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The mystery of Mystriosaurus: Redescribing the poorly
known Early Jurassic teleosauroid thalattosuchians
Mystriosaurus laurillardi and Steneosaurus brevior

SVEN SACHS, MICHELA M. JOHNSON, MARK T. YOUNG, and PASCAL ABEL

Sachs, S., Johnson, M.M., Young, M.T., and Abel, P. 2019. The mystery of Mystriosaurus: Redescribing the poorly known
Early Jurassic teleosauroid thalattosuchians Mystriosaurus laurillardi and Steneosaurus brevior. Acta Palaeontologica
Polonica 64 (3): 565-579.

The genus Mystriosaurus, established by Kaup in 1834, was one of the first thalattosuchian genera to be named. The
holotype, an incomplete skull from the lower Toarcian Posidonienschiefer Formation of Altdorf (Bavaria, southern
Germany), is poorly known with a convoluted taxonomic history. For the past 60 years, Mystriosaurus has been consid-
ered a subjective junior synonym of Steneosaurus. However, our reassessment of the Mystriosaurus laurillardi holotype
demonstrates that it is a distinct and valid taxon. Moreover, we find the holotype of “Steneosaurus” brevior, an almost
complete skull from the lower Toarcian Whitby Mudstone Formation of Whitby (Yorkshire, UK), to be a subjective ju-
nior synonym of M. laurillardi. Mystriosaurus is diagnosed in having: a heavily and extensively ornamented skull; large
and numerous neurovascular foramina on the premaxillae, maxillae and dentaries; anteriorly oriented external nares;
and four teeth per premaxilla. Our phylogenetic analyses reveal M. laurillardi to be distantly related to Steneosaurus
bollensis, supporting our contention that they are different taxa. Interestingly, our analyses hint that Mystriosaurus may
be more closely related to the Chinese teleosauroid (previously known as Peipehsuchus) than any European form.
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Introduction

Thalattosuchians were a diverse group of aquatic crocodyl-
omorphs, which flourished in marine and brackish ecosys-
tems during the Jurassic and Cretaceous Periods (Buffetaut
1982; Hua and Buffetaut 1997; Young et al. 2010; Foffa et
al. 2015, 2019). They are divided into two groups, teleo-
sauroids and metriorhynchoids (sensu Young and Andrade
2009). Teleosauroids are particularly well known from
numerous complete skeletons discovered in the Toarcian
Posidonienschiefer Formation (Holzmaden area) of south-
western Germany (Hauff and Hauff 1981). A second, less
well-known but historically important locality in southern
Germany is the Altdorf region in northern Bavaria (Mauser
2001). One of the early fossil collectors from Altdorf was
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Johann Friedrich Bauder, a merchant and avid naturalist.
From 1770 to 1776, Bauder was mayor of Altdorf and during
that time, he made one of his most important discoveries,
an incomplete thalattosuchian skull. This specimen, which
Bauder discovered in a quarry near Altdorf, is one of the
first ever described thalattosuchian fossils and has a long
and remarkable history (see below). In 1834, Johann Jakob
Kaup established it as the holotype of Mystriosaurus lau-
rillardi Kaup, 1834 (see Fig. 1). During the latter half of the
1800s, Blake (1876) described a different teleosauroid skull
from the Whitby Mudstone Formation of Whitby (UK) as
“Steneosaurus” brevior Blake, 1876 (see Fig. 2), a taxon that
was later considered to be closely related to M. laurillardi
(see below). However, the validity of Mystriosaurus has of-
ten been questioned (e.g., Westphal 1961, 1962; Steel 1973)
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Fig. 1. Teleosauroid thalattosuchian Mystriosaurus laurillardi Kaup, 1834 (HLMD V946-948, holotype), lower Toarcian of Altdorf (southern Germany);
skull in dorsal (A;) and lateral (A,) views, midsection of the skull in ventral view (A3), and of the mandible in dorsal view (A,).

and in recent publications this genus has been considered
to be a subjective junior synonym of Steneosaurus (e.g.,
Westphal 1962).

During the 19" and early 20™ centuries, Teleosauroidea
was considered to be a generically diverse clade (e.g., Eudes-
Deslongchamps 1877; Mook 1934) and numerous taxa were
described (e.g., Eudes-Deslongchamps 1867-1869; Andrews
1909, 1913). However, during the latter half of the 20™ cen-
tury there was a trend towards taxonomic lumping, at both
the genus and species levels (e.g., Westphal 1962; Steel 1973;
Adams-Tresman 1987). By the end of the 20'" century, only
four genera were commonly recognised: Machimosaurus,
Platysuchus, Steneosaurus, and Teleosaurus; there were
also disagreements on whether the genera Peipehsuchus
and Pelagosaurus belonged within Teleosauroidea or not
(Mueller-Towe 2005). Of these four, Platysuchus is mono-
specific; Teleosaurus was largely restricted to the Bathonian-
aged material from England and France; Machimosaurus
housed the distinctive Late Jurassic—Early Cretaceous
durophagous forms, and “Steneosaurus” was a wastebasket

genus for all other species (ranging from the Toarcian to the
Tithonian).

However, since the beginning of the 215 century, certain
teleosauroid interrelationships were tentatively being exam-
ined using a phylogenetic approach. These analyses all agree
that the genus “Steneosaurus” is not monophyletic (e.g.,
Mueller-Towe 2006; Jouve 2009; Young et al. 2012; Young
2014; Wilberg 2015; Fanti et al. 2016; Osi et al. 2018: data-
sets 2 and 3; Foffa et al. 2019; Johnson et al. 2019). In fact,
in the two widest sampled teleosauroid analyses (Osi et al.
2018: datasets 2 and 3), the only way to make Steneosaurus
monophyletic would result in Teleosauroidea being monoge-
neric (i.e., only Steneosaurus). This highlights the extent of
the “Steneosaurus lumping problem”, which is masking the
range of morphological diversity in Teleosauroidea and its
alpha taxonomy (e.g., see Jouve et al. 2017). As such, the va-
lidity of the genus “Steneosaurus” is currently being worked
on by MM, and is beyond the scope of this paper.

Both Mystriosaurus laurillardi and “Steneosaurus” bre-
vior have been considered to be subjective junior synonyms
of the ubiquitous lower Toarcian teleosauroid Steneosaurus
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Fig. 2. Teleosauroid thalattosuchian Mystriosaurus laurillardi Kaup, 1834 (NHMUK PV OR 14781, holotype of Steneosaurus brevior Blake, 1876, lower
Toarcian of Whitby (Yorkshire, UK); skull in lateral (A,), dorsal (A,), and ventral (A3) views.

bollensis (Jager, 1828), at some point over the past 100 years
(see below). The holotypes of both species have not been re-
described in over 100 years, nor have they been specifically
compared to one another. Here we provide a detailed rede-
scription and phylogenetic analysis of the holotype specimens
of Mystriosaurus laurillardi and “Steneosaurus” brevior and
demonstrate that: (i) both represent the same species (M. lau-
rillardi) and (i) Mystriosaurus is a distinct and valid genus.

Institutional abbreviations—CAMSM, Sedgewick Mu-
seum, Cambridge, UK; HLMD, Hessisches Landesmu-
seum, Darmstadt, Germany; VPP, Institute of Vertebrate
Paleontology and Paleoanthropology, Beijing, China; LPP
(PALEVOPRIM-CVCU), Institut de Paléoprimatologie,
Paléontologie humaine: Evolution et Paléoenvironnements

Université de Poitiers, Poitiers, France; MMG, Staatliches
Museum fiir Mineralogie und Geologie, Dresden, Germany;
MNHN, Muséum national d’Histoire naturelle, Paris, France;
MNHNL, Musée national d’histoire naturelle, Luxembourg,
Luxembourg; NHMUK, Natural History Museum, London,
UK; PETMG, Peterborough Museum and Art Gallery,
Peterborough, UK; PMU, Evolutionsmuseet, Uppsala univer-
sitet, Uppsala, Sweden; RE, Ruhr Museum, Essen, Germany;
SMNS, Staatliches Museum fiir Naturkunde, Stuttgart, Ger-
many; UH, Urweltmuseum Hauff, Holzmaden, Germany.

Other abbreviations.—CI, consistency index; HI, homo-
plasy index; MPC, most parsimonious cladograms; OTU,
operational taxonomic unit; RCI, rescaled consistency in-
dex; RI, retention index.
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Historical background

Mpystriosaurus laurillardi—The first, and very detailed, de-
scription of Bauder’s find was provided in 1776 by Johann
Ernst Immanuel Walch in the journal “Der Naturforscher”
[The Naturalist], of which he was editor during that time.
Walch also figured the fossil (Walch 1776: pl. 4: 8) and re-
ferred to it as the skull of a “Crocodill”. This identification
was questioned, however, by Johann Samuel Schréter, who
discussed the specimen and Walch’s (1776) conclusions in
a detailed rebuttal that he published in 1780. Rather than
the fossil belonging to a crocodile, Schréter (1780: 530) sug-
gested that the Altdorf find might belong to a large ant-eating
animal. Some years later, on 2 April 1783, the poet Johann
Wolfgang von Goethe reported in a letter to his friend (the
wealthy Darmstadt-based naturalist Johann Heinrich Merck)
that Bauder was going to send him the specimen, which von
Goethe apparently planned to purchase (Wagner 1835: 384).
Merck, however, was able to acquire it first and paid for it
the sum of 20 Louis d’or (Wagner 1835: 389). Merck (1786:
81) briefly discussed the fossil after it was in his collection
and compared it with a “Gangetischen Krokodil”, which
presumably refers to the Indian gavial. Merck died in 1791,
and the specimen was purchased by landgrave Ludwig X in
1792. It was added to the Nature Cabinet at Darmstadt, which
formed the foundation of today’s Hessisches Landesmuseum
(Westphal 1962: 78). Faujas de Saint Fond (1799: pl. 54) illus-
trated the Darmstadt skull and followed Merck’s identifica-
tion of it as a gavial. Cuvier (1808) then described it as a croc-
odile, a determination that he followed in his 1825 publication
(Cuvier 1825: 115ff, pl. 6: 10-15). Von Sommerring (1814)
briefly described the specimen as the skull of a fossil gavial.

Kriiger (1825) mentioned the name Crocodilus cylin-
drirostris for one species of gavial that had been found near
Altdorf. This name also appeared in several later publica-
tions (e.g., Pierer 1827; Holl 1829; de la Beche 1832; Glocker
1839). Holl (1829) mentioned the names Crocodilus altorfi-
nus and Crocodilus brevirostris when referring to material
from the same locality. Both C. cylindrirostris and C. altorfi-
nus were later considered to be subjective junior synonyms
of C. brevirostris, which was subsequently referred to as
Steneosaurus brevirostris (e.g., Giebel 1847). However, it is
not clear if any of these species epithets specifically referred
to the Darmstadt specimen, as the specimen was not men-
tioned in relation with any of these binomina. Furthermore,
the Darmstadt specimen was not mentioned alongside other
thalattosuchian material from Altdorf that was known by
that time (see von Sommerring 1814).

In 1832, von Meyer (1832: 106) established the taxon
Streptospondylus altdorfensis for material from France and
Germany. This taxon, however, is a chimera represented by
both thalattosuchian and theropod dinosaur remains (Allain
2001). Von Meyer (1832) considered Cuvier’s (1801) “Gavial
de Honfleur” as the holotype of S. altdorfensis but also
added the Darmstadt specimen to the hypodigm without
providing an explanation (von Meyer 1832: 226-227).
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In 1834, Johann Jakob Kaup, by then assistant at the
Nature Cabinet in Darmstadt, assembled a catalogue of
plaster casts within the Darmstadt collection. Original spec-
imens were listed in the additions of this catalogue and here
Kaup (1834) first mentioned the name Mystriosaurus lau-
rillardi specifically for the skull from Altdorf. Based upon
a letter from Kaup, a brief note on the existence of the M.
laurillardi specimen was also published by Miinster (1834).
Kaup (1837) provided a more detailed description, listing
the diagnostic characters. In this publication, additional
cranial and postcranial material from the same locality at
Altdorf is mentioned, which by then was housed in the col-
lection of the Graf zu Miinster (the current whereabouts of
this material are unknown). Kaup (1837) later referred other
specimens from Germany and England to Mystriosaurus
and established several new species.

Wagner (1850: 595), however, pointed out that the di-
agnostic characters given by Kaup in Bronn (1837) are not
sufficient as they also occur in Teleosaurus. Still Wagner
(1850) retained Mystriosaurus as a valid genus, but mainly
because Teleosaurus derives from younger strata. d’Alton
and Burmeister (1854) discussed Wagner’s (1850) conclusion
and considered Teleosaurus chapmani as being a subjec-
tive junior synonym of Mystriosaurus laurillardi. Eudes-
Deslongchamps (1863—1869) also questioned the validity
of Mystriosaurus and established a new combination for
the type species: Teleosaurus (Steneosaurus) laurillardi;
a view which only some (e.g., Lydekker 1888) followed.
Eudes-Deslongchamps (1877: 4) included in his “téléosau-
riens” numerous valid genera: Pelagosaurus, Mystriosaurus,
Teleosaurus, Steneosaurus, Spatocranius, Teleidosaurus,
Aeolodon, and Metriorhynchus. The teleosauroids in Mook
(1934) were similarly diverse: Pelagosaurus, Teleosaurus,
Teleidosaurus, Aeolodon, Crocodileimus, Gnathosaurus,
Steneosaurus, Mycterosaurus (an error in print, should
have been Mycterosuchus), and Mystriosaurus. Note, Mook
(1934) considered Machimosaurus to be a goniopholidid (an
opinion common until the work of Krebs 1967).

The generic name Mystriosaurus was broadly accepted
in various publications during the 19" and early 20" centu-
ries (e.g., Bronn 1842; Wagner 1850; d’Alton and Burmeister
1854; Winkler 1878; Woodward 1885; Drevermann 1914;
Hauff 1921; Berckhemer 1929; Mook 1934; Holder 1955;
Huene 1956). It has only been since Westphal’s (1961, 1962)
revisions of the Lower Jurassic thalattosuchians of Germany
and England that Mystriosaurus laurillardi has been widely
accepted to be a subjective junior synonym of Steneosaurus
bollensis (e.g., the review of crocodylomorphs by Steel 1973
follows that taxonomic change made by Westphal 1962).
Moreover, Mystriosaurus is rarely mentioned in more recent
revisions of Early Jurassic European thalattosuchians (e.g.,
Mueller-Towe 2006; Young and Steel in press).

“Steneosaurus” brevior—Compared to the historical back-
ground of Mystriosaurus laurillardi (see above), that of
“Steneosaurus” brevior is relatively straightforward. The ho-
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lotype specimen was discovered in Whitby (UK) (although
when and by whom is unknown) and was purchased by
the British Museum of London (now the Natural History
Museum London) in 1840. The specimen was long referred to
as the manuscript name of Teleosaurus brevior, established
by Richard Owen (Blake 1876; Woodward 1885). Blake
(1876) identified it as belonging to the genus Steneosaurus
and was the first to describe and name the specimen, as
“Steneosaurus” brevior. However, Blake apparently briefly
considered the possibility of it belonging to Teleosaurus
chapmani (see Vignaud 1995). Owen (1884) reprinted his
earlier 1841 paper on 7. chapmani, but also included informa-
tion on the holotype of “S”. brevior, which he still referred to
as T. brevior. Woodward (1885: 499) suggested Owen (1884)
had reprinted his 1841 work “without attempting to incorpo-
rate the results of recent Continental research”. Woodward
(1885: 499) went on to discuss the recent teleosauroid taxo-
nomic changes made by Eudes-Deslongchamps (1863—1869,
1877), and stated that in following them “S.” brevior “would
be relegated to Mystriosaurus”. In his overview taxonomic
table, Woodward (1885) had both 7. chapmani and S. brevior
as species of Mystriosaurus. Westphal (1961, 1962) used the
binomen “Steneosaurus” brevior, although he was unsure
about the taxonomic status of the species, hypothesising that
“S.” brevior could be basal to S. bollensis. However, Steel
(1973) listed “S.” brevior as one of the numerous subjective
junior synonyms of S. bollensis. Walkden et al. (1987) again
were unsure about the taxonomic status of “S.” brevior, as
they too raised the possibility it was synonymous with S.
bollensis. More recently, “S.” brevior has been recognised
as a distinct taxon (e.g., Vignaud 1995; Mueller-Towe 2006;
Pierce et al. 2009; Young and Steel in press). Young and Steel
(in press) concluded that the only UK museum specimen that
could be definitively referred to “S.” brevior is the holotype
(NHMUK PV OR 14781). They highlighted that previous
studies had erroneously referred all massive specimens to
this species, and that they were in fact very large and robust
individuals of S. bollensis.

Young and Steel (in press) stated that part of the tax-
onomic confusion of this species originated from Blake
(1876), who referred a second large partial skull (NHMUK
PV R 756) to “S.” brevior when originally describing the
species. However, Young and Steel (in press) referred this
specimen to S. bollensis based on their revised species di-
agnoses of the thalattosuchians from the Whitby Mudstone
Formation. Furthermore, they stated that all other fragmen-
tary museum-based specimens previously referred to “S.”
brevior must be considered Teleosauroidea indeterminate.

Interestingly, there is a potentially older name for this
species. Edward Charlesworth announced a new species,
Teleosaurus ischnodon, at the 24" meeting of the British
Association for the Advancement of Science held in Liverpool
in 1854. Unfortunately, Charlesworth seems to have never
formally published the name, or given a diagnosis (Blake
1876; Woodward 1885). Thus, it is a nomen nudum. Blake
(1876: 245) mentioned when establishing “S.” brevior, that T.

ischnodon could have been the same species. Unfortunately,
there is no way of establishing what specimen was intended
to be the type specimen, if it has survived to the present day.

Systematic palaeontology

Thalattosuchia Fraas, 1901
Teleosauroidea Geoftfroy Saint-Hilaire, 1831
Genus Mystriosaurus Kaup, 1834

Type species: Mystriosaurus laurillardi Kaup, 1834, Altdorf bei Niirn-
berg, lower Toarcian, Lower Jurassic.

Mystriosaurus laurillardi Kaup, 1834

Figs. 1-4.

1834 Mystriosaurus laurillardi gen. et sp. nov.; Kaup 1834: p. 28 [not
figured].

1876 Steneosaurus brevior sp. nov.; Blake 1876: pl. 1:1, 2.

Holotype: HLMD V946-948, an incomplete cranium and mandible.

Type locality: Altdorf bei Niirnberg, Niirnberger Land district, Bavaria,

southern Germany.

Type horizon: Posidonienschiefer Formation, Schwarzjura Group, pro-

bably Harpoceras serpentinum Sub-Mediterranean Ammonite Zone,

lower Toarcian, Lower Jurassic (Page 2003; German Stratigraphic
Commission 2016).

Emended diagnosis.—Teleosauroid crocodylomorph with
the following unique combination of characters (proposed
autapomorphic characters indicated by an asterisk): robust
skull with well-developed and extensive ornamentation on
the premaxillae, maxillae, nasals*, frontal, prefrontal, lac-
rimal, jugal* postorbital and squamosal*; frontal ornamen-
tation composed of small sub-circular to elongate pits that
are closely spaced or that fuse and become a ridge-groove
pattern; mesorostrine snout (preorbital length is approxi-
mately 66% of skull length), which is broad near the orbits
but narrows and becomes slightly more slender anteriorly;
slight constriction of the snout in front of the orbits; large
and numerous neurovascular foramina on the premaxillae,
maxillae and dentaries (shared with Machimosaurini); exter-
nal nares oriented anteriorly*; the anterior and anterolateral
margins of the premaxilla are orientated anteroventrally and
extend ventrally in lateral view (shared with Mycterosuchus
nasutus Andrews, 1913, Platysuchus multiscrobiculatus
Berckhemer, 1929, the Chinese teleosauroid previously re-
ferred to as Peipehuschus (see Li 1993), Bathysuchus megar-
hinus Hulke, 1871; Foffa et al. 2019); antorbital fenestrae
almost equidistant to the orbits and alveolar margins (shared
with P. multiscrobiculatus); the antorbital fenestrae are large
relative to the orbits (anteroposterior length equals 25% of
orbital length), being slightly anteroposteriorly elongated
and subcircular in shape; supratemporal fossae form an ap-
proximate isosceles trapezoid-shape*; anterolateral margin
of supratemporal fossae (i.e., lateral processes of the fron-
tal and the dorsal processes of the postorbitals) noticeably
inclined anterolaterally (shared with Mycterosuchus nasu-



Fig. 3. Comparison between teleosauroid thalattosuchians Mystriosaurus
laurillardi Kaup, 1834 (HLMD V946-948, holotype), lower Toarcian of
Altdorf (southern Germany) (A), Mystriosaurus laurillardi Kaup, 1834
(NHMUK PV OR 14781, holotype of Steneosaurus brevior Blake, 1876,
lower Toarcian of Whitby (Yorkshire, UK) (B), and Steneosaurus bollen-
sis (Jager, 1828) (PMU R161, RE 551.762.130 A 0248), lower Toarcian of
Holzmaden (southwestern Germany) (C, D, respectively). Anterior portion
of rostrum in lateral (A, By, C) and anterior (A,, B,, D) views, showing the
ventrally deflected premaxilla and the anteriorly facing external naris (en).
Not to scale.

tus, Platysuchus multiscrobiculatus, Chinese teleosauroid,
Bathysuchus megarhinus); the anterolateral corners of the
supratemporal fossae extend significantly lateral to the lat-
eral margin of the orbits (= the anterior region of the supra-
temporal fenestrae are very wide); medial margin of supra-
temporal arch is straight, with no significant concavity*;
the orbits are subcircular in shape, and are dorsolaterally
orientated; postorbital reaches the orbit posteroventral mar-
gin (shared with P. multiscrobiculatus, Chinese teleosauroid,
B. megarhinus); short frontal anteromedial process, being
noticeably shorter than the prefrontals when seen in dorsal
view; ventral border of angular horizontal and poorly curved
(shared with Steneosaurus gracilirostris Westphal, 1961);
mandibular fenestra poorly elliptic*; four teeth per premax-
illa; large, slightly robust teeth that have numerous conspic-
uous apicobasally aligned ridges, and a pointed apex, with
some anteriorly-placed tooth crowns being procumbent*.

Material—NHMUK PV OR 14781, an almost complete
skull associated with a fragmentary limb bone (holotype
of “Steneosaurus” brevior) from Whitby, Yorkshire, UK;
Mulgrave Shale Member, Whitby Mudstone Formation, Lias
Group, Harpoceras serpentinum Sub-Boreal Ammonite
Zone, lower Toarcian, Lower Jurassic (Blake 1876).

Description—The holotype of Mystriosaurus laurillardi
(HLMD V946-948) is a three-dimensionally preserved
skull (Fig. 1) that measures approximately 650 mm along
the dorsal midline. HLMD V946-948 consists of an isolated
rostrum and the posterior part of the skull, preserved as a
slab and counter-slab. The majority of the skull roof, the
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occipital part and the rear portion of the mandible are either
missing or obscured by matrix. Infillings of the internarial
cavities are preserved in the counter-slab. The block with
the post-symphyseal mandibular portion has two carved
holes, which Kaup in Bronn and Kaup (1841) discussed as
Gaumenlocher (“palatal fenestrae™). The anterior rostrum
(premaxillae, maxillae, and dentary) are cemented together.

NHMUK PV OR 14781 comprises a nearly complete
cranium and mandible (Fig. 2) which are adhered together
tightly so that the cranium in palatal view and mandible
dorsal view are inaccessible. Both the left posterior region
and occipital of the cranium are not preserved; in addition,
the right posterior portion of the cranium is partially cov-
ered with matrix (mainly seen in dorsal view; Fig. 2A,). In
ventral view (Fig. 2A3), the posterior part of the cranium
is likewise covered in matrix, and therefore cannot be de-
scribed at present. In dorsal view, there is a limb bone (Fig.
2A,) preserved in the matrix; however, only the shaft is
well-preserved, making identification difficult (the anterior
part appears to resemble the humeral head found in other
teleosauroids, making this bone a possible humerus). All
information pertaining to the jugal, prefrontal, lacrimal,
frontal, postorbital, squamosal, quadratojugal, and surangu-
lar was inferred from NHMUK PV OR 14781.

Cranium: The cranium of NHMUK PV OR 14781 is
approximately 595 mm from the anterior tip of the ros-
trum to the anterior margin of the orbit. The overall appear-
ance of the preorbital skull is mesorostrine and is slightly
more robust, shorter, and rugose than those seen in the
other Toarcian teleosauroids (e.g., Steneosaurus bollensis,
SMNS 51753; S. gracilirostris, NHMUK PV OR 14792;
Platysuchus multiscrobiculatus, SMNS 9930). The anterior
premaxillae and dentaries are laterally expanded similarly
to the condition in other teleosauroids (e.g., Andrews 1909,
1913; Hua 1999; Young et al. 2014; Johnson et al. 2017). The
orbits are large, circular and anteroposteriorly oriented (Fig.
2A,, A,), and in dorsal view the partially preserved right
supratemporal fenestra is sub-rectangular in shape, with the
anteroposterior axis being more than 10% longer than the
lateromedial axis. The anterolateral margin of the supratem-
poral fossae are inclined anterolaterally; the anterolateral
corners of the supratemporal fossae extend noticeably more
anterior than the anteromedial corners of the supratemporal
fossae (Fig. 2A,). The medial margin of the supratemporal
arch is relatively straight in dorsal view.

Premaxilla: The premaxillae (Figs. 1-3) in both HLMD
V946-948 and NHMUK PV OR 14781 are large and dorso-
ventrally deep. They surround the external narial opening
and are oriented anteriorly. The external nares are laterally
expanded and their posterior margins do not reach beyond the
third premaxillary alveolar pair. In NHMUK PV OR 14781,
there is a small premaxillary septum protruding into the na-
res, giving them a slight B-shape in anterior view (Fig. 3B,).
This septum is broken off in HLMD V946-948. The anterior
two-thirds of the premaxilla is laterally expanded, antero-
posteriorly shortened and the anterior margin is ventrally
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Fig. 4. Reconstruction of teleosauroid thalattosuchian Mystriosaurus laurillardi Kaup, 1834 cranium and mandible in dorsal (A;) and ventral (A,) view.

The reconstructed portions are illustrated in SOM: fig. S6. Not to scale.

deflected, giving the snout a scoop-like appearance. In dorsal
view, the premaxilla-maxilla suture is slightly interdigitating
and rounded. In lateral view, the anterior and anterolateral pre-
maxillary margins are orientated anteroventrally and extend
ventrally (which is similar to Platysuchus multiscrobiculatus,
SMNS 9930 and differs from Steneosaurus bollensis, RE
551.762.130 A 0248 (see SOM: fig. S1, Supplementary Online
Material available at http://app.pan.pl/SOM/app64_3-Sachs_
etal_SOM.pdf). The dentigerous anterior portion of the con-
joint premaxillae forms a rosette with undulated margins. A
prominent diastema is present that starts after the last pre-
maxillary tooth position and here the premaxillae are trans-
versely constricted (Figs. 1, 2). The posterodorsal portions of
the premaxillae together form a prominent tip that terminates
at the level of the third maxillary tooth position and separates
the maxillae anterodorsally. In both HLMD V946-948 and
NHMUK PV OR 14781, the mandible obscures the majority
of the ventral view of the premaxillae; however, in both ven-
tral views (Fig. 3C, D), the lateral margins of four alveoli are
visible. The first and second alveoli are placed anteriorly, and
are nearly confluent. A small, slightly indented gap is present
between the first premaxillary tooth and the midline suture,
and between the second and third premaxillary teeth, there
is an additional, larger gap that is indented in ventral view.
The third premaxillary tooth is prominent, more so when
compared to the other premaxillary teeth. Between the third

and fourth premaxillary teeth there is a prominent concave
gap, such as in other teleosauroids (e.g., Steneosaurus leedsi
Andrews, 1909, NHMUK PV R 3806). The last premaxillary
tooth is the smallest of the four teeth. Both premaxillae are
well ornamented with conspicuous pits and grooves (Figs. 1,
2). Best seen in NHMUK PV OR 14781, there is a cluster of
large circular foramina along the anterior and lateral margins
of the external nares visible in dorsal, lateral and anterior
views (Figs. 2, 3).

Maxilla: The maxillae (Figs. 1, 2) form a substantial part
of the rostrum. In HLMD V946-948, the anterior portions
of the maxillae are well preserved, but the dorsal midline
suture is barely visible. The maxillae are elongate, trans-
versely narrow elements, and anterodorsally separated by
the premaxillae (Figs. 1, 2, 4). Their lateral margins are
sub-parallel in dorsal view. The maxillae seperate the nasals
from the premaxillae. The lateral maxillary margins are
undulated and slightly bulged at the tooth positions, espe-
cially in the anterior part (indicating deep reception pits). In
HLMD V946-948, the posterior maxillary portion is only
partly preserved on the left side, adjacent to the nasal. The
latter contacts the maxilla via a smooth, straight suture
that extends anteromedially. All pointed tooth crowns (Figs.
1-3) are intersected and expose the pulp cavity in lateral
view. In HLMD V946-948, the exact number of maxil-
lary teeth cannot be provided, as both maxillae are incom-
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plete. In NHMUK PV OR 1478]1, the precise maxillary tooth
count is also difficult to determine, but there are at least
29 alveolar pairs. The maxilla is heavily and extensively
ornamented with conspicuous pits and grooves. In addition,
there are deep, well-spaced foramina (arranged in a single
line parallel to the maxillary ventral margin) that are visible
in dorsal, lateral and anterior views (best seen in NHMUK
PV OR 14781). In both specimens, the mandible obscures
the ventral sides of the maxillae.

Jugal: The right jugal in NHMUK PV OR 14781 is com-
plete (Fig. 2) whereas the left jugal is partially preserved (the
posterior area is missing). It is triradiate, forms the lateral
border of the orbit as seen in other teleosauroids (Andrews
1909, 1913), and participates in the ventral margin of the
orbit. The anterior jugal is short and does not extend anteri-
orly past the orbits (Figs. 2, 4). The postorbital-jugal contact
(best seen in right lateral view) appears to be anteroposte-
riorly straight (with the postorbital overlapping the jugal).
The quadratojugal-jugal contact cannot be clearly seen. The
jugal is also ornamented with elongate, deep grooves and
small sub-oval pits.

Nasals: In both specimens, the dorsal surfaces of the
nasals are exposed (Figs. 1, 2). The nasals are large trian-
gular bones exposed on the dorsal surface of the poste-
rior rostrum and orbital area. The straight midline suture is
clearly visible and so is the anteromedially extending lateral
suture to the maxilla. The overall anteroposterior elongation
of the nasals is slightly shorter and mediolaterally broader
than in other Toarcian teleosauroids (e.g., S. gracilirostris
NHMUK PV OR 14792). The nasal anterior processes are
approximately one-third of the posterior rostrum and have a
well-developed near-parallel suture contact with the maxil-
lae. There is no dorsoventral abrupt “doming” of the nasals
(see Lemmysuchus obtusidens (Andrews, 1913), Johnson et
al. 2017, NHMUK PV R 3168, LPP.M.21, PETMG R39). A
midline concavity (“midline trench”) is present in NHMUK
PV OR 14781. There is a faint internarial suture in HLMD
V946-948 and NHMUK PV OR 14781, suggesting that the
nasals are unfused. The nasals, similarly to the premaxil-
lae and maxillae, are noticeably ornamented in (best seen
in NHMUK PV OR 14781, Fig. 2A,), with multiple, deep
grooves, which differs from other Toarcian teleosauroids
(e.g., S. gracilirostris, NHMUK PV OR 14792; S. bollensis,
SMNS 51563, MMG BwlJ 565).

Prefrontal: The prefrontals in NHMUK PV OR 14781
are slightly sub-circular in shape, longer than wide in dorsal
view (Figs. 2, 4), and ornamented with deep grooves. The
prefrontal forms the anteromedial border of the orbit, and
contacts the nasal and frontal medially and the lacrimal lat-
erally (Figs. 2, 4). The prefrontal-frontal suture is irregular
and the prefrontal-lacrimal contact is regular.

Lacrimal: The lacrimal in NHMUK PV OR 14781 is a
large, triangular bone that constitutes the majority of the
anterolateral margin of the orbits (Figs. 2, 4). The lacrimal
is ornamented as in the other aforementioned bones. The
paired antorbital fenestrae are large relative to the orbits,
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subcircular in shape and slightly anteroposteriorly elon-
gated. The right antorbital fenestra is better preserved than
the left, and it is almost equidistant between the orbit and
alveolar margin, although it is still slightly closer to the or-
bit, which is similar in P. multiscrobiculatus (SMNS 9930),
whereas in other teleosauroids (e.g., Steneosaurus leedsi,
NHMUK PV R 3806) the antorbital fenestrae are much
closer to the orbits (e.g., Andrews 1913). The anteroposterior
length of the antorbital fenestrae is approximately 25% of
the orbital anteroposterior length.

Frontal: The frontal in NHMUK PV OR 14781 is a large,
dorsoventrally deep bone with no evidence of a midline su-
ture (Figs. 2, 4). The frontal contributes to the posteromedial
border of the orbit and forms the anterior medial borders of
the supratemporal fenestra, as well as an almost straight
vertical contact with the postorbital in dorsal and lateral
views (Fig. 2A;, A,). The anterior process is short as in other
teleosauroids (e.g., S. bollensis, SMNS 51753). The frontal is
heavily ornamented with large pits and grooves that irradi-
ate from the centre of the bone and extend to the anterior-
most and lateral-most regions, similar to other Toarcian
teleosauroids (e.g., P. multiscrobiculatus, SMNS 9930; S.
bollensis, RE 551.762.130 A 0248; see SOM: fig. S2). The
posterior-most portion of the frontal is not preserved.

Postorbital: The large, robust postorbital in NHMUK PV
OR 14781 (Fig. 2A,, A,) reaches the posteroventral margin
of the orbit (with the postorbital overlapping the jugal), and
extensively forms part of the orbital ventral margin (similar
to P. multiscrobiculatus SMNS 9930). The postorbital also
forms the lateral and posteroventral margins of the supra-
temporal fenestra (Figs. 2, 4). The anterodorsal suture inter-
digitates tightly with the frontal and forms the posterior mar-
gin of the orbit. The postorbital is noticeably larger and more
elongate than the squamosal, and the postorbital-squamosal
contact is straight (best seen in lateral view). The anterodor-
sal area of the postorbital is slightly anteroposteriorly con-
stricted (Fig. 2A,), whereas the rest of it is anteroposteriorly
broad. The postorbital-jugal contact is difficult to discern
due to the rugosities of the skull. The postorbital bar (formed
by the frontal-postorbital contact) is similar to other teleo-
sauroids (e.g., S. bollensis, SMNS 51753; Andrews 1913). It
is slightly anteroposteriorly thickened, is ornamented by pits
and grooves and forms the posterolateral margin of the orbit.

Squamosal: The right squamosal is preserved in
NHMUK PV OR 14781 (Fig. 2A,), and is a large, elongate
L-shaped bone (Fig. 4). The anterior process is anteroposte-
riorly elongated (in dorsal view) and forms the posterolat-
eral border of the supratemporal fenestra. The posterolateral
surface of the squamosal is concave in lateral view and con-
vex in dorsal view (Fig. 2A,). The squamosal bar is robust
and anteriorly contacts the postorbital bar (together forming
the supratemporal arch). The anterior squamosal bar is orna-
mented with pits and grooves, as in the postorbital.

Quadratojugal: The anterior part of the right quadratoju-
gal is preserved in lateral view in NHMUK PV OR 14781; it
is a thin, elongate bone (Fig. 4).
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Other cranial elements: In HLMD V946-948, remnants
of the right palatine and possibly also the pterygoid are
exposed in ventral view (Fig. 1Aj3), but the poor preserva-
tion precludes a detailed description. The palatal elements
are unavailable in NHMUK PV R 14781. The parietals,
prootics, laterosphenoids and quadrates are not preserved
in either specimen and therefore cannot be described. In
addition, the majority of bones representing the occipital
are not preserved, and the basicranium is unavailable (as
mentioned above).

Mandible: In HLMD V946-948, the mandible is par-
tially preserved (Fig. 1A,, A4), with sections of the posterior
dentaries and articulars missing. The anterior portion of the
dentary is cemented to the cranium. In NHMUK PV OR
14781, the mandible is nearly complete on the right side and
partially preserved on the left (Fig. 2A1, Aj). It is likewise
cemented to the cranium, so the dorsal surface is not visible,
as mentioned above. In NHMUK PV OR 14781, the man-
dible measures approximately 870 mm in length (with the
articular missing). The contact including the dentary, angu-
lar and splenial (best seen in right ventral view) is formed
posterior to the mandibular symphysis on the ventral side.
The posterior-most area of the mandible is partially covered
with ironstone matrix.

Dentary: In HLMD V946-948, the anterior parts of both
dentaries and the midsection of the right mandibular ramus
are preserved (Fig. 1), but the midline suture is barely visi-
ble. Due to the occlusion with the skull, only the lateral and
ventral sides are exposed. The dentary (Fig. 1A,) is a slen-
der, elongate bone making up the majority of the lateral and
ventral surfaces of the mandible, as seen in many crocody-
lomorphs (Andrews 1909, 1913; Romer 1956; Nesbitt 2011;
Johnson et al. 2017). The dentaries are overhung and demar-
cated anteriorly by the premaxillae (Figs. 2A3, 3A), unlike
the condition seen in Steneosaurus bollensis (Fig. 3C, D).
A prominent notch is present that intersects the anterior
margin of the conjoint dentaries. It is unclear whether this
notch is a preservational artefact or a genuine morphol-
ogy, but it is found in numerous teleosauroid species (e.g.,
Platysuchus multiscrobiculatus, UH 1; Steneosaurus bol-
lensis, RE 551.762.130 A 0248, SMNS 18672, SMNS 53422;
Steneosaurus leedsi, NHMUK PV R 3320; Steneosaurus
edwardsi Eudes-Deslongchamps, 1868, NHMUK PV
R 2076, NHMUK PV R 3701). The dentaries are trans-
versely widened at the level of the premaxillary diastema.
In HLMD V946-948, at the posterior part of the symphysis,
the dentaries are dorsomedially demarcated by the splenials.
Posterior to the symphysis, the coronoid extends medially
to the dentary along its entire length. Ventrally, a short
contact with the splenial is indicated on the left side. A long
suture is present towards the angular, which separates the
dentary from the splenial for most of its preserved length.
In HLMD V946-948, the teeth are broken off or intersected,
exposing the pulp cavity. In both specimens, the alveoli are
relatively small and subcircular, with intermediate spacing
throughout (the interalveolar distance being slightly larger

than the alveolar labiolingual width, similar to S. graciliros-
tris MNHNL TUS15). In HLMD V946-948, the right ramus
bears remnants of 32 teeth. In NHMUK PV OR 14781, the
exact number of alveoli is difficult to discern, but there are
at least 30 alveolar pairs. The lateral margins of the den-
taries are undulated.

Splenial: The splenials (Fig. 1A,;) are exposed on the
dorsal and ventral side of the mandible in HLMD V946-948.
Dorsally the posterior splenial sections are visible; they are
slightly indented and form the middle portion of the symph-
yseal rostrum. A long contact with the dentary is present lat-
erally, with the suture being barely visible. A short, pointed
process extends posterior to the symphysis and contacts the
anteromedial side of the coronoid. Ventrally, the splenial
forms the medial side of the preserved post-symphyseal
mandibular ramus and has an elongated contact to the angu-
lar. In NHMUK PV OR 14781, only the right splenial is best
seen in ventral view (Fig. 2A5).

Surangular and angular: In NHMUK PV OR 14781, the
surangular (Fig. 2A,) is a thin and anteroposteriorly elon-
gate bone in lateral view. It appears to form a distinctive
V-shape (in conjunction with the angular and presumably
the articular) and terminates near the final alveolus of the
dentary. The posterior margin of the surangular is slightly
rounded and encloses an irregularly shaped mandibular
fenestra. In HLMD V946-948, part of the angular is pre-
served ventrally in the left mandibular ramus as an elon-
gate, transversely thin process that interferes between the
splenial and dentary (Fig. 1). It terminates slightly posterior
to the symphysis. In NHMUK PV OR 14781, the angular
(Fig. 2) occupies a larger area than the dorsally placed
surangular. The angular is dorsoventrally deeper and more
robust than the surangular and has a poor dorsal curvature
in lateral view. Both elements extend slightly more posteri-
orly than the cranium.

Dentition: Both specimens (HLMD V946-948 and
NHMUK PV OR 14781) have teeth preserved in situ. In
HLMD V946-948, the pulp cavity is exposed in lateral view,
as mentioned above. The maxillary and dentary teeth are
large and elongate (Figs. 3A, 4). In NHMUK PV OR 14781,
the anterior teeth have a more pointed apex than the poste-
rior ones, which are gently rounded. The teeth are slightly
more robust than those seen in other Toarcian teleosauroids
(e.g., S. gracilirostris, MNHNL TUS515, S. bollensis, SMNS
15172a, SMNS 54046; P. multiscrobiculatus, SMNS 9930).
They are more distally curved in the anterior section of the
maxillae and dentaries. The enamel ridges are small yet well
developed, parallel to one another and reach the top of the
apex. There are no serrations present.

Phylogenetic analysis

Methods—We conducted a series of phylogenetic analyses
to test the evolutionary relationships of Mystriosaurus lau-
rillardi, specifically in relation to Steneosaurus bollensis,
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set provided by Osi et al. (2018) and Foffa et al. (2019). The
dataset consists of a merged matrix combining two datasets
(now known as the Hastings + Young, or H+Y, matrix). The
total dataset currently consists of 142 taxa (18 of which
are teleosauroids) scored for 462 characters. The cladistic
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Fig. 5. Phylogenetic analyses using strict consensus trees of:
A, the position of Mystriosaurus (197 MPCs, 1513 steps);
B, HLMD V946-948 and NHMUK PV OR 14781 treated as
two separate taxa (213 MPCs, 1514 steps); and C, HLMD
V946-948 and NHMUK PV OR 14781 treated as two sepa-
rate taxa and removal of the IVPP Chinese teleosauroid (192
MPCs, 1508 steps). For comparative skulls see SOM: fig. S3.

analysis of the dataset was conducted using TNT 1.5 Willi
Hennig Society Edition (Goloboff et al. 2008; Goloboff and
Catalano 2016; this programme has been made available
with the sponsorship of the Willi Hennig Society), follow-
ing the methodology used in Young et al. (2016). In the first
analysis, NHMUK PV OR 14781 and HLMD V946-948
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were used to score a single Mystriosaurus OTU. In the sec-
ond analysis, NHMUK PV OR 14781 and HLMD V946-948
were treated as separate OTUs; lastly, in the third analysis
we removed the Chinese teleosauroid, and kept NHMUK
PV OR 14781 and HLMD V946-948 as separate OTUs.

Results—The first analysis produced 197 most MPCs
with 1513 steps (CI = 0.417, RI = 0.846, RCI = 0.353, HI =
0.584). The strict consensus topology (Fig. 5A) recovered
Mystriosaurus laurillardi in a polytomy that includes the
Chinese teleosauroid (IVPP V 10098), Platysuchus mul-
tiscrobiculatus, Bathysuchus megarhinus, Mycterosuchus
nasutus and Teleosaurus cadomensis Lamaroux, 1820.

The second analysis produced 213 MPCs with 1514 steps
(CI =0.417, R1 = 0.846, RCI = 0.353, HI = 0.584; Fig. 5B).
Both specimens formed a polytomy with the Chinese te-
leosauroid (IVPP V 10098). These taxa formed a subclade
within a polytomy including P. multiscrobiculatus, B. mega-
rhinus, M. Nasutus, and T. cadomensis.

The third analysis (192 MPCs with 1508 steps, CI =
0.418, RI = 0.847, RCI = 0.354, HI = 0.582) recovered
NHMUK PV OR 14781 and HLMD V946-948 as sister taxa
(Fig. 5C). The overall picture of crocodylomorph interrela-
tionships in all three analyses are similar to those found in
previous iterations of this dataset (see Ristevski et al. 2018;
Osi et al. 2018; Foffa et al. 2019). Furthermore, in all three
analyses, neither of the Mystriosaurus specimens formed a
close relationship with S. bollensis.

Discussion

Kaup (1837) distinguished Mystriosaurus from other fossil
crocodylomorphs based on the following combination of
characters: (i) long and cylindrical rostrum that curves up-
wards anteriorly; (ii) spoon-like skull and lower jaw expand-
ing anteriorly; (iii) eight teeth in the conjoint premaxillae
(four each); and (iv) elongated anterior portion of dentary,
also with four pairs of teeth, followed by 28 additional den-
tary teeth per side.

Kaup in Bronn and Kaup (1841) distinguished Mystrio-
saurus laurillardi from other species of Mystriosaurus by
these characters: (i) moderate rostrum; (ii) in the middle
of the palate there is a penetrated, rim-shaped strip that is
transversely intersected anterior to the palatal fenestrae;
(iii) palatal fenestrae almost circular and much smaller; and
(iv) an upper jaw dental formula of: 4 +29 =33 | 4 + 28 =32,
of which the last 67 are placed on top of the jaw.

In addition, Wagner (1850) provided these characters
for M. laurillardi: (i) a cylindrical (“walzig”) rostrum; and
(i1) alveolar edges at the same level with the palate. These
characters, and in particular those listed by Kaup in Bronn
and Kaup (1841), have been discussed in depth by Westphal
(1962). The palatal fenestrae which Kaup in Bronn and Kaup
(1841) named are in fact artefacts which probably result from
an improper preparation. In addition, the rim-shaped strip

in the middle of the palate likewise is an artefact. Westphal
(1962) also noticed some peculiar features, such as the
strongly ventrally deflected anterior ends of the premaxillae,
that he considered as the most extreme case in S. bollensis
(note that Westphal [1962] referred to Mystriosaurus as S.
bollensis). Moreover, Westphal (1962) also considered the
largest mediolateral width compared to the smallest medi-
olateral width of the premaxillae to be unique. Nonetheless,
Westphal (1962) concluded that M. laurillardi is indistin-
guishable from a large individual of S. bollensis, and thus
needed to be referred to that particular taxon.

Mystriosaurus laurillardi (HLMD V946-948 and
NHMUK PV OR 14781) shares the following combina-
tion of characteristics with various other taxa: (i) mesoro-
strine skull (shared with the Chinese teleosauroid, IVPP V
10098; S. edwardsi, NHMUK PV R 2865, PETMG R178;
and Machimosaurini); (ii) large and numerous foramina
across the premaxillae, maxillae and dentaries (shared with
Machimosaurini; e.g., Johnson et al. 2019); (iii) external na-
res oriented anteriorly (P. multiscrobiculatus, SMNS 9930;
B. megarhinus, NHMUK PV OR 43086, unnumbered LPP
specimen; 7. cadomensis, Eudes-Deslongchamps 1867—
1869; M. nasutus, CAMSM J.1420; and the Chinese teleo-
sauroid, IVPP V 10098; all have the external nares oriented
anterodorsally); (iv) anterior and anterolateral premaxillary
margins are orientated anteroventrally and extend ventrally
(shared with P. multiscrobiculatus, SMNS 9930; B. megar-
hinus, NHMUK PV OR 43086, unnumbered LPP speci-
men; 7. cadomensis, Eudes-Deslongchamps 1867-1869; M.
nasutus, CAMSM J.1420; and the Chinese teleosauroid,
IVPP V 10098); (v) circular orbits (shared with M. nasu-
tus, NHMUK PV R 2167; T. cadomensis, MNHN.F AC
8746; and Machimosaurini); (vi) four premaxillary alveoli
(thalattosuchian symplesiomorphy); and (vii) 29-30 den-
tary alveoli (shared with S. bollensis, GPIT-RE-9425; S. ed-
wardsi, NHMUK PV R 3701; and L. obtusidens, NHMUK
PV R 3168).

However, it is interesting to note that, in our phyloge-
netic analyses, when HLMD V946-948 and NHMUK PV
OR 14781 are treated as two separate OTUs, Mystriosaurus
is found to be more closely related to the Chinese teleosau-
roid (IVPP V 10098; Fig. 5B) than any taxa from Europe.

As discussed above, M. laurillardi has previously been
considered to be a subjective junior synonym of S. bollensis.
However, multiple characters differentiate the two taxa: (i)
M. laurillardi (NHMUK PV OR 14781) has a heavily orna-
mented and rugose skull, whereas the skulls of S. bollensis
(e.g., MMG BwlJ 565, RE 551.762.130 A 0248; SOM: fig.
S2; SMNS 18672, SMNS 51563, SMNS 51753; Westphal
1962) are much less ornamented/rugose with shallower or-
namentation (especially on the premaxillae, prefrontals and
lacrimals, with little-to-none in the nasals and jugals; SOM:
fig. S3); (i1) M. laurillardi (HLMD V946-948, NHMUK PV
OR 14781) has two parallel lines of large, circular foramina
across the maxillae, as well as a clustering of foramina
around the anterior and lateral margins of the external na-
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Fig. 6. Photograph of teleosauroid thalattosuchian specimen (UH 7), lower Toracian of Holzmaden (southwestern Germany), which was described by
Mueller-Towe (20006) as “Steneosaurus” brevior Blake, 1876, and which we herein refer to tentatively as ?Mystriosaurus sp.

res. In S. bollensis (e.g., MMG BwlJ 565, PMU R161, SMNS
51563), there is no clustering of the foramina (which are
small), and only one line of foramina across the maxillae
(SOM: fig. S4); (iii) M. laurillardi (NHMUK PV OR 14781)
is mesorostrine with a mediolaterally broader rostrum,
whereas S. bollensis (e.g., GPIT-RE-9427, MMG BwlJ 565,
SMNS 51753) is generally longirostrine with a more slender
rostrum. The rostral length of M. laurillardi is approxi-
mately 66%, whereas S. bollensis specimens of equal size
(e.g., GPIT-RE-9427) are 74-75%. However, it is important
to note that M. laurillardi, NHMUK PV OR 14781, has a
rostral length of approximately 580 mm (from the anterior
premaxillae to the anterior rim of the orbits), whereas S.
bollensis ranges between 391-902 mm; (iv) the external
nares in M. laurillardi (HLMD V946-948, NHMUK PV
OR 14781) are oriented anteriorly, whereas the external na-
res in S. bollensis (e.g., GPT-RE-9427, MMG BwlJ 565, RE
551.762.130 A 0248) are oriented dorsally (Fig. 3; SOM: figs.
S1, S2); (v) in M. laurillardi (HLMD V946-948, NHMUK
PV OR 14781), the anterior and anterolateral premaxillary
margins are orientated anteroventrally and extend ventrally
(SOM: fig. S4A, B). In S. bollensis (e.g., SMNS 18672, RE
551.762.130 A 0248, SMNS 80235), the anterior and antero-
lateral premaxillary margins are not sub-vertical nor extend
ventrally (SOM: fig. S4E); (vi) the supratemporal fenestrae
in M. laurillardi (NHMUK PV OR 14781) are sub-rectangu-
lar in shape. In S. bollensis (e.g., MMG BwlJ 565, PMU R161,
SMNS 18672) the supratemporal fenestrae are more antero-
posteriorly elongated than in Mystriosaurus (SOM: fig. S5);
(vii) the anterolateral margins of the supratemporal fos-
sae are inclined anterolaterally in M. laurillardi NHMUK
PV OR 14781), whereas S. bollensis (e.g., MMG BwlJ 565,
RE 551.762.130 A 0248, SMNS 51753) lacks this inclina-
tion (SOM: fig. S5); (viii) in dorsal view, the supratemporal

arch seen in M. laurillardi (NHMUK PV OR 14781) is
nearly straight (vertical), whereas in S. bollensis (e.g., RE
551.762.130 A 0248, SMNS 51563) it is noticeably more
convex (SOM: figs. S2, S5); (ix) the orbits of M. laurillardi
(NHMUK PV OR 14781) are circular in shape, whereas in S.
bollensis (e.g., RE 551.762.130 A 0248, SMNS 51753, SMNS
18672) they are more elongate and anteroposteriorly ellip-
soid (SOM: figs. S3, S5A, B); (x) in M. laurillardi NHMUK
PV OR 14781), the postorbital reaches the orbital postero-
ventral margin and extensively forms part of the orbital
ventral margin. In S. bollensis (e.g., RE 551.762.130 A 0248,
SMNS 51753), the postorbital is excluded from the postero-
ventral margin of the orbit; (xi) in M. laurillardi (NHMUK
PV OR 14781), the angular is very slightly curved (nearly
horizontal), whereas in S. bollensis (e.g., SMNS 18672) is
it subtly and gently posterodorsally curved (SOM: figs. SI,
S5); (xii) in M. laurillardi (NHMUK PV OR 14781), the
mandibular symphysis measures less than half, but >0.33 of
the total mandible length (between 0.3 and 0.45). In S. bol-
lensis (SMNS 53422), the mandibular symphysis is just un-
der half of the mandible length (between 0.45 and 0.5); (xiii)
the external mandibular fenestrae are poorly elliptical in M.
laurillardi (NHMUK PV OR 14781), whereas in S. bollensis
(e.g., SMNS 51563, SMNS 51957) they are highly elliptical
(SOM: figs. S1B, C, S5C, D); (xiv) in M. laurillardi (HLMD
V946-948, NHMUK PV OR 14781), the maxillary teeth are
subtly procumbent, whereas in S. bollensis (SMNS 53422,
SMNS 51563) they are noticeably procumbent. However,
the utility of this character is only present in specimens
that have experienced little-to-no post-mortem crushing or
shearing.

In addition, we note slight differences between NHMUK
PV OR 14781 and HLMD V946-948: (i) the maxillary an-
terior alveoli shape is noticeably sub-oval in NHMUK PV
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R 14781, as opposed to slightly more oval in HLMD V 946-
948; (i1) the interalveolar spacing between the D2—D3 is lon-
ger than the interalveolar spacing between the D1 and D2 in
HLMD V946-948; (iii) the anterior maxillary tooth crown
tip is slightly less pointed than those seen in NHMUK PV
OR 14781; and (iv) the nasals are more heavily ornamented
in NHMUK PV OR 14781. However, we currently do not
consider these differences to be sufficient to establish two
Mystriosaurus species, especially as the range of intraspe-
cific variability, ontogenetic variation and sexual dimor-
phism is not known for this genus. Moreover, the skull roof
is not well preserved in HLMD V946-948, thus the flatter
and less ornamented nasal (compared to NHMUK PV OR
14781) could be a preservational artefact.

In addition, Mueller-Téwe (2006) assigned another
complete yet slightly distorted skull, along with several
associate vertebrae, from the Toarcian Posidonienschiefer
Formation of Holzmaden (Germany) to “Steneosaurus”
brevior (Fig. 6). This specimen (UH 7), which was de-
scribed by Mueller-Téwe (2006), shares several characters
with Mystriosaurus laurillardi. These include a robust skull
with a mesorostrine snout, frontals that are ornamented by
pits that fuse and expand into elongate grooves, subcircular
shaped and dorsolaterally placed orbits, and large antorbital
fenestrae. In addition, the anterior margin of the right supra-
temporal fenestra is placed more lateral than the lateral edge
of the corresponding orbit. However, due to the distortion
several key characters of Mystriosaurus remain unclear.
This includes in particular the ventrally protruding anterior
premaxillary portions and the anteriorly oriented external
nares. Therefore, we tentatively identify this specimen as
?Mystriosaurus sp.

Conclusions

The presented combination of characters clearly demon-
strates that Mystriosaurus is a distinct and valid genus.
Recognition of this taxon, and its presence in England
and Germany, furthers our understanding of European te-
leosauroid biodiversity during the Toarcian. From lower
Toarcian deposits of England, Luxembourg, and Germany,
a diverse array of teleosauroids have been recovered: the
lateral-orbited and small-bodied longirostrine species
Steneosaurus gracilirostris; the large-bodied longirostrine
form Steneosaurus bollensis; the mesorostrine and robust
toothed taxon Mystriosaurus laurillardi, and the heavily
armoured and longirostrine Platysuchus multiscrobicula-
tus (Westphal 1962; Johnson et al. 2018; Young and Steel
in press). Although these taxa are found in many of the
same formations, their geographical distributions need to be
re-examined based on our developing understanding of their
comparative anatomies. Nevertheless, our re-description of
Mystriosaurus further highlights that teleosauroids had al-
ready achieved ecological diversity through niche partition-
ing, and large body-size by the early Toarcian.
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