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The Guimarota beds (Kimmeridgian, Portugal) constitute one of the richest microvertebrate assemblages for the Upper
Jurassic, which include a diverse fauna of small reptiles. Among others, was described a new species of a small cho-
ristodere, “Cteniogenys reedi”. The genus, also known from the Morrison Formation (Upper Jurassic, USA) and the
Kirtlington Mammal Bed (Middle Jurassic, UK), constitutes one of the oldest and most basal forms of this aquatic
reptile lineage considered to be ecologically similar to crocodylomorphs. However, later works considered this spe-
cies to be a junior synonym, and challenged the assignment of some of this material, ascribing them to the aquatic
stem-lepidosaur Marmoretta. Here, we provided a revision of the published material from the Guimarota beds assigned
to Cteniogenys, together with unreported and mislabelled specimens. We confirmed that the Portuguese specimens are
probably non-conspecific with the taxa described in the Upper Jurassic of North America and in the Middle Jurassic of
England. Unfortunately, the lack of diagnostic features from the only valid species prevented to confirm the original
description as a distinct new species. Therefore, we only referred it to Cteniogenys aff. C. antiquus. We further supported
the presence of Marmoretta in the Upper Jurassic of Portugal, and erected a new species, Marmoretta drescherae. Those
occurrences support original palacoenvironmental interpretations of the Guimarota beds as a wetland, probably close
to mangrove-like, with important freshwater inputs. The presence of Creniogenys in Portugal further supports faunal
interchanges between North America, Europe, and potentially Northwestern Africa during the Jurassic/Cretaceous tran-
sition, if later occurrences are to be confirmed. The presence of Marmoretta also extend the temporal range of this relict
reptile lineage at a time where squamates were radiating. However, its absence in other contemporary Jurassic localities,
notably in the Lourinha and Morrison formations, could hint towards ecological differences between those assemblages.
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Introduction

The Guimarota beds are one of the richest vertebrate mi-
crofossil assemblages for the Upper Jurassic, yielding thou-
sands remains from various groups of vertebrates (Martin
and Krebs 2000), including a vast diversity of “lizards”,
despite only a few works focusing on them (Seiffert 1973;
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Broschinski 2000). Among them, a choristodere has been
described and a putative stem-lepidosaur has been reported
(Seiffert 1973; Evans 1989, 1991a).

The Choristodera Cope, 1884, are an extinct group of
enigmatic freshwater amphibious diapsids, distributed
through Laurasia (Matsumoto and Evans 2010; Matsumoto
et al. 2019; Dong et al. 2020; Matsumoto et al. 2022b),
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with putative occurrences in Gondwana (Haddoumi et al.
2016; Lasseron et al. 2020). They range from the Middle
Jurassic of UK and Kyrgyzstan to the Miocene of Europe
(Evans 1990; Evans and Klembara 2005; Averianov et al.
2006; Matsumoto et al. 2013; Panciroli et al. 2020). They
displayed various morphotypes, from brevirostrine to lon-
girostrine, and from short-necked to long-necked, with
size-range from that of small lizards to large crocodiles
(Matsumoto and Evans 2010). They can be distinguished
between Neochoristodera, the informal “allochoristoderes”,
and more primitive forms such as Cteniogenys (Matsumoto
et al. 2019; Dong et al. 2020; Dudgeon et al. 2024).

Despite being consistently recovered as monophyle-
tic, the phylogenetic position of Choristodera within Dia-
psida remains uncertain (Matsumoto and Evans 2010;
Matsumoto et al. 2019). They have been recovered as basal
Archosauromorpha (Evans 1988; Gauthier et al. 1988), as
sister group of Archosauromorpha + Lepidosauromorpha
(Evans 1988; Dilkes 1998; Ezcurra et al. 2021), as basal
diapsids (Gao and Fox 1998), within an expanded Lepido-
sauromorpha clade (Miiller 2004), constrained to the base of
either Lepidosauromorpha or Archosauromorpha (Ezcurra
2016), as basal Neodiapsida (Simdes et al. 2018), or within
Archosauromorpha (Simdes et al. 2018; Griffiths et al. 2021;
Jiang et al. 2023).

Cteniogenys was first recognized as an undetermined
reptile (Gilmore 1928), later associated with “eolacertilians”
based on the tooth implantation which was originally de-
scribed as pleurothecodont (Seiffert 1973; Estes 1983), before
being recognized as a Choristodera based on new material
from the Bathonian of England (Evans 1989). Since then,
it has been consistently described as the most basal taxon
(Gao and Fox 1998; Matsumoto and Evans 2010; Matsumoto
et al. 2013, 2019; Dong et al. 2020; Dudgeon et al. 2024)
and one of the oldest occurrences of the group (Evans 1989,
1990; Averianov et al. 2006). Cteniogenys antiquus Gilmore,
1928, is currently the only valid species, and was initially
described only by dentaries from North America.

