow water
environments, matching our observation that many specimens pertain to Mawsoniidae, a clade elsewhere reported from
brackish, near-shore conditions. In light of recent findings, the new specimens reinforce a European Triassic diversification
for Mawsoniidae, which probably influenced their subsequent diversification and dispersion during the Jurassic.
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INTRODUCTION

Coelacanth fishes are known from a range of fossils, as well as
two living species of the genus Latimeria, the first discovered off

the east coast of Africa in 1938, and the second in the western
Pacific in 1998 (Clement et al., 2024; Forey, 1998, 2009). After
some early divergence in form as the coelacanths split from other
osteichthyans in the Early Devonian, the body plan of coelacanths
remained relatively stable throughout the Mesozoic, especially
from the Late Cretaceous onwards (e.g., Cavin et al., 2021;
Clement et al., 2024; Ferrante & Cavin, 2023; Forey, 1998;
Friedman&Coates, 2006; Toriño, et al., 2021a). Still, the livingLati-
meria is a popular classic example of a “living fossil” (e.g., Forey,
2009).

Morphological diversity peaked along with increased specia-
tion in the Early Triassic (Cloutier, 1991a, 1991b; Cloutier &
Forey, 1991; Forey, 1991, 1998; Toriño et al., 2021a; Wen et al.
2013), though it has been argued that coelacanths displayed
little morphological disparity at that time (Schaeffer, 1952).
After this peak, coelacanth diversity then declined through the
Middle to Late Triassic before stabilizing (Clement et al., 2024;
Ferrante & Cavin, 2023). From the Late Triassic to the Late
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Cretaceous, the dominant coelacanths were two lineages of Lati-
merioidae (Cavin et al., 2019, 2021): Latimeriidae, including the
extant Latimeria, are regarded as marine, deep-water fish, while
Mawsoniidae are considered to be brackish or freshwater fish
(Cavin et al., 2021; Cupello et al., 2016).
In the U.K., coelacanths are well known from the Paleozoic

and Cretaceous (Forey, 1998). Further, coelacanths are promi-
nent in the Triassic of Europe, America, and China (Clement
et al., 2024). Despite this rich fossil record, specimens of coela-
canths are poorly known in the Late Triassic of Britain, being
described from scant and isolated material, including four quad-
rate bones and a single gular plate of an indeterminate coela-
canthiform (Allard et al., 2015; Duffin, 1978:fig. 7; Duffin, 1999:
fig. 8; Hauser & Martill, 2013; Moreau et al., 2021). In a recent
study of the enigmatic thalattosaur Pachystropheus rhaeticus,
Quinn et al. (2024) recognized that some appendicular bones
and the only cranial element of the reptile had been incorrectly
identified, and instead belong to coelacanths. Here we describe
these elements, including further materials rediscovered in col-
lections, as well as those previously reported, to create a compre-
hensive description of all known coelacanth material from the
British Rhaetian.

GEOLOGICAL SETTING

We report specimens from the Rhaetian Westbury Formation
(Penarth Group; Fig. 1) and Rhaetian-aged fissure deposits at
Holwell, Somerset (Duffin, 1978:fig. 7; Duffin, 1999:fig. 8). The
fissure deposits at Holwell are preserved in Neptunian dykes
(Robinson, 1957; Weeks et al., 2025; Whiteside & Duffin,
2017), which are sediment-filled fissures that filled by injection
during tectonic activity that faulted and jointed the underlying
Carboniferous limestone. The infilling of these fissures is
thought to have been rapid, with the soft sediment drawn into
the tectonically generated fissures as they open, thus dating the
age of the infill with the formation of the fissure (Wall &
Jenkyns, 2004; Whiteside & Duffin, 2017).
Remains of coelacanths are relatively common in the West-

bury Formation, the most basal unit of the Rhaetian Penarth
Group (Fig. 1A); extensive outcrops occur around the Bristol
Channel, as well as in the English Midlands and Northern
Ireland (Fig. 1B; Storrs, 1994). The unit comprises black
shales interbedded with siltstones, limestones, and shelly
bedding planes varying between 1–15 m in thickness (Storrs
et al., 1996). The sedimentology, palynology, and paleontology
of the Westbury Formation are well documented (Quinn et al.,
2024; Warrington et al., 2008; Whiteside & Marshall, 2008).
Of particular interest are mudstone horizons known as ‘Rhaetic

Bone beds,’ which are interpreted as having been deposited in a
shallow, storm-dominated shelf sea (Allington-Jones et al., 2010;
Williams et al., 2022). The beds are evidence of the start of exten-
sive and disconformable marine transgression, as well as the end
of regional continental deposition in the Triassic (Storrs, 1994;
Storrs et al., 1996). The Westbury Formation likely represents
quite a short duration (<1 Myr), so despite multiple bone beds
and lateral variation between locations, we can treat them as essen-
tially coeval (Williams et al., 2022). The rock sequences are cyclical,
suggestingfluctuation inwaterdepthanddepositional conditions in
marine environments on the continental shelf (Ivimey-Cook, 1974;
Larkin et al., 2020; Storrs, 1994). The depth of the water was rela-
tively shallow and poorly circulated, as evidenced by the pyrite in
the sediment which is indicative of an anoxic sea floor (Suan
et al., 2012); the nearshore conditions in the Late Triassic ‘Bristol
Archipelago’ resulted in high organic and terrestrial iron inputs,
that can also be attributed to anoxic conditions (Lovegrove et al.,
2021; Storrs, 1994).
Many of the new coelacanth fossils described here occur along-

side specimens of Pachystropheus rhaeticus, particularly at

Garden Cliff, Westbury-on-Severn, Gloucestershire (Fig. 1B, C;
Quinn et al., 2024; Williams et al., 2022). Analysis of the paleoe-
cology of Pachystropheus-bearing strata revealed a palynomorph
assemblage that is dominated by terrestrial spores, with surpris-
ingly few marine dinoflagellate cysts (Quinn et al., 2024). Ricciis-
porites tuberculatus spores were common, which are attributed to
Lepidopteris ottonis, a wetland plant that became more asexually
reproductive, producing an abundance of spores, in response to
ecological pressure in stressed environments during the end-
Triassic mass extinction (Quinn et al., 2024; Vajda et al., 2023).
This suggestion has, however, been rejected by some, based on
comparisons of spore ultrastructure (Zavialova, 2024).

MATERIALS AND METHODS

In a recent study, we noted (Quinn et al., 2024) that several
bones previously ascribed to the enigmatic marine reptile Pachy-
stropheus rhaeticus in fact belonged to coelacanth fishes. These
findings then enabled us to identify other candidate specimens in
public repositories. Candidate specimens were tested against a
range of possible identities to determine whether they could
demonstrably belong to coelacanth fishes or to other taxa. The
osteology of coelacanth fish is relatively morphologically conserva-
tive through time (Forey, 1998), and there are key differences in the
head skeleton between Coelacanthiformes and other osteichth-
yans, which enabled us to test affinities of the new material
against published descriptions and material housed at NHMUK.

We micro-CT scanned NMW 2001.42G.661, NMW
2001.42G.985, and STGCM 1960.62/1 at the µ-VIS X-Ray
Imaging Centre at the University of Southampton using the
Custom 450/225 kVp Hutch and Modified Nikon/Xtek HMX
(225 kVp) tomography scanners using the parameters: 200 kV,
86 uA, 0.02133934 voxel size, 250 ms exposure, and 1 frame per
projection. CT data are available on MorphoSource (https://
www.morphosource.org/media-lists/000716642?locale=en). We
then segmented the scan stack to make a 3D digital model
using Dragonfly 3D visualization software (ORS, 2020). In
both NMW 2001.42G.985 and STGCM 1960.62, the bone was
then manually segmented because the densities of bone and
rock were similar, and this enabled the removal of cracks from
the scan images. In NMW 2001.42G.661, the high-resolution
scan enabled the internal structure of the basisphenoid to be seg-
mented out. This was done in Dragonfly by defining the range in
the histogram so that pixels of a light gray color, reflecting where
nerve canals in the basisphenoid had become sediment filled or
mineralized, were differentiated and could then be interpolated,
and converted to a mesh. The data are available on Morphobank
(http://morphobank.org/permalink/?P5803).

Finally, we compared the distribution of the 47 new specimens, as
well as the three of the known coelacanth specimens (50 total) from
the British Rhaetian, to determine whether inferences could be
made about their paleoecology based on the geographic spread.

Institutional Abbreviations—BRLSI, Bath Royal Literary and
Scientific Institution, Bath, U.K.; BRSMG, Bristol Museum &
Art Gallery, Bristol, U.K.; BRSUG, University of Bristol
Geology Collection, Bristol, U.K.; FC-DPV, Facultad de Cien-
cias, Departamento de Paleontología, Colección de Vertebra-
dos–UdelaR, Montevideo, Uruguay; LWL MfN, LWL-Museum
für Naturkunde, Münster, Germany; NHMUK-PV, Palaeoverte-
brate Collection, Natural History Museum, London, U.K.;
NMW, National Museum of Wales, Cardiff, U.K.; STGCM,
Museum in the Park, Stroud, U.K.; WMNM, LWL-Museum für
Naturkunde, Münster, Germany.

SYSTEMATIC PALEONTOLOGY

In this section, we review all new coelacanth specimens. We
identify and separate the remains of mawsoniid and latimeriid
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taxa by reference to previous research and descriptions of
coelacanths. Some ossifications are not character informative,
and therefore, are difficult to assign to a specific clade,
meaning we consider them as from indeterminate coelacanth
taxa.

Note on the Ossifications of the Coelacanth Skull and Post-
Cranial Skeleton

Several bones of the skull of coelacanths are weakly sutured or
articulated via cartilage, often occurring as isolated elements in

FIGURE 1.A, the stratigraphy of the Penarth Group and basal Blue Lias Formation (St Audries Bay, north Somerset). Compiled fromHodges (2021)
and Hounslow & Ruffell (2006). B, distribution of coelacanth fossils across British Rhaetian localities based on the known specimens, plotted in
relation to the inferred paleo-islands. Modified from Lovegrove et al. (2021). C, relative distribution of coelacanth specimens (%) against each of
the recorded locations. Abbreviations: CM, Cotham Member (Lilstock Formation); LM, Langport Member (Lilstock Formation); WM, Williton
Member.

Quinn et al.—Coelacanths of the British Rhaetian (e2520921-3)



the fossil record (Forey, 1998). As all the material described here
occurs as isolated elements, we give brief descriptions of each
region of the skull (Fig. 2), providing context for each of the
described ossifications, while highlighting the other bones
lacking from our sample that would also comprise each region.
Further, a portion of the postcranial skeleton, the shoulder
girdle, is briefly described as an area of interest.
Skull Roof—The skull roof comprises several dermal bones

that cover the dorsal surface of the neurocranium, divided into
those anterior and posterior of the intracranial joint (Dutel
et al., 2013; Forey, 1998). The parietonasal shield is formed by
parietals (frontals, Paa, Pap), nasals (Na), supraorbitals (So),
tectals (Tec), rostrals, premaxillae, and preorbitals are regarded
as the anterior bones (Fig. 2; Forey, 1998). The postparietal
shield is formed by bones posterior to the intracranial joint,
namely the postparietals (parietals, Ppa), supratemporals (tabu-
lars, Stt), intertemporals (supratemporals), and extrascapulars
(Fig. 2, ex; Dutel et al., 2019; Forey, 1998).
Neurocranium (Basisphenoid) and Parasphenoid—The neuro-

cranium of coelacanths is divided into the ethmosphenoid (Fig. 2,
EP) and otoccipital regions (OPP), which articulate through the
intracranial joint (Dutel et al., 2013; Forey, 1998). Regarding the
ossifications of the neurocranium, much is cartilaginous (at least
in Latimeria), though within the ethmosphenoid, there are both
paired lateral ethmoids (ectethmoids) and the basisphenoid (Fig.
2, Bas; Forey, 1998). The ventral surface of the ethmosphenoid is
covered by an elongate dermal parasphenoid (Fig. 2, Par; Forey,
1998; Millot and Anthony, 1958).
Palate—The palate of coelacanth fishes is characteristic in

shape, often considered as triangular (Cloutier, 1991a, 1991b;
Forey, 1998). The main ossifications of the coelacanth palate
(Fig. 2) include the autopalatine (Aup), pterygoid (Pt), metapter-
ygoid (Mpt), and quadrate (Q; Dutel et al., 2013; Forey, 1998;
Manuelli et al., 2024; Toriño, et al., 2021b) while other minor ossi-
fications (dermopalatines and ectopterygoid) are present, but
perhaps not in all coelacanths.
Cheek Bones and Opercula—In all coelacanths, a well-devel-

oped series of bones cover the cheek and opercular region
(Forey, 1998). Most of the bones in this region contain a
sensory canal. In Latimerioidei (Forey, 1998), the cheek com-
prises separate elements (Fig. 2), the postorbitals (Po), squamo-
sals (Sq), lachrymojugals (Lj), preopercular (Pop), and opercula

(Op; Barbosa et al., 2022; Forey, 1998; Fragoso et al., 2018;
Maisey, 1986; Toriño et al., 2021b). The bones in the cheek and
opercular region can be highly distinctive among mawsoniid coe-
lacanth species (e.g., Mawsonia, Forey, 1998; Toriño et al.,
2021b).

Lower Jaw and Gular Region—The lower jaws of both fossil
and extant coelacanths have been well described and consist of
the angular (Ang), dentary (De), splenial (Sp), articular (Art),
retroarticular (Art), prearticular (Art), and coronoid (fourth cor-
onoids and principal coronoids, Cor. p; Dutel et al., 2013; Forey,
1998; Toriño et al., 2021b). The mandible is highly apomorphic
compared with other teleostomes, exhibiting such characters as
large and dorsally expanded angular bones, tandem jaw articula-
tion, and a coronoid series in which the posterior limb projects
markedly above the dorsal margin of the angular (Dutel et al.,
2013; Forey, 1998).

The gular region lies beneath the lower jaw (Fig. 2) and is
marked by two thin and symmetric gular plates (Gu). The
gular region of coelacanths has rarely been described (Schultze
et al., 2010), although notably shares ornamentation similar to
what is seen on the mandible (Barbosa et al., 2022; Forey, 1998;
Fragoso et al., 2018; Toriño et al., 2021b).

Hyoid Arch and Branchial Apparatus—The hyoid apparatus
of coelacanths (Fig. 2) is formed by the hyomandibular, symplec-
tic (Sy), interhyal (Ih), ceratohyal, and hypohyal (Dutel et al.,
2013; Forey, 1998). In the branchial apparatus, the main ossifica-
tions are represented by the ceratobranchials, which are gener-
ally one of the most common elements preserved in the fossil
record (Forey, 1998).

Postcranial Skeleton—The morphology of the postcranial
skeleton is remarkably conservative through time, as well as
being highly apomorphic compared with other osteichthyans
(Forey, 1998). The postcranial skeleton is divided into the ver-
tebral column (with no ossification of the centra), median fins,
shoulder girdle and fins, pelvic girdle and fins, as well as scales
(Forey, 1998; Millot & Anthony, 1958, 1965).

Of particular interest is the coelacanth shoulder girdle (Fig. 2),
which lies completely free from the skull and includes an extra-
cleithrum (Ecl), a synapomorphy of coelacanths (Forey, 1998).
The morphology of coelacanth shoulder girdles is similar in all
species, with variations exhibited as minor differences to the clei-
thrum (Cl) and clavicle (Clav) proportions, and shape of

FIGURE 2. Ossifications of a typical mawsoniid
coelacanth skull with the addition of the sym-
plectic and interhyal. Neurocranium and palate
shaded blue to highlight they are beneath the
dermal and exterior bones. Modified from Car-
valho (2002). Abbreviations: Ang, angular; Art,
articular, Aup, autopalatine; Bas, basisphenoid;
Cl, cleithrum; Clav, clavicle; Cor. p; principal cor-
onoid; De, dentary; Ecl, extracleithrum; EP, eth-
mosphenoid portion; Ext, extrascapulars; Gu,
gular; Ih, interhyal; Lj, lachrymojugal; Mpt,
metapterygoid; Na, nasals; Op; opercle; OPP,
otoccipital portion; Paa, parietal anterior; Pap,
parietal posterior; Par, parasphenoid; Part, per-
articular; Po, postorbital; PoP, preopercle; Ppa,
post-parietal; Pro, prootic; Pt, pterygoid; Q,
quadrate; Scc, scapulocoracoid; So, supraorbital
series; Sp, splenial; Sq, squamosal; Stt, supratem-
poral; Sy, symplectic; Tec, tectals.

Quinn et al.—Coelacanths of the British Rhaetian (e2520921-4)



anocleithrum (Forey, 1998). The shoulder girdle is usually narrow
and made up of an unornamented anocleithrum, extracleithrum,
cleithrum, clavicle, scapulocoracoid, and probably a primitive
interclavicle (Dutel et al., 2012; Forey, 1998; Mansuit et al., 2020).

SARCOPTERYGII Romer, 1955
ACTINISTIA Cope, 1871

COELACANTHIFORMES Huxley, 1861
LATIMERIOIDEI Schultze, 1993
MAWSONIIDAE Schultze, 1993

MAWSONIIDAE, gen. et sp. indet.
(Figs. 3–11)

Lepidosaurian/Mammalian; Duffin, 1978:61, 63 (quadrate)
Pachystropheus rhaeticus; Storrs et al., 1996:329–330, 335–336.
Undetermined coelacanth; Duffin, 1999:218, 221
Indeterminate coelacanth; Hauser and Martill, 2013:982–987
Undetermined coelacanth; Allard et al., 2015:10, 17, 19, 24, 27–28
Coelacanth sp.;Moreau et al., 2021:8, 9; Coelacanthiform; Evans

et al., 2024:326–327

Referred Material—See Supplementary Files.
Locality, Horizon, and Age—Upper Triassic, Rhaetian, West-

bury Formation (Penarth Group), from several localities along
the Bristol Channel, and Rhaetian-aged Neptunian dyke fissure
deposits at Holwell, Somerset.
Remarks—Much of the material described here had been pre-

viously identified as belonging to other Late Triassic taxa, primar-
ily terrestrial and aquatic tetrapods, found in the same deposits.
Further, we reject previous descriptions where material has
been misidentified in the literature, such as the coelacanth prin-
cipal coronoid which was identified as the ectopterygoid of
Pachystropheus rhaeticus (Sander et al., 2016:fig. 20G; Storrs
et al., 1996: fig. 4), demonstrating that such specimens are
those of mawsoniid coelacanths. We identify material from the

cranial and post-cranial skeleton, including the supratemporal,
multiple basisphenoid morphotypes, quadrates, opercula, mul-
tiple angular morphotypes, dentary, and principal coronoid
from the skull; and clavicle, and neural spine from the post-
cranial skeleton. Much of the material exhibits size and charac-
ters, such as coarse or rugose external ornamentation and tiny
tubercles (though potentially a depositional feature), compar-
able to a large mawsoniid coelacanth (Dutel et al., 2015a;
Toriño et al., 2021b). It is plausible that some of the indetermi-
nate materials described below are mawsoniid in origin, though
the bones are uninformative and difficult to diagnose. We find
similarities between the material described and the Lower Juras-
sic mawsoniid Trachymetopon liassicum (Dutel et al., 2015a), as
well as forms from younger Mesozoic deposits like Mawsonia
and Axelrodichthys (Cavin et al., 2020; Maisey, 1986; Toriño
et al., 2021a, b).

Description

Skull Roof—Supratemporal: BRSMG CSB85-82 is identified
as a right supratemporal (Fig. 3); it is incomplete, but is a rela-
tively thick bone, and appears to have been tabular shaped
(Fig. 3). Despite being incomplete, the preservation of the exter-
nal and internal surfaces is exquisite. The external surface of the
bone is rugose, and ornate with a reticulated pattern and tiny
tubercles (Fig. 3A). This ornamented supratemporal is morpho-
logically comparable to the Late Cretaceous Axelrodichthys
megadromos, which shows the same reticulated ornamentation
(Cavin et al., 2020:fig. D2–D3). However, we do also note
some similarities in ornamentation with the Early Jurassic maw-
soniid Trachymetopon liassicum (Dutel et al., 2015a) which is
more basal than Axelrodichthys. It should be noted that the
supratemporal of Latimeria is densely pitted on the external
surface (Forey, 1998), though the skull roof bones of (Middle)
Triassic forms of latimeriids are ornate with denticles (e.g.,
Foreyia; Cavin et al., 2017; and Tichnepomis; Ferrante et al.,
2023) and not rugosities as seen on BRSMG CSB85-82 (Fig. 3).
Unfortunately, BRSMG CSB85-82 cannot be compared with

FIGURE 3. Mawsoniid coelacanth skull roof
bone. A, B, BRSMG lot acc. no. 451991
CSB85-82, left supratemporal in dorsal, A, and
ventral, B views. Abbreviations: occ.gr?, occipi-
tal groove; ot.s.c., otic sensory canal. Scale bars
represent 10 mm.
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FIGURE 4. Mawsoniid and latimeriid coelacanth basisphenoids.A–F, NMW 2001.42G.661, morphotype 1, near complete mawsoniid basisphenoid in
dorsal A, B, ventral, C, D, anterior, E, and posterior view, F. A, C, photographs and B, D-F, 3D reconstructions from CT data. G–K,
STGCM.1960.62_1, morphotype 2, partial mawsoniid basisphenoid in ventral, G, I, dorsal, H, anterior, J, and posterior, K, views. G, photograph,
and H-K are 3D reconstructions from CT data. L, NMW2020.14G.3, morphotype 2, partial mawsoniid basisphenoid exposed in dorsal view. M,
BRSMGCg3102, morphotype 3, partial latimeriid? basisphenoid exposed in dorsal view.Abbreviations: af pp, articulation facet for the posterior par-
ietal; ap, antotic process; ds, dorsum sellae; ncp, notochordal pit; nf?, nutrient foramen; op, oval processes; pf, pituitary fossa; sc, sphenoid condyles.
Scale bars represent 10 mm.
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FIGURE 5. A, B, NMW 2001.42G.661, CT scan of mawsoniid basisphenoid with opacity increased and internal structure segmented to reveal nerve
canals and canals for the profundus nerve.A, basisphenoid in anterodorsal view;B, close-up of the left side of the dorsal surface anterior to the dorsum
sellae.Abbreviations: ap, antotic process; ds, dorsum sellae; n.c, nerve canal; pro.n.c, profundus nerve canal. Scale bars equal 10 mm inA and 5 mm inB.
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FIGURE 6. Mawsoniid coelacanth palate bones. A, BRSUG 25342, morphotype 1, partial left quadrate exposed in posterior view; B, NMW
2001.42G.672, morphotype 2, left quadrate exposed in anterior view; C–E, BRSMG C1, morphotype 1?, left quadrate fragment in posterior, C,
anterior,D, and lateral, E views; F, NHM PVR 12543, partial left quadrate exposed in posterior view;G, NMW2020.14G.4, Mawsoniid right pterygoid
in lateral view.Abbreviations: ar.Mpt, articular surface for the metapterygoid; ar.Q?, articular surface for the quadrate; l.c, lateral condyle;m.c, medial
condyle. Scale bars in A, B, F, G equal 10 mm, and 1 mm in C, D, E.
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the oldest member of the clade, Graulia branchiodonta, as the
skull roof bones of the known specimens were damaged during
preparation (Manuelli et al., 2024).

The internal surface preserves a sensory canal running antero-
posteriorly close to the lateral margin, interpreted here as the
otic sensory canal (Fig. 3, ot.s.c; Toriño et al., 2021b:fig. 4). The
sensory canal seems superficially more pronounced than in
more derived mawsoniid coelacanths (e.g., Mawsonia; Toriño
et al., 2021b), though this may be due to pre-depositional
abrasion to the surface, as part of the sensory canal is exposed.
Further, the openings of the sensory canals can be seen where
the bone is incomplete. There is a small groove at the posterior
of the specimen, but it is unclear whether this is the occipital
groove (Fig. 3A, occ.gr; Toriño et al., 2021b:21), as its position
with the otic sensory running transversely close to the grove is
similar to that ofM. gigas (Toriño et al., 2021b:fig. 4), or abrasion.
It seems that BRSMGCSB85-82 lacks a descending process (Fig.
3), which is usually present in most Latimeriidae and absent in
most Mawsoniidae (but not all). For example, in Axelrodichthys
(Forey, 1998), it is present as a weak ridge, but in the sister genus,
Mawsonia (Toriño et al., 2021b), it is absent, and both are derived
mawsoniids (Schultze, 1993). Although well developed, the onto-
genetic stage of the individual is uncertain, as the skull roof bones
of coelacanths are well-developed from early ontogenetic stages
(Forey, 1998), at least in the only extant coelacanth genus Lati-
meria (Dutel et al., 2019; Millot & Anthony, 1958:pl. 19; Smith,
1940:fig. 3).

Neurocranium, Parasphenoid, and Vomer—Basisphenoid: We
observe at least two morphotypes of mawsoniid basisphenoid
from British Rhaetian deposits. Both morphotypes show the dis-
tinctive morphological characters of mawsoniid coelacanths, such
as a narrow dorsum sellae and closely spaced, defined sphenoid
condyles separated by only a marked notch (Dutel et al.,
2015a; Hartung et al., 2021). Morphotype 1, NMW
2001.42.G661, was originally identified as the neural arch of a
marine reptile vertebra but instead represents the most complete
example of a basisphenoid known from these deposits (Fig. 4A–
F). The specimen was dorsoventrally compressed during fossili-
zation but still preserves both the antotic processes and sphenoid
condyles (Fig. 4A–F, ap, sc), missing only the ventral surface of
the central body. There is a distinct smooth coating of perichon-
dral bone on much of the surface and areas of rough texture that
were well cartilage-capped in life (Dutel et al., 2013). The antotic
processes are relatively large, extending laterally resulting in a
maximum basisphenoid width of 38 mm, compared with its
maximum anteroposterior extension of 30 mm, and 7 mm at
the dorsoventral maximum. The antotic processes are sub-rec-
tangular in dorsal and ventral views, with the ventral surface
bearing strong striations running longitudinally; these striations
are articulating surfaces (via cartilage) for the metapterygoids
of the palatoquadrate complex (Fig. 4B, C; Maisey, 1986;
Toriño et al., 2021b). It should be noted that the ventral
surface, albeit not preserved in NMW 2001.42.G661, would
have had a similar striated surface for articulation with the pos-
terior end of the parasphenoid (Maisey, 1986; Toriño et al.,
2021b). On the dorsal surface, there is a short dorsum sellae
(Fig. 4A, B, E, ds) between the antotic processes, adjoined later-
ally by poorly preserved oval-shaped processes (Fig. 4A, B, E, ds,
op). The dorsum sellae merges to become a narrow ‘U’-shaped
pit, inferred by Hartung et al. (2021) as an extension of the pitu-
itary notch (Fig. 4A, B, pf). In the posterior region, there are two
well-developed, spherical sphenoid condyles. Separating the con-
dyles on the ventral side is a slight depression that would sit
between the elongated crests of the ventral surface (see
Hartung et al., 2021:fig. 4B, G), marking the anterior termination
of the notochord (Fig. 4C, D, F, ncp; see Dutel et al., 2013:fig. 3a–
e). The sphenoid condyles, along with the processus connectens,
affix to the otoccipital division of the braincase (Hartung et al.,

FIGURE 7. Mawsoniid coelacanth opercula. A, BRSMG Cf16674, mor-
photype 1, ?right opercle in lateral view; B, NMW2020.14G.6, morphotype
2, ?left opercle in lateral view. White arrows indicate direction of the orna-
mentation radiation. Abbreviations: antd.c, anterodorsal corner; c.o,
center of ossification; orn, ornamentation. Scale bars represent 10 mm.
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FIGURE 8. Mawsoniid coelacanth angular bones. A, BRSMG Ce17375, morphotype 1, partial right angular exposed in lateral view; B, NHM PV R
12512, morphotype 1, partial right angular exposed in medial view alongside a Pachystropheus rhaeticus femur;C, NMW 2001.42G.793, morphotype 2,
partial left angular exposed in medial view;D, BRSUG 7032.1, morphotype 2, partial left angular in lateral view; E, NMW 2001.42G.516, morphotype
2?, partial right angular exposed in lateral view; F, NMW2020.1G.1, partial left angular exposed in medial view. Abbreviations: add.f, adductor fossa;
con.Part, contact with prearticular; d.pr, dorsal process; gr.VII.m.ext, groove for external mandibular ramus of facial nerve (VII);m.i, medial inflation;
m.s.c, mandibular sensory canal;m.s.p, mandibular sensory pores;mk.f, Meckelian fossa; Pa.fe, Pachystropheus rhaeticus femur; sut.co, sutural contact
with the principal coronoid; tub, tubercles. Scale bars represent 10 mm.
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FIGURE 9. Mawsoniid coelacanth dentaries. A, B, BRSMG lot acc. no. 451991 Cf16006, morphotype 1, partial left dentary lateral,A, and medial, B,
views; C–J, NMW 2001.42G.985, morphotype 2, right dentary exposed in lateral view, C, and 3D reconstruction from CT data in ventrolateral, D,
lateral, E, dorsolateral, F, dorsal, G, dorsomedial, H, medial, I, and ventral, J views. Arrows indicate the direction of the anterior. Abbreviations:
ant.m.f, anterior part of mandibular fossa; ant.pr, anterior process; d.pr, dorsal process; tub, tubercles; v.pr, ventral process. Scale bars represent 10
mm.
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FIGURE 10. Mawsoniid coelacanth principal-coronoid examples, formerly identified as the ectopterygoid of Pachystropheus rhaeticus by Storrs et al.
(1996). A, B, BRSUG 25333, morphotype 1, left principal-coronoid of a small individual in lateral, A, and medial, B, views; C, BRSUG 25332, mor-
photype 2, left principal-coronoid of a large individual exposed in lateral view; D, BRSMG lot acc. no. 451991 Cf9543, morphotype 3, right principal-
coronoid of a small individual exposed in lateral view; E, NHMUK PV R 12510, morphotype 4, right principal-coronoid of a small individual exposed
in lateral view; F, BRSMG Cd4050, morphotype 5, right principal-coronoid of a large individual exposed in lateral view;G, WMNM P97750, morpho-
type 6, example of a left principal-coronoid of a very large individual from an exposure of ‘Rhaetian Bone bed’ at Bonenburg, City of Warburg, Kreis
Höxter, North Rhine-Westphalia, Germany.Abbreviations: a.w, anterior wing; cr, crenulations; n, node; p.w, posterior wing; s.c.a, sutural contact with
angular. Scale bars represent 10 mm.
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2021; Dutel et al., 2013). There is a rough texture to the sphenoid
condyles, indicating it was cartilage capped, which is consistent
with the intercranial joints of coelacanths (Fig. 4A, B; Dutel
et al., 2013; Hartung et al., 2021:fig. 2A; Toriño et al., 2021b:fig.
7A, F).
CT scans of NMW 2001.42.G661 reveal a hidden network of

cranial nerve canals that have mineralized, possibly with pyrite
given its abundance throughout the Westbury Formation (Fig.
5). The canal in the basisphenoid begins on the medial surface
just anterior to the anterior edge of the dorsum sellae and is
identified as a pathway for the profundus nerve (Fig. 5A, B,
pro.n.c; Schaeffer & Gregory, 1961). They are paired, appearing
on both sides of the dorsum sellae, seemingly branching in differ-
ent directions posteriorly, although one is only partially pre-
served. There does not appear to be an exit point, although it
is possible this is not preserved. This is similar to modern Lati-
meria. However, it must be noted that the canal for the profun-
dus nerve has also been described in the Early Triassic
Dobrogeria, a genus close to the divergence of Latimeriidae–
Mawsoniidae (Cavin & Grad̆inaru, 2014), as well as in the
Permian Spermatodus, in the Lower Triassic Axelia and
Wimania (present before the divergence), and in the latimeriid
Macropoma (Schaeffer & Gregory, 1961; Stensio, 1921;
Watson, 1921), but notably, is absent in the Triassic

putative mawsoniid Moenkopia (Forey, 1998; Schaeffer &
Gregory, 1961).

Morphotype 2, STGCM.1960.62_1 (Fig. 4G–K) and
NMW2020.14G.3 (Fig. 4L), show some differences frommorpho-
type 1 and are comparable to WMNM P 81017, a mawsoniid coe-
lacanth basisphenoid described from coeval deposits at the
Bonenburg locality in North Rhine-Westphalia, Germany (Fig.
4G–L; Hartung et al., 2021:fig. 3); we thus consider them all the
same basisphenoid morphotype. NMW2020.14G.3 is less com-
plete and poorly exposed in the matrix, but the sphenoid con-
dyles are nearly intact. STGCM.1960.62_1 is the more
complete of the two specimens, with the antotic processes pre-
served, but the sphenoid condyles are only partially preserved,
and the ventral surface has broken off, likely during transport.
Akin to other mawsoniid basisphenoids (Hartung et al., 2021:
figs. 2, 3; Toriño et al., 2021b:fig. 7A, F), the antotic processes
of STGCM.1960.62/1 are large (though notably less prominent
when compared with NMW 2001.42.G66), extending laterally
to a maximum basisphenoid width of 32 mm, compared with its
maximum anteroposterior extension of 26 mm, and 7 mm at
the dorsoventral maximum. In dorsal view, a short dorsum
sellae is visible between the antotic processes in
STGCM.1960.62/1 and NMW2020.14G.3 but unlike NMW
2001.42.G661 there is no indication of an oval process (Fig. 4B,

FIGURE 11. Mawsoniid coelacanth bones from the postcranial skeleton. A, BRSMG Cg3102, neural spine exposed in lateral view; B,
NMW2020.14G.7, right clavicle from a large mawsoniid exposed in lateral view; C. FC-DPV 2341/2977, right clavicle of Mawsonia gigas in lateral
view, for comparison. Abbreviations: ant.pr, anterior process; n.s, neural spine. Scale bars equal 10 mm in A, and 20 mm in B and C.
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op). The processes on both sides of the dorsum sellae of these
specimens appear reduced through incomplete ossification or
abrasion. As in NMW 2001.42.G661, the dorsum sellae of
STGCM.1960.62_1 merge to become a narrow ‘U’-shaped pit,
thought to be an extension of the pituitary notch (Hartung
et al., 2021; Schaeffer & Gregory, 1961). In the posterior of
NMW2020.14G.3, there are sphenoid condyles which unlike
NMW 2001.42.G661 are ovate not spherical, and are less well-
developed and ossified, suggesting this may be from a young indi-
vidual. There is a shallow depression separating the sphenoid
condyles in dorsal view on NMW2020.14G.3, as in NMW
2001.42.G661. CT reconstruction of STGCM.1960.62_1 reveals
a single foramen on the ventral surface of the basisphenoid,
which may be a nutrient foramen.
Both morphotypes exhibit characters comparable to Mawso-

niidae, such as a narrow dorsum sellae and well-defined sphenoid
condyles that are separated by a notch (Hartung et al., 2021;
Dutel et al., 2015a). The antotic processes are laterally expanded
as in basally branching mawsoniids, such as Chinlea, Diplurus,
and Graulia branchiodonta (Manuelli et al., 2024; Schaeffer,
1967), but the space between the antotic processes is narrow as
in more derived mawsoniids, such as Axelrodichthys (Cavin
et al., 2020; Fragoso et al., 2019 and Mawsonia (Carvalho &
Maisey, 2008; Toriño et al., 2021b).
Palate—Quadrates: The quadrate is one of two bones

described from (juvenile) coelacanths in the Penarth Group,
based on three specimens recovered from bonebed sediments
fromHolwell, Somerset (Duffin, 1999), Manor Farm, Gloucester-
shire (Allard et al., 2015), and Saltford, Somerset (Moreau et al.,
2021), although specimens described by Allard et al. (2015) are
fragmentary, and as such, we treat the identification dubiously.
Further specimens found at Westbury Garden Cliff, NMW
2001.42G.672 (Fig. 6B) and NHMUK PV R 12543 (Fig. 6F),
have now been identified in registered collections, both from con-
siderably larger individuals. All quadrate examples are robust in
proportion to their size and like those of mawsoniids (Batista
et al., 2019; Torino et al., 2021b). NMW 2001.42G.672 (Fig.
6B) is the most complete and largest of all the specimens.
There is a smooth coating of perichondral bone over the
surface and areas of rough texture on the inferior extremity,
indicating it was cartilage capped (Dutel et al., 2013). In all
examples, the superior extremity is largely featureless, but
the inferior possesses two distinct condyles. The condyles of
the quadrate articulate with the mandible and are stabilized
by cartilage and ligaments (Dutel et al., 2013). In most speci-
mens, the lateral and medial condyles (Fig. 6C–E, l.c, m.c)
are approximately the same size, as in Axelrodichthys araripen-
sis (Fragoso et al., 2018), but differ from BRSUG 25342 (Fig.
6A), where the medial condyle is slightly larger than the
lateral. This condition of unequal condyles, the medial larger
than the lateral, is seen in coelacanths such as Mawsonia
gigas (Batista et al., 2019; Carvalho, 2002; Carvalho &
Maisey, 2008; Torino et al., 2021b). There is a marked
depression on the anterior surface of NMW 2001.42G.672
that extends from the condyles towards the pterygoid. In
BRSMG C1 (Fig. 6C–E), the quadrate is narrow and loosely
rectangular in shape, as in mawsoniids such as Mawsonia
(Batista et al., 2019; Torino et al., 2021b). It is notable that,
although less robust, this also occurs in latimeriids, including
Megalocoelacanthus dobiei and the extant Latimeria (Dutel
et al., 2012, 2013). NMW 2001.42G.672 (Fig. 6B) shows a differ-
ing morphology, appearing to curve anteriorly, with a slight
constriction near the condyles before expanding laterally
towards the pterygoid, as in the Early Jurassic mawsoniid Tra-
chymetopon liassicum (Dutel et al., 2015a). The reason for this
morphological variation is unknown but may be explained by
bone growth during ontogeny or species variation amongst
coelacanths in the Penarth Group.

Pterygoid: NMW2020.14G.4 (Fig. 6G), is the only recognized
coelacanth pterygoid from the British Rhaetian, exposed in
external view. The pterygoid is incomplete, but one of the most
distinctively shaped bones of the coelacanth palate (Forey,
1998). This is because the pterygoid is loosely triangular
shaped (Cloutier, 1991a, 1991b), extending towards the anterior,
very different from that of actinopterygians and other sarcopter-
ygians (Forey, 1998); even so, the shape varies considerably
among coelacanth taxa (Forey, 1998:fig. 7.1; Schaeffer &
Gregory, 1961:fig. 6). The pterygoid of latimerids is tall (approxi-
mately the same height as the length; Dutel et al., 2012; Forey,
1998:fig. 7.2), whereas in mawsoniid coelacanths, it is shallow
and elongate (Dutel et al., 2014, 2015; Forey, 1998:fig. 7.1F;
Toriño et al., 2024).

Though incomplete, NMW2020.14G.4 is identifiable as the
posterior portion of a right pterygoid from a seemingly large indi-
vidual, with a general morphology referable to Mawsoniidae (see
Dutel et al., 2015a:4; Forey, 1998; Maisey, 1986; Manuelli et al.,
2024:fig. 22; Toriño et al., 2021b:fig. 8D). At the posterior of
the specimen, there is an articular surface for the metapterygoid
in the dorsal region (Fig. 6, ar.Mpt), while on the ventral portion
there is a small articular surface that is seemingly the articulation
for the quadrate (Fig. 6G, ar.Q?) which is seen also in more com-
plete mawsoniid pterygoid examples (e.g., Toriño et al., 2021b:fig.
8D). The posterior margin of the pterygoid looks rounded as in
Mawsonia (e.g., Maisey, 1986; Toriño et al., 2021b), instead of
tending to be straight as in Latimeria (e.g., Dutel et al., 2013;
Forey, 1998; Manuelli et al., 2024). A ridge, which represents
the dorso-ventral ridge of the palatoquadrate, originates dorsally
to the quadrate, running anterodorsally to form the anterior
margin of the metapterygoid as in Graulia (Manuelli et al.,
2024:fig. 22) and the Early Jurassic mawsoniid, Trachymetopon
liassicum (Dutel et al., 2015a:4), and M. gigas (Maisey, 1986;
Toriño et al., 2021b:fig. 8D). In latimerids, such as Latimeria
and Macropoma, the ventral margin of the pterygoid is swollen
(Forey, 1998; Toriño et al., 2021b); though incomplete, the
ventral swelling is seemingly absent in NMW2020.14G.4
strengthening the affinity to most Mawsoniidae (except Axelro-
dichthys, which exhibits this character as polymorphic, see
Fragoso et al., 2018).

Cheek Bones and Opercula—Opercula: We describe just two
opercula of differing morphotypes. Both specimens are partial
and only the exterior is visible. The specimens are robust and
share similar rugosities, which differ from the gracile and tuber-
culated opercula of the basally branching mawsoniid Graulia
(Manuelli et al., 2024:14), and are more similar to derived maw-
soniids. There are also a number of dermal bones in the BRSMG
collections that could be identified as coelacanth opercula, but
given that they are fragmentary and could be readily confused
with ornamented dermal bones of placodonts, they must be
treated as indeterminate.

BRSMGCf16674 (Fig. 7A) is the only example of opercle mor-
photype 1. The bone is robust (7 mm thick) and slightly convex,
suggesting this is the exterior of the specimen. The exterior
surface of the bone has been abraded smooth during deposition,
however rugose ornamentation (Fig. 7A, orn) can still be seen
radiating from what is likely the central point of the ossification
and is reminiscent of derived mawsoniids (Fig. 7A, c.o; Toriño
et al., 2021b), although the rugosities are not as well-developed.
Akin to most of the bones described here, the opercula are found
isolated, but would have been loosely attached to the hyoman-
dibular in life (Forey, 1998). Although only a part of a larger
bone, the opercle does not seem to be distinctly triangular
shaped as in Mawsonia (Toriño et al., 2021b; Forey, 1998) but
is more ovate, like that of Axelrodichthys araipensis (Forey,
1998:fig. 4.17).

NMW2020.14G.6 (Fig. 7B) is the only example of opercle mor-
photype 2. The specimen is identified as a left operculum and has

Quinn et al.—Coelacanths of the British Rhaetian (e2520921-14)



a different morphology to NMW 2001.42G.30. The specimen is
more elongate, with a greater ventral extension than in NMW
2001.42G.30; the feature is more similar to Mawsonia (Toriño
et al., 2021b). The anterior margin of the specimen is straight,
but the posterior margin of the specimen is incomplete, so its
true shape is unclear. Despite being abraded, the most notable
feature of operculum morphotype 2 is the branching rugose
ornamentation on the exterior surface (Fig. 7B, orn), seemingly
radiating from the anterodorsal corner. The ornamentation is
considerably more prominent than in BRSMG Cf16674 and is
more similar to the rugose ornamentation seen in Mawsonia
(Toriño et al., 2021b).
Lower Jaw and Gular Region—Angular: Its robust construc-

tion means the angular is the most readily recognized coelacanth
bone from the British Rhaetian. Indeed, the angular is the most
commonly found bone from mawsoniid coelacanths generally,
resulting in its use for comparisons between taxa globally (see
Cavin et al., 2023:fig. 3). There are numerous examples in collec-
tions, most recorded as pieces of bone from an indeterminate
reptile, despite their distinct appearance. Angulars are large
and robust, with relatively large mandibular sensory canal
pores on the lateral surface (Fig. 8A, D, m.s.p), and in some speci-
mens the mandibular sensory canal is exposed where the bone is
broken too (Fig. 8A, E, m.s.c). On the medial surface of the
angular there is a longitudinal groove which is the groove for
external mandibular ramus of the facial nerve (Fig. 8C, F, gr.VII.-
m.ext). In all specimens, the anterior and posterior tips are
missing (Fig. 8). The medial surface of the angular is concave
at the adductor fossa (Fig. 8C, F, add.f). In NMW2020.1G.1
(Fig. 7F), which was misidentified as the anterior tip of a coela-
canth gular plate by Evans et al. (2024:fig. 7M), the adductor
fossa is markedly more concave than the other specimens and
exhibits a faint ornamentation on the medial surface. Further,
the medial portion of the bone in NMW2020.1G.1 inflates medi-
ally (Fig. 8F, m.i) near to where the sensory canal passes through
the bone, similar to Axelrodichthys and Mawsonia (Forey,
1998:151). Posterior to the adductor fossa, there is a groove
which is the Meckelian fossa (‘longitudinal fossa’ sensu Cavin
et al., 2021) (Fig. 8C, mk.f). There is a slight depression on the
medial surface of dorsal process (Fig. 8B, F, d.pr) which is the
sutural surface for the principal coronoid (Fig. 8B, F, sut.co). In
NHMUK PV R 12512, the contact surface for the prearticular
is preserved and shows a scalene triangle shape (Fig. 8B,
con.Part). On the lateral surface of the angular, relatively large
mandibular sensory pores are exposed (Fig. 8A, D; m.s.p),
whereas on the medial surface the groove for the external man-
dibular ramus of the VII nerve can be seen (Cavin & Grad̆inaru,
2014:fig. 10; Toriño et al., 2021b:fig. 11B). We identify at least two
angular morphotypes based on the shape of the dorsal process.
Morphotype 1 (Fig. 8A, B) shows greater expansion of the
dorsal process, which is rounded at the top near the articulation
with the principal coronoid, whereas in morphotype 2, the dorsal
process is shallower and more triangular, as in Mawsonia gigas
(Toriño et al., 2021b) and Graulia (Manuelli et al., 2024:fig. 9).
The variation in expansion of the dorsal process between mor-
photypes is also seen in specimens of Dobrogeria and has been
attributed to ontogenetic variation (Cavin & Grad̆inaru, 2014:
fig. 10), but it is unclear whether this inference is applicable to
our sample. The raised hump on the lateral surface of the
angular in morphotype 1 (Fig. 8A) is unclear. Many of the
angular examples are ornate, with tiny tubercles occurring inter-
mittently on both lateral and medial surfaces (e.g., Fig. 8C, tub),
but these might represent pre-burial abrasion. BRSMG 7032.1 is
the only angular specimen to exhibit a rugose ornamentation on
the exterior surface (Fig. 8D). The rugosity is non-directional,
unlike in the angular of derived mawsoniids such as Mawsonia,
which are ornate with longitudinal rugosity (Cavin et al., 2021;
Toriño et al., 2021b). Some other characters related to the

deepest point, general outline, sutural contacts, and ornamenta-
tion of the angular have been proposed as of taxonomic value
for Mawsoniidae. However, these are generally used to differen-
tiate crown sister taxa, such as species of the Mawsonia–Axelro-
dichthys complex (e.g., Forey, 1998; Carvalho & Maisey, 2008;
Cavin et al., 2021).

Dentary: The dentary is known from just three specimens, all
of which are near complete (Fig. 9). We recognize two morpho-
types, each with a characteristic hook shape, but different
anterior process. Despite being incomplete, the anterior pro-
cesses in both morphotypes (Fig. 9, ant.pr) appear as short and
slender, before rounding into a point at the apex, similar to the
dentaries of the mawsonid Axelrodichthys (Cavin et al., 2020),
but quite different to Mawsonia where there is greater anterior
extension (Toriño et al., 2021b, 2022). There are two posterior
processes both ventrally and dorsally; the ventral process (Fig.
9, v.pr) articulates with the angular and is elongate, while the
dorsal process (Fig. 9, d.pr) articulates with the coronoid 4 and
prearticular and is considerably shorter and slenderer (Forey,
1998; Manuelli et al., 2024; Toriño et al., 2021b, 2024). Together
the posterior processes form the anterior margin of an elongate
mandibular fossa (Fig. 9, ant.m.f), which would be posteriorly
bordered by the prearticular and the principal coronoid. All
the dentaries studied exhibit a shape characteristic of theMawso-
nia–Axelrodichthys complex (Forey, 1998). However, neither
specimen exhibits the lateral swelling that characterizes some
Jurassic and Cretaceous mawsoniid coelacanths (including Lua-
labaea, Parnaibaia, Axelrodichthys, and Mawsonia; Cupello
et al., 2016; Forey, 1998; Toriño et al., 2021b, 2022; Yabumoto,
2008). These Rhaetian dentaries are gracile, unlike the more
robust dentaries seen in Mawsonia, which swell laterally at the
mid-length, and those of Axelrodichthys, which swell laterally
at the anterior margin (Cavin et al., 2021). It is unclear
whether lateral swelling is present in more basally branching
mawsoniids such as Graulia (Manuelli et al., 2024). The lateral
swelling may be absent in the dentaries of Late Triassic mawso-
niids, just as in the Lower Jurassic mawsoniid Trachymetopon
(Dutel et al., 2015a; Toriño et al., 2022). Tooth plates may have
been attached to the dentaries, but they are loosely attached in
extant latimeriids, so, if present in the Rhaetian taxa, they
might have separated after death (Manuelli et al., 2024).

Principal coronoid: Originally described as the ectopterygoid
of Pachystropheus (Sander et al., 2016; Storrs et al., 1996),
BRSUG 25333 (Fig. 10A, B), Quinn et al. (2024:fig. 16) reidenti-
fied the specimens as the principal coronoid of a coelacanth.
There are several examples, all of which are similar, but show
some slight variations in morphology and size, giving six morpho-
types (Fig. 10). The principal coronoid specimens are saddle
shaped, marked by an anterior and posterior wing (Fig. 10, a.w,
p.w), the latter of which sits higher in the skull than the anterior,
a typical feature of mawsoniid coelacanths, at least in Axelro-
dichthys, Graulia, Mawsonia, and Trachymetopon (Barbosa
et al., 2022; Forey, 1998; Fragoso et al., 2018; Manuelli et al.,
2025; Toriño et al., 2021b). All specimens are preserved exposing
the lateral side only, except BRSUG 25333, which is free from
matrix. The medial surface of BRSUG 25333 (Fig. 10B) is
abraded and covered by an area of rough texture as in Graulia
(Maunelli et al., 2024:fig. 9B, D), which is likely the remnants
of the shagreen of tiny teeth that would have covered the
surface (Forey, 1998). In BRSUG 25332, crenulations (Fig. 10C,
cr) can be seen on the lateral surface of the posterior wing. In
the middle of the saddle on the lateral surface is a large,
bulbous node (Fig. 10A, C–G, n), similar to that of Mawsoniia
(Toriño et al., 2021b); the node is most prominent in BRSUG
25332, although this may be a reflection of its size, as one of
the larger principal coronoids in our sample. In most examples,
the sutural contact surface for the dorsal process of the angular
is large (Fig. 10, s.c.a), stout at first, but quickly tapers ventrally.
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This size of the sutural contact surface for the angular is similar to
Axelrodichthys, which is described as stout (Cavin et al., 2016;
Cupello et al., 2016; Forey, 1998), but differs greatly from Maw-
sonia, where the sutural surface is described as small, or absent
(Cavin et al., 2021; Toriño et al., 2021b). Storrs et al. (1996)
noted tiny tubercles on the lateral surface of some examples
(NHMUK PV R 12510) which conforms with some coelacanth
material (Dutel et al., 2015a). Despite the slight variations
between the specimens, the principal coronoids are less robust
than in Mawsonia (Toriño et al., 2021b), appearing as graceful
and more like some specimens of Axelrodichthys (Barbosa
et al., 2022; Cavin et al., 2016; Forey, 1998; Fragoso et al.,
2018). It should be noted however, that the graceful appearance
of the specimens may be attributed to their overall small sizes.
Postcranial Skeleton—Neural spine: The neural spines of fossil

coelacanths are poorly described; however, they are short in
anterior vertebrae, gradually increasing in length down the ver-
tebral column (Forey, 1998). The ends of the neural spines are
cartilage capped in Latimeria, although they are also recorded
as co-ossified in some fossil examples (e.g., Trachymetopon,
Dutel et al., 2015a). A partial, isolated neural spine (Fig. 11A,
n.s) is identified on BRSMG Cg3102 (Quinn et al., 2024:fig.
3A). The neural spine is laterally compressed (Fig. 11A), with
a faint median ridge running parallel along the spine, as in Tra-
chymetopon (Dutel et al., 2015a:fig. 2). The distal portion of
the neural spine shows moderate lateral expansion but com-
presses dorsoventrally. The surface of the distal end is rough in

texture, suggesting it was cartilage capped as in other coelacanths
(Forey, 1998), and may have been a point of articulation for the
adjoining elongate neural spine in the medial fin for example (see
Dutel et al., 2015a:fig. 2). The example shows moderate curvature
towards the distal portion of the neural spine, as in the caudal
region of Trachymetopon.

Clavicle: The clavicle NMW2020.14G.7 (Fig. 11B) is the second
of two post-cranial bones described from amawsoniid. The speci-
men is an almost entirely preserved right clavicle with just a small
part of the anterior wing missing (Fig. 11B, ant.pr), though frag-
ments and the impression of the missing portion are preserved
(Fig. 11B). The specimen is slightly convex and thus preserved
in external view; it is assumed the internal surface is concave as
in other mawsoniids (e.g., M. gigas; Toriño et al., 2021b:figs. 3,
16). NMW2020.14G.7 is the largest of the coelacanth ossifications
described here, at 142 mm long. The clavicle is very similar in
appearance to that of Megalocoelacanthus (Dutel et al., 2012:
fig. 18) and M. gigas (Fig. 11C; Toriño et al., 2021b:figs. 3, 16;
Toriño et al., 2024:figs. 1, 3, and supplementary material
therein), bearing a striking resemblance superficially and in
size to the latter taxon (Fig. 11C). The body length of FC-DPV
2341/2977 (Fig. 11C) is calculated as between 1.4–1.5 m (Toriño
et al., 2024:fig. 6), suggesting a similar size for
NMW2020.14G.7, thus evidencing the presence of large-bodied
coelacanths in the Rhaetian. Typical for coelacanths, the anterior
end twists medially towards the sagittal plane, creating a twisted
‘helix’ appearance as inM. gigas (Toriño et al., 2021b:fig. 16G–J).
The posterior end of the clavicle is dorsoventrally expanded,
while the anterior is more constricted and graceful, similar to
Mawsonia and Axelrodichthys araipensis (Forey, 1998).

Given that there is limited morphological variation in the
shoulder girdles of coelacanths, the right and left clavicles
should contact medially via cartilage, in line with the posterior
margin of the urohyal (Forey, 1998; Toriño et al., 2021b). The
posterior clavicle margin should articulate with the ventral
portion of the cleithrum, overlapping part of its lateral face
(Dutel et al., 2013; Forey, 1998; Millot & Anthony, 1958). It is
unclear how the clavicle proportions compare with the cleithrum,
which is unfortunate because the proportions between these
bones are diagnostic of certain coelacanth taxa (Forey, 1998).

LATIMERIIDAE Berg, 1940 sensu Dutel et al., 2012
LATIMERIIDAE?, gen. et sp. indet.

(Figs. 4, 12)

Referred Material—See Supplementary Files.
Locality, Horizon, and Age—Upper Triassic, Rhaetian, West-

bury Formation (Penarth Group), from several localities
around the Bristol Channel.

Remarks—We identify material from the cranial and post-
cranial skeleton, which includes a basisphenoid and cleithrum.
We demonstrate that such elements are morphologically distinct
from mawsoniids and instead likely belong to latimeriid coela-
canths, although the relationships among early-diverging latimer-
ioid coelacanths are unclear, and diagnostic characters vary
between samples. Some of the indeterminate bones described
later might be latimeriid, though the bones are uninformative
and so difficult to diagnose. We find similarities between the
new materials and latimeriids such as Ticinepomis (Cavin et al.,
2013; Ferrante et al., 2023), Megalocoelacanthus and Latimeria
(Dutel et al., 2012:fig. 15B; Dutel et al., 2013:fig. 1A).

Description

Neurocranium, Parasphenoid, and Vomer—Basisphenoid: A
third basisphenoid morphotype is also reported on BRSMG
Cg3102 but the specimen is exposed dorsally only and attempts

FIGURE 12. Latimeriid? shoulder girdle. NMW2020.14G.8, left clei-
thrum exposed in lateral view. Abbreviations: Cl, cleithrum; Cla.ov, cla-
vicle overlap surface; Ecl?, extracleithrum; r.t, rough texture. Scale bar
represents 10 mm.
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FIGURE 13. Indeterminate coelacanth bones.A–C, BRSMGCe17773, morphotype 1, left symplectic in lateral,A, anterior, B, and posterior,C views;
D, NHM PVR 12480, morphotype 1, right symplectic exposed in medial view; E, NHM PVR 12543, morphotype 2, ?left symplectic exposed in lateral
view; F–G, BRSMG Ce17775, morphotype 3, left symplectic in medial, F, and lateral, G views; H, NHM PV P 73214, right gular plate from a large
indeterminate coelacanth exposed in dorsal view. Abbreviations: cr, crenulations; d.a.s, dorsal articular surface; f?, foramen; p.e, posterior extension;
st, striae; v.a.s, ventral articular surface. Scale bars represent 10 mm.
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to CT scan the rock failed because the slab is too thick (Fig. 4M).
Although we note some slight deformation to the specimen, mor-
photype 3 differs from those identified as mawsoniid basisphe-
noids, showing less prominent sphenoid condyles that are
separated by a wider gap, and a comparatively wide dorsum
sellae also (Deesri et al., 2018; Dutel et al., 2012; Hartung et al.,
2021), similar to Latimeria chalumnae (Forey et al., 1985; Forey,
1998), but most similar to Macropoma lewesiensis (Forey, 1998:
fig. 6.12B), thus supporting the affinity to Latimeriidae. Similarly
to morphotypes 1 and 2, BRSMG Cg3102 (Fig. 4M) preserves
the antotic processes, dorsum sellae, and sphenoid condyles, but
there are some morphological differences. Anteriorly (Fig. 4M),
the antotic processes extend laterally, as in M. lewesiensis (Forey,
1998:fig. 6.12B), and are not as large as in mawsoniid basisphe-
noids (Fig. 4A–L; Hartung et al., 2021:fig. 2, 3; Toriño et al.,
2021b:fig. 7A, F). Further, the antotic processes of BRSMG
Cg3102 (Fig. 4M) appear obovate in shape and are less prominent
than in both morphotypes 1 and 2 (Fig. 4A–L). There is a short
dorsum sellae visible between the antotic processes. Similarly to
morphotype 2, there are no indications of the oval processes
associated with the dorsum sellae (noted in morphotype 1) pre-
served in BRSMG Cg3102; the basisphenoid is well-preserved
and such processes appear to be completely absent, conversely
to morphotype 2, where it is suggested that these oval processes
on both sides of the dorsum sellae were lost through depositional
abrasion. As in both other basisphenoid morphotypes, the dorsum
sellae of BRSMG Cg3102 merges to become a ‘U’-shaped pit,
thought to be an extension of the pituitary notch (Hartung
et al., 2021; Schaeffer & Gregory, 1961), but the pit is relatively
wide rather than narrow as in morphotypes 1 and 2. In the pos-
terior of BRSMG Cg3102 there are sphenoid condyles; similarly
to morphotype 1, the condyles are spherical, but are smaller and
less well-ossified. There is a shallow depression separating the
sphenoid condyles as in other basisphenoid morphotypes.
Postcranial Skeleton—Cleithrum: NMW2020.14G.8 is identified

as the cleithrum from the shoulder girdle of a latimeriid coela-
canth (Fig. 12, Cl). The specimen appears mostly complete and
preserved in lateral view, but obscured by the surrounding
matrix. It is overall well-ossified, but could be from a juvenile or
small adult individual, comparing well to both ontogenetic
stages in Latimeria chalumnae (Mansuit et al., 2020:fig. 3). The
cleithrum is relatively slender, extending dorsoventrally and pre-
sents a moderate curvature towards the anterior of the bone,
though not as strong as in mawsoniids (e.g., Mawsonia; Toriño
et al., 2021b). The specimen looks laterally compressed, exhibiting
a lateral swelling in the medial portion of the bone, similar to
Megalocoelacanthus (Dutel et al., 2012). There is a marked
depression directly below the curvature of the bone in the pos-
terior of the ventral portion of the cleithrum, becoming weaker
dorsally, which is interpreted as the point of articulation for the
extracleithrum (Fig. 12, Ecl?), as in L. chalumnae andMegalocoe-
lacanthus (Dutel et al., 2012; Mansuit et al., 2020). Though gener-
ally well-ossified, there is an area of rough texture on the ventral
portion (Fig. 12, r.t), but it is unclear whether this portion of the
bone was cartilaginous where overlapped by the clavicle (Fig.
12, Cla.ov) or this represents postmortem damage. Unfortunately,
the medial face of the cleithrum is obscured by rock, and so the
articulation points for the anocleithrum (dorsal end) and scapulo-
coracoid cannot be seen, assuming it is similar to other coelacanths
(Forey, 1998; Mansuit et al., 2020; Toriño et al., 2021b).

Family, genus, and species indeterminate
(Fig. 13)

Pachystropheus rhaeticus; Storrs et al., 1996:329–330, 335–336
Indeterminate coelacanth; Hauser and Martill, 2013:982–987
Pachystropheus rhaeticus; Williams et al., 2022:11, 13

Referred Material—BRSMG Cg3102; NMW2020.14G.8.
Locality, Horizon, and Age—Upper Triassic, Rhaetian, West-

bury Formation (Penarth Group), from several localities
around the Bristol Channel.

Remarks—Similarly to the mawsoniid specimens described
earlier, some of the material had previously been assigned to
marine tetrapods. Both symplectic morphotypes from the hyoid
arch had previously been identified as bones of the marine
reptile Pachystropheus rhaeticus, with one figured as the left
caudal rib (Storrs et al., 1996:fig. 6B) and the other as an epipo-
dial (Williams et al., 2022:fig. 10f). It is plausible that some of the
materials described originate from latimerioid coelacanths,
although the bones are uninformative and so difficult to diag-
nose, meaning they should be treated as indeterminate.

Description

Hyoid Arch—Symplectic: The symplectic, BRSMG Ce17773
(Fig. 13A–C), was originally identified as belonging to the enig-
matic marine reptile Pachystropheus rhaeticus (Williams et al.,
2022) but was later shown to be the symplectic of a coelacanth
(Quinn et al., 2024:fig. 16). Symplectic bones are usually briefly
defined in descriptions of coelacanths, but the specimen is well
preserved showing great detail. The shape of the symplectic is
typical of other latimerioid coelacanths, with an upper part
enlarged posteriorly to form a hatchet shape (Fig. 13A, C, p.e;
Dutel et al., 2012, 2015b; Manuelli et al., 2024:figs. 5C, 12E).
The dorsal portion is more enlarged than the ventral and crenu-
lations (Fig. 13A–C, cr) can be seen ventrally running up the base
of the robust shaft that appears twisted in lateral view (Fig. 13B).
Both dorsal and ventral ends are marked by a rough texture, indi-
cating the bone was well-capped with cartilage, and the actual
length may have been longer, as in other coelacanths (Dutel
et al., 2012, 2015b; Forey, 1998). On the medial surface of
NHM PV R 12480 there is a circular depression that may be a
foramen (Fig. 13D, f?). NHMUK PV R 12543 shares these char-
acters too, but the dorsal end differs in that it is more rounded,
with less posterior extension (Fig. 13E). Overall, the specimens
described are very similar and morphologically comparable to
the symplectic bones of the Middle Triassic Graulia and Ticine-
pomis (Cavin et al., 2013:fig. 5; Manuelli et al., 2024:figs. 5C,
12E), and later forms such as Megalocoelacanthus and Latimeria
(Dutel et al., 2012:fig. 15B; Dutel et al., 2013:fig. 1A; 2015b),
suggesting a latimerioid affinity. However, it should be noted
that isolated symplectic bones are not character informative
and must be treated as indeterminate.

We suggest that BRSMG Ce17775 (Fig. 13F, G) is a left sym-
plectic, a specimen previously figured as the left caudal rib of
Pachystropheus (Storrs et al., 1996:fig. 6B), but facets for the
caudal ribs are seemingly absent in Pachystropheus and the speci-
men is considerably larger than most recorded vertebrae (Quinn
et al., 2024; Storrs et al., 1996). The specimen was recorded along-
side symplectic BRSMG Ce17773, although it is apparently not
from the same individual. Again, the bone lacks any diagnostic
feature, though it is small and robust, unlike morphotype 1
(e.g., BRSMG Ce17773:fig. 13 A–C), but similarly is well-ossi-
fied. Both ends are expanded moderately with a greater expan-
sion towards the dorsal portion of the specimen, similar to
BRSMGCe17773, yet lacks the hatchet shape seen in latimerioid
coelacanths (Dutel et al., 2012:fig. 15B; Dutel et al., 2013:fig. 1A;
Manuelli et al., 2024:figs. 5C, 12E). The lateral surface is smooth,
and faint crenulations run dorsoventrally to the tips of the ventral
end of the bone (Fig. 13G, cr). The shaft is constricted, appearing
as convex on the lateral side and concave on the medial. A
similar type of morphology is found amongst coelacanths, but
the absence of the hatchet shape raises questions about its lati-
merioid affinities. It is worth noting that BRSMG Ce17775 is
more or less anteroposteriorly symmetric, whereas the shaft of
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symplectic morphotype 1 projects in a dorsoposterior direction,
as in other latimerioid symplectics (Dutel et al., 2012:fig. 15B;
Dutel et al., 2013:fig 1A; Manuelli et al., 2024:figs. 5C, 12E).
Gular Region—Gular plate: The only example of a coelacanth

gular plate from the British Rhaetian, NHMUK PV UK P 73214
(Fig. 13H), was described by Hauser and Martill (2013), and we
re-describe it. The specimen is an isolated, almost entirely pre-
served right gular plate with just a small posterior part missing,
albeit the external mold of the missing portion is still visible
(Hauser & Martill, 2013). The gular plate is tentatively identified
as being from the right side, considering its shape. The specimen
is exposed in internal view, exhibiting a gently concave inner
surface. The gular plate is asymmetric, with a convexly curved
lateral edge and a continually straight medial margin where the
gular plates meet. Similar to many of the other coelacanth
bones described here, the surface is shiny and smooth. Further,
there is faint ornamentation in the center of the internal
surface (Fig. 13H), as well as faint striae on the anterior. Such
faint striae are seen also in mawsoniids, such as Mawsonia
gigas (Toriño et al., 2021b:fig. 14C, D), and latimeriids, such as
Megalocoelacanthus (Dutel et al., 2012:fig. 14C), but do not
seem to be present in other genera of coelacanths, such as the
Late Jurassic latimerid Libys polypterus (Hauser & Martill,
2013). The specimen is morphologically comparable to the
gular plates of several coelacanth genera (Hauser & Martill,

2013:fig. 4), as a thin (1.2 mm) dermal bone that is loosely ‘D’
shaped, tapering slightly at the posterior. Unfortunately, the
external ornamentation of the bone cannot be seen, which is a
diagnostic feature in Cretaceous mawsoniids (e.g., Mawsonia
and Axelrodichthys), typically exhibiting striae radiating from
the middle point of the ossification (Fragoso et al., 2018;
Toriño et al., 2021b).

DISCUSSION

Mistaken Identity

Coelacanth diversity peaked in the Lower–Mid Triassic, so it is
surprising just how poorly examples from the British Rhaetian
have been reported (Allard et al., 2015; Duffin, 1978:fig. 7;
Duffin, 1999:fig. 8; Hauser & Martill, 2013; Moreau et al.,
2021). Further, previous discussions have highlighted that the
robust, well-ossified nature of coelacanth bones would give
them a high preservation potential (Hauser & Martill, 2013;
Allard et al., 2015) and yet researchers have seemingly not fol-
lowed up these early leads. The isolated and often fragmentary
nature of vertebrate specimens from the British Rhaetian depos-
its means it is difficult to identify individual ossifications and the
same has been true for coelacanths from these deposits, leading
to mistakes in attribution. Even once identified as a coelacanth

FIGURE 14. Interpretative reconstruction of a large mawsoniid coelacanth alongside several juvenile individuals of the Rhaetian thalattosaur Pachy-
stropheus rhaeticus, based on materials described here, and associations of fossils of the two taxa. Artist credit: Daniel Phillips.
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fossil, the exact ossification within the skeleton can be difficult to
identify (e.g., Evans et al., 2024:fig. 7M).
Many registered specimens, some dating back to the late 1800s,

were identified prior to the recognition of coelacanths from these
deposits, resulting in misidentifications such as cranial bones of
Ceratodus or those of an indeterminate reptile. In the first
record of coelacanths from the British Rhaetian, a small, but
robust quadrate from the Neptunian dyke fissure at Holwell
(BRLSI unregistered specimen) is described as a phalanx of a
lepidosaur or mammal in the same sentence (Duffin, 1978:fig.
7), though this was later corrected (Duffin, 1999:fig. 8). Later,
coelacanth specimens were described as skull elements of the
thalattosaur Pachystropheus rhaeticus (Quinn et al., 2024;
Storrs et al., 1996), based on superficial similarities between
Pachystropheus postcranial and coelacanth cranial fossils such
as: similar preservation quality, crenulations on the surface of
bones, poorly ossified articulating ends of bones that are cartilage
capped, and associations of the two taxa in some instances
(Quinn et al., 2024). It is also notable that many specimens, par-
ticularly those collected by the late N. Large and stored at
NHMUK, have incorrect provenance, with nearly all of the speci-
mens collected fromWestbury Garden Cliff recorded as found at
Blue Anchor, Somerset, for some unknown reason. Nonetheless,
these misidentifications have led to long confusion, with many
specimens in collections and publications misidentified (Sander
et al., 2016:fig. 20G; Williams et al., 2022:fig. 10F).

Relationships

Unfortunately, isolated coelacanth bones are not character
informative for testing phylogenetic relationships. The morpho-
logical variability of particular coelacanth elements shown here
can reflect some ontogenetic or sexual dimorphism, but also
variability between species. Further, we note that though gener-
ally rare, where coelacanths are present in faunal assemblages,
they are represented by several closely related taxa, as in the
case ofGraulia (Manuelli et al., 2024). An alternative hypothesis
is that the range of morphological variation documents individ-
ual differences (polymorphism) within the population, such as
in the Mawsonia material from the Sanfranciscana basin, Brazil
(Carvalho & Maisey, 2008). Comparisons with described coela-
canths indicate that many are referrable to Mawsoniidae based
on characters such as the narrow “U” shaped dorsum sellae in
the basisphenoids (Fig. 3; Hartung et al., 2021). Interestingly,
we find few similarities between the material described here
and better-known coelacanths from the Middle–Late Triassic,
such as Graulia (Manuelli et al., 2024), and more similarities
are observed with later Mesozoic forms (e.g., Trachymetopon,
Mawsonia, andAxelrodichthys). This may suggest that our Rhae-
tian specimens are early occurrences of later clades, such as
Mawsoniidae, with stable morphology through to the Late Cre-
taceous (see also Paleobiogeography below). Difficulties in
establishing relationships between Early–Middle Triassic forms
and later Mesozoic mawsoniids, despite well-preserved speci-
mens, may arise from the sudden radiation of coelacanths in
the Early Triassic which causes difficulties in detecting synapo-
morphies and resolving phylogenetic interrelationships (Man-
uelli et al., 2024).

Paleoecology

The Rhaetian bone beds from which the described material
originates are interpreted as products of a shallow, storm-domi-
nated, continental shelf sea (Allington-Jones et al., 2010; Storrs,
1994; Williams et al., 2022). The south-west of England and
south Wales were then marked by a complex ecosystem in
which an archipelago of islands of Carboniferous limestone sat
within a rising shallow sea (Lovegrove et al., 2021). The

palynomorph assemblage of these deposits, at least at times, is
terrestrially dominated, particularly with spores attributed to
the mire plant Lepidopteris ottonis (Vadja et al., 2023), and
when considered with other freshwater fossils, suggest wetland
environments surrounding, or in close proximity to the Bristol
paleo-islands (Quinn et al., 2024).

The faunal assemblage of the Westbury Formation is like that
of other Late Triassic marine deposits, particularly the Norian-
aged Zorzino Limestone in Italy (Tintori & Lombardo, 2018),
rich in marine tetrapods, chondrichthyans, and osteichthyans
(Quinn et al., 2024; Swift & Martill, 1999). The abundance of
benthic invertebrates supported a range of durophages, animals
with dentitions for crushing hard-shelled prey, such as the
shark Lissodus minimus and pycnodont fishes, while placodont
reptiles effectively combed inshore localities (Evans et al.,
2024; Norden et al., 2015). Teeth of large predatory fishes such
as Birgeria acuminata and Saurichthys longidens (Diependaal
& Reumer, 2021) are common, possibly shed when eating
small fishes, such as Gyrolepis albertii, or other marine ver-
tebrates. Plesiosaurs and huge ichthyosaurs, though rare in the
shallow marine deposits, presumably pursued larger prey in
deeper water offshore, while Pachystropheus, an enigmatic and
possibly edentulous thalattosaur, had a unique ecology within
the Westbury, perhaps foraging in the muddy substrate (Quinn
et al., 2024).

The paleoecology of the Rhaetian coelacanths can only be
inferred from the ecology of extant and more complete extinct
coelacanths (Cavin et al., 2021; Forey, 1998, 2009). The Late
Triassic, and indeed the remainder of the Mesozoic, was domi-
nated by latimerioid coelacanths (Cavin et al., 2019, 2021;
Clement et al., 2024; Ferrante & Cavin, 2023; Toriño et al.,
2021a). Though both share the same evolutionary traits, latimer-
iid coelacanths are deep-water marine taxa, while mawsoniid
coelacanths seemingly thrived in brackish or freshwater environ-
ments, though there are some marine members of the clade, such
as the enigmatic Trachymetopon (Cavin et al., 2019; Dutel et al.,
2015a). Although the Westbury Formation is largely regarded as
marine (Storrs, 1994), findings by Quinn et al. (2024) would
suggest a brackish or freshwater environment when close to
land, possibly explaining how two closely related taxa with differ-
ing ecological niches could exist within the same deposits (but the
possibility that these mawsoniids were fully adapted to marine
conditions cannot be discarded). This is discussed further below.

Even though determination to species level is impossible, the
distribution of the coelacanth specimens and their relative fre-
quencies across the British Rhaetian localities (Fig. 1) suggests
that there were two closely related taxa with differing ecological
niches. The Rhaetian marine transgression occurred from west to
east in south-west Britain, meeting the coasts of north Somerset
and south Wales first, as evidenced by the marine conditions of
the early Rhaetian Williton Member of the Blue Anchor for-
mation at Lilstock, Somerset (Fig. 1; Bonis et al., 2010; Durbin
et al., 2024). As the transgression progressed and sea levels
rose, coupled with coeval tectonics causing some basins to
descend, the water in these areas was likely considerably
deeper than in the east (Durbin et al., 2024; Lovegrove et al.,
2021). Only one specimen attributable to Latimeriidae,
BRSMG Cg3102 (Fig. 3M), was reported from north Somerset
(Fig. 1), but this deep-water setting aligns with the known
ecology for latimeriid coelacanths. Further, the specimen is
well preserved with little abrasion, unlike terrestrial fossils seen
on the slab (Quinn et al., 2024:fig. 12c), suggesting minimal trans-
portation before deposition.

Most of the specimens come from locations to the east of the
Bristol Channel where the water was shallower, with more
than half (54.9%) of the sample reported as from Westbury
Garden Cliff and a further 35.29% from Aust Cliff (Fig. 1). Con-
ditions at Westbury Garden Cliff were shown to be variable,
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demonstrated by the fluctuation between deep-water and
shallow-water sediments, as well as horizons rich in limulid
trails and bivalve burrows in sediments that indicate a shoreline
environment at times of marine regression (Williams et al., 2022).
Fossils of Pachystropheus rhaeticus are also among the most
common vertebrate fossils at Westbury Garden Cliff, where
they possibly took advantage of the shallow waters and abun-
dance of benthic invertebrates at time of high oxygen inputs
(Quinn et al., 2024; Williams et al., 2022). We find that coelacanth
fossils occur frequently alongside specimens ofPachystropheus at
Westbury Garden Cliff, and elements of both taxa show minimal
abrasion, suggesting they are autochthonous; the two therefore
may have had similar ecological preferences, foraging for food
along the sea floor (Fig. 14). The coelacanths may even have
preyed on the small thalattosaurs, given that their bones indicate
large-sized coelacanths (possibly up to 1.5 m; see Toriño et al.,
2024) in the Late Triassic (Fig. 14) comparable to Mawsonia
gigas (Fig. 11). Although the material described occurs as iso-
lated specimens, the numerous morphotypes of many bones in
the sample hint at a complex community structure, with individ-
uals of varying age, size, and possibly species, supported within
the Rhaetian marine food web (Quinn et al., 2024:fig. 17).
Their possible preference for shallow waters matches the identi-
fication of many as belonging to Mawsoniidae, a clade elsewhere
reported from brackish, near-shore conditions.

Historical European Paleobiogeography of Mawsoniidae

The historical paleobiogeography of Mawsoniidae, summar-
ized by Toriño et al. (2022), is complex. Based on findings of
the marine genus Trachymetopon in Early Jurassic deposits
from Germany, Dutel et al. (2015a) suggested that mawsoniid
coelacanths were already present in Europe prior to the Early
Jurassic. Fragmentary records of Mawsoniidae were described
from Rhaetian marine deposits in France and Germany, expand-
ing their temporal range (Deesri et al., 2018; Hartung et al.,
2021), and further evidence for a European origin came from
the new basally branching mawsoniid Graulia from French
Middle Triassic (Ladinian) marine deposits (Manuelli et al.,
2024; see also Cavin et al., 2019). Our new fossils, although com-
prising isolated elements, are probably mawsoniids by compara-
tive analysis with confirmed members of the clade (Toriño et al.,
2022).
Quadrates, the first coelacanth bones from the British Rhae-

tian, were identified from Neptunian dyke fissures at Holwell,
Somerset by Duffin (1978, 1999). The sediment in the fissure
infills at Holwell was injected into active fault systems from a
nearshore marine environment, as shown by the dominant
fossils of Lissodus and Gyrolepis and rare placodonts, but the
faunal assemblage also includes, in small proportions (usually
>1%), non-marine fishes (Pholidophorus, Legnonotus, Semiono-
tus) and terrestrial vertebrates, such as rhynchocephalians (Cle-
vosaurus and Diphydontosaurus), other lepidosaurs, dinosaurs
(Thecodontosaurus) and a possible phytosaur (Whiteside &Mar-
shall, 2008; Whiteside et al., 2016; Weeks et al., 2025). While
Hauser and Martill (2013) wrongly observed that other coela-
canth material from Holwell derives from a freshwater fissure
fill deposit (the deposits are Neptunian dykes), they noted else-
where that Mesozoic coelacanths have been reported from
fresh, brackish, and marine paleoenvironments (Schaeffer,
1967; Yabumoto, 2005). The specimens are abraded (Duffin,
1978:fig. 7; Duffin, 1999:fig. 8), which makes confirming affinities
difficult (Hauser & Martill, 2013), but the specimens and their
context are consistent with the inferred paleobiogeography of
Mawsoniidae.
Coelacanth fossils identified from the British Rhaetian have

predominantly been from the Westbury Formation, which is
coeval with the fissure infills at Holwell (Whiteside & Marshall,

2008; Whiteside et al., 2016). British Rhaetian coelacanths are
most abundant in the lower–mid Westbury Formation, but at
least one specimen, the clavicle NMW2020.14G.7, can be con-
sidered as from the upper Westbury Formation, from the same
horizons as one of the Pachystropheus specimens (Quinn et al.,
2024).

The palynomorph assemblage of Pachystropheus bearing strata
is terrestrially dominated, with abundant spores of Ricciisporites
tuberculatus, and surprisingly few marine dinoflagellates,
suggesting a coastal wetland environment proximal to the paleo-
islands (Quinn et al., 2024). Similarly to the mawsoniid described
from the English Late Jurassic (Toriño et al., 2022), the Rhaetian
coelacanths may have lived in a shallow marine setting with
occasional freshwater inputs from heavy rain on the neighboring
paleo-islands. Mawsoniid coelacanths such asMawsonia andAxel-
rodichthys may have been euryhaline (Barbosa et al., 2022; Cavin
et al., 2021; Toriño et al., 2022). Furthermore, the bone beds of the
Westbury Formation yield rare fossils of allochthonous terrestrial
(dinosaurs) and freshwater (Ceratodus) vertebrates, often with
little pre-depositional erosion, which were likely washed in
during a flood or storm-surge ebb and deposited in low-energy
environments (Quinn et al., 2024).

If mawsoniids were brackish/freshwater tolerant, the Rhaetian
marine transgression and British Rhaetian paleoenvironment
may have been key to their dispersal. Further, the Rhaetian
Sea across the U.K. is shown to have been brackish, indicated
by mean oxygen isotope values of less than 20% found in hybo-
dont shark teeth from the Westbury Formation (Fischer et al.,
2012; Williams et al., 2022). This aligns with the suggestion that
the two main clades of Mawsoniidae, in the Triassic and Early
Cretaceous, also occurred in mainly brackish and fresh waters
(Cavin et al., 2019). However, if mawsoniids were euryhaline
(Barbosa et al., 2022; Cavin et al., 2021; Toriño et al., 2022),
this would have enabled them to colonize a broad range of
environments. The mawsoniids from the Ladinian and Rhaetian
of France (Deesri et al., 2018; Manuelli et al., 2024) and Rhaetian
of Germany (Hartung et al., 2021) occur in marine deposits,
though palynomorph analysis from deposits at Bonenburg
suggest a brackish environment, at least at intervals (Gravendyck
et al., 2020). It should also be noted that the German Rhaetian
deposits yielding coelacanths (Bonenburg, City of Warburg,
Westphalia), similarly to the British Westbury Formation,
produce considerable amounts of allochthonous terrestrial and
freshwater specimens (Konietzko-Meier, 2019; Sander et al.,
2016; Sander & Wellnitz, 2024), and so transportation of mawso-
niid remains into the marine realm is possible. In addition to the
German, French Ladinian, and Rhaetian specimens, the next
oldest occurrence of a European mawsoniid, Trachymetopon
from the German Toarcian (Dutel et al., 2015a), is also from
indisputably marine deposits.

Deciphering the context of mawsoniid remains in the Euro-
pean Middle–Late Triassic and Early Jurassic with such variabil-
ity between paleoenvironmental settings is difficult, particularly
where allochthonous terrestrial and freshwater fossils are abun-
dant. One scenario is that euryhaline mawsoniids could colonize
all these environments. An alternative hypothesis is that mawso-
niids went through intermittent marine and brackish/freshwater
phases between the Middle Triassic and Jurassic, varying in ecol-
ogies with the availability of paleoenvironments. For example,
the transition from Norian-aged arid, terrestrial environments
to shallow marine with the Rhaetian transgression, would have
created seas and inland waterways over much of the area that
is now Western Europe, and may have enabled mawsoniids to
explore new ecological realms critical to their dispersal.

Though large-bodied mawsoniids, exceeding 1 m in length
(Torino et al., 2024), are evidently present in the European Rhae-
tian, they were already widely distributed across Europe and
Asia, especially if the Middle Triassic Chinese
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Luopingcoelacanthus and Yunnancoelacanthus are regarded as
mawsoniids (Wen et al., 2013). However, the Late Permian
Changxingia has been proposed as a mawsoniid (Wen et al.,
2013), suggesting that the origin of the group could be traced
further back to Asia.
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