Dentaries have been found in Europe, but could only
be referred to Cteniogenys sp., due to the lack of diagnos-
tic features differing from the C. antiguus material (Estes
1983; Evans 1989; Chure and Evans 1998). The Bathonian
Kirtlington Mammal Bed (UK) yielded a more extensive
cranial and post-cranial material, allowing a better charac-
terization of Cteniogenys (Evans 1990, 1991b). More jaw
and vertebral elements assigned to Cteniogenys sp. or re-
ferred to cf. Cteniogenys have been since reported in the
Kimmeridgian-Tithonian of North America and from the
Tithonian—Berriasian of western Europe (Chure and Evans
1998; Foster and Trujillo 2000; Foster 2001; Vullo et al. 2014;
Foster et al. 2020; Allain et al. 2022), as well as allegedly in
the Bathonian and Berriasian of Morocco (Haddoumi et al.
2016; Lasseron et al. 2020) and the Bathonian of Scotland
(Panciroli et al. 2020). More recently, scarce choristodere ma-
terial was reported from the Lourinha Formation (Guillaume
et al. 2023a), but it is pending further description.

ACTA PALAEONTOLOGICA POLONICA 70 (1), 2025

A new species, “Cteniogenys reedi”’, was described from
the Guimarota beds (Seiffert 1973), but it was later consid-
ered as a junior synonym of the type species (Estes 1983), as
the characters originally used could be included within the
range of intraspecific variation observed in the American
material (Estes 1983; Evans 1989; Chure and Evans 1998).
Furthermore, some specimens’ identification has been con-
sidered questionable (Evans 1989); while others have been
since then reattributed to the stem-lepidosaur Marmoretta
(Evans 1991a).

Occurrences of Marmoretta oxoniensis Evans, 1991b, the
only described species, are restricted to the Middle Jurassic
of England (Evans 1991a, 1992; Evans and Milner 1994;
Evans 1998a; Panciroli et al. 2020; Griffiths et al. 2021).
Additional associated cranial and postcranial material are
known in the Middle Jurassic of Scotland (Waldman and
Evans 1994; Griffiths et al. 2021). It was originally described
as a non-lepidosaurian lepidosauromorph, outside the crown-
group of Lepidosauria (Evans 1991a; Conrad 2008), and
subsequent material and analyses confirmed this original
hypothesis (Waldman and Evans 1994; Evans 2009; Evans
and Borsuk-Biatynicka 2009; Evans and Jones 2010; Jones et
al. 2013). The latest phylogenies also recovered Marmoretta
as a stem-lepidosaur (Bolet et al. 2022), and as sister-taxon
of Fraxinisaura from the Ladinian of Germany (Schoch and
Sues 2018; Griffiths et al. 2021), despite being significantly
younger than its counterpart. Other studies recovered it as
a stem-squamate within Lepidosauria, along with either
Megachirella or Huehuecuetzpalli (Simdes et al. 2018; Sobral
et al. 2020). A fragmented maxilla similar to Fraxinisaura
and Marmoretta was reported in the upper Bathonian Peski
locality (Moskvoretskaya Formation, Russia), but its preser-
vation does not permit further comparison (Skutschas et al.
2022). Although not described, the Portuguese material has
not been considered conspecific with the British specimens
(Evans 1991a; Evans and Milner 1994).

Here, we review the material from the Guimarota beds
originally attributed to Cteniogenys. We provide new de-
scriptions as well as material previously unpublished or
unreported. However, the material available does not per-
mit us to confirm the validity of the species described by
Seiffert (1973). Part of this material also confirms the pres-
ence of Marmoretta in the Guimarota beds, with new fossils
previously misidentified, unpublished, or unreported, and
provides support for a new lepidosauromorph species in the
Upper Jurassic of Portugal.

Institutional abbreviations—IPFUB, Institut fiir Paldonto-
logie, Freie Universitdt Berlin, Germany; MG, Museu Geo-
logico, Lisbon, Portugal; NMS, National Museums of Scot-
land, Edinburgh, UK.

Nomenclatural acts—This published work and the nomen-
clatural acts it contains have been registered in ZooBank, the
online registration system for the International Commission
on Zoological Nomenclature (ICZN): urn:lsid:zoobank.org:
act:127DICEC-EFEA-4CCB-984C-8E6C759C7AC9.
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Fig. 1. Geographical and geological context of the vertebrate microfossil assemblages localities from the Alcobaga Formation. A. Map of Europe
(modified from Erin Dill <fr.vecteezy.com>). B. Geological sketch of the Iberian Peninsula, showing the location of the study area (star). C. Geological
sketch of the Leiria area, showing the location of the assemblage (modified from Teixeira et al. 1966). The entrance of the Guimarota mine, together
with the outline of the pit and the approximate location of the fossil beds (blue area) are shown. Note that the fossil locality is located 30 meters
below the surface, in the Upper Jurassic formations overlain by the Cretaceous. D. Stratigraphic position of the Guimarota beds and stratigraphic log
of the Guimarota beds. General stratigraphic sketch derived from data in Teixeira et al. 1968. The colours for each stage correspond to the ones used
in the map. Detailed stratigraphic log of the Alcobaga Formation from Schudack (2000a). Abbreviations: Apt—Cen, Aptian—-Cenomanian; Kim-Tith,
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Geological setting

The Institut fiir Paldontologie, Freie Universitdt Berlin
(IPFUB) carried out two camapigns in the Guimarota
beds, one in the early 1960s and a second one through the
1970s. Thousands of microfossil remains were recovered
then (Martin and Krebs, 2000). The Guimarota beds are lo-
cated in Guimarota, a neighbourhood of Leiria over 100 km
north-east of Lisbon (Fig. 1). Since the first attempts to
determine their age, the Guimarota beds have consistently
been considered as part of the Alcobaga Formation (Ribeiro
et al. 1979; Mateus et al. 2017; Fiirsich et al. 2022), and
have been given a Kimmeridgian age based on ammonites,
charophytes, ostracods, pollens, lithostratigraphic correla-
tion, and isotopic analyses (Ribeiro et al. 1979; Leinfelder
and Wilson 1989; Schudack et al. 1998; Schudack 2000a;
Fiirsich et al. 2022). The fossiliferous series consists of two
coal seams (Fig. 1D), with intercalation of lignitic marls
occasionally rich in bivalve shells, separated by a single
5 m-thick layer of limestone (Schudack 2000b).

Due to the mining activity in Guimarota mine, the exact
stratigraphic position of the specimens is unknown (Gloy
2000; Krebs 2000). However, it is our understanding that ma-
terial here reviewed comes from specimens collected during
both expeditions, and therefore from the Alcobaca Formation
(Kimmeridgian). Based on its similarity with other brown
coals from the Eocene and its geological settings, Guimarota
has been regarded as a terrestrial to lagoonal environment
similar to modern mangroves, with occasional freshwater
influx and saltwater flooding (Gloy 2000; Martin 2000).

Material and methods

All specimens revised come from the excavations of the
Guimarota beds by IPFUB. The specimen numbers at-
tributed by IPFUB during the excavations were changed
when the specimens were returned to the Museu Geologico
of Lisbon, where they are now housed, following the agree-
ments signed at the time of the excavations. Therefore, they
are here published with their final specimen numbers from
the Museu Geoldgico. However, it must be noted that spec-
imen numbers are given to sample boxes or specimen hold-
ers, and that some boxes may yield more than one element,
sometimes dozens of fragments. Because of the quantity
of the material that represent the fossils from Guimarota,
we focus our effort on specimens that were stored with the
material described by Seiffert (1973) or mentioned in later
works (Evans 1989, 1991a). Only the specimens that could be
safely attributed either to Cteniogenys aff. Cteniogenys an-
tiquus (77 specimen numbers) or Marmoretta drescherae sp.
nov. (73 specimen numbers) are here described (see SOM:
table S1.1, Supplementary Online Material available at http://
app.pan.pl/SOM/app70-Guillaume etal SOM.pdf). Most
relevant specimens were photographed using a DinoLite
AM?7013MZT, using DinoCapture 2.0 software.

ACTA PALAEONTOLOGICA POLONICA 70 (1), 2025

Systematic palacontology

Reptilia Linnaeus, 1758

Diapsida Osborn, 1903

Choristodera Cope, 1884

Genus Cteniogenys Gilmore, 1928

Type species: Cteniogenys antiquus Gilmore, 1928, monotypic; Quar-
ry 9, Como Bluff (Wyoming, USA); Kimmeridgian (Trujillo et al.
2015).

Diagnosis—Small choristoderes that differ from other
members of the order by the following character states:
contact between premaxillae and nasals absent; orbits sig-
nificantly narrow and elongat relative to skull dimensions;
frontals subrectangular, anterior border of which retracted
slightly posterior to anterior level of orbits; dorsal process
of maxilla prominent, confined to anterior part of maxilla,
and slightly inrolled dorsally; prefrontal short, wide, having
elongate palatal process. The genus is further distinguished
from more derived neochoristoderes in having separate
postorbital and postfrontal, both entering orbital rim; quad-
rate with weakly developed quadratojugal process; marginal
teeth short, with striated crowns; tooth bases having large
replacement pits, but lacking basal plicidentine infolding
(modified from Gao and Fox 1998).

Stratigraphic and geographic range.—Kilmaluag Forma-
tion from the Isle of Skye (Bathonian), Middle Jurassic
of Scotland (Panciroli et al. 2020); Kirtlington Mammal
Bed (Bathonian), Middle Jurassic of England (Evans 1990);
Guimarota beds (Kimmeridgian) (Seiffert 1973; Evans
1990) and Lourinha Formation (Kimmeridgian—Tithonian)
(Guillaume et al. 2023a), Upper Jurassic of Portugal; Como
Bluff and others localities from Wyoming (Gilmore 1928;
Foster and Trujillo 2000), Dinosaur National Monument
in Utah (Chure and Evans 1998), and Wonderland Quarry
in South Dakota (Foster and Trujillo 2000), Morrison For-
mation (Kimmeridgian), Upper Jurassic of USA; Charisson
bonebeds (Tithonian), Upper Jurassic of France (Vullo et
al. 2014); Angeac-Charente Lagerstitte (Berriasian), Lower
Cretaceous of France (Allain et al. 2022); and Oldman
and Dinosaur Park formations (mid-Campanian), Upper
Cretaceous of Alberta, Canada (Gao and Fox 1998).

Cteniogenys aff. Cteniogenys antiquus Gilmore, 1928
Figs. 2, 3.

1973 Cteniogenys reedi; Seiffert 1973: 14, text-figs. 3—8.
1983 Cteniogenys reedi Seiffert, 1973; Estes 1983: nomen dubium.

Material—One premaxilla, MG27600; 2 maxillae, MG
27417, 27419; 8 highly fragmented specimens; 18 dentaries,
MG27605, 27609, 27627, 27628, 27638, 27646, 27652, 27653,
27662, 27664, 27666, 28761, 28826, 28831, 28843, 28882,
28901, 28914; 33 specimen holders with highly fragmented
specimens; 2 surangulars, MG28420, 28423; 5 vertebra,
MG28284, 28287, 28512, 28514, 28552; 2 humeri, MG28890,
28928; 5 ilia, MG28282, 28288-28791; block of associated
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Fig. 2. Jaws of the choristoderan diapsid Cteniogenys aff. C. antiquus Gilmore, 1928, from the Guimarota beds (Guimarota mine, Leiria; Kimmeridgian).
A. Left premaxilla MG27600, in labial (A,), lingual (A,), and ventral (A3) views. B. Right maxilla MG27417, in lateral (B;) and ventral (B,) views.
C. Right maxilla MG27419 (Seiffert 1973: Gui L. 234, fig. 4), in lingual (C,) view. D. Right dentary MG27628 (holotype, Seiffert 1973: Gui A33, fig. 3),
in lingual (D)), dorsal (D), and labial (D) views. E. Left dentary MG28514, in lingual (E,) and labial (E,) views. F. Left surangular MG27423, in medial

(F)), lateral (F,), ventral (F3), and dorsal (F;) views.

bones, MG28792, vertebra, frontal, and putative jugal and
postorbitofrontal (Evans 1991b). All from Guimarota beds
(District of Leiria); Alcobaca Formation (Kimmeridgian),
Upper Jurassic of Portugal (Seiffert 1973; Evans 1990).

Description.—Premaxilla (Fig. 2A): Only one specimen,
a left premaxilla, was identified, but the very short antero-
medial sutured border suggests it was paired in the live
animal. The border surface is rather smooth, with two small
pits (Fig. 2A,). The dorsal process indents the anterodorsal
margin of the external nares (Fig. 2A;, A,). It is antero-
posteriorly elongated, projecting strongly with an acute
posterior apex. Although posteriorly broken, it extends up
to 2.5 tooth loci (Fig. 2A3). Its smooth dorsal margin is
bevelled and diverges medially from the anterior midline

of the bone. The alveolar border displays three tooth loci
(Fig. 2A3). Locus 1 and 3 preserved the root and part of the
crown. The teeth are subcircular, subthecodont with the la-
bial wall higher than the lingual wall. Locus 2 is empty and
seems larger than the other ones. Although only three tooth
loci are preserved, the bone seems to be almost complete.
Indeed, the premaxilla displays a strong posterior suture to
articulate with the maxilla, as well as a deep, short lateral
facet (Fig. 2A,). The palatal shelf is not preserved. In lat-
eral view, the premaxilla is relatively low, without anterior
extension. Instead, it is subvertical, facing anteroventrally
(Fig. 2A,). Two anterior sensory foramina are preserved,
one dorsal and one ventral, followed posteriorly by fainter
foramina organized in line.
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Maxilla (Fig. 2B, C): Maxillary elements are mostly
fragments from the posterior ramus. The maxilla is a long,
slender bone with at least 21 teeth based on MG27419
(Fig. 2C). The dorsal process is flabellate, like a crest, with
a dorsomedial facet ornamented by striae (Fig. 2C;). The
labial surface displays heavy ornamentations similar to
the dentary (Fig. 2B;): nutritive foramina extending into
short anteroposterior striae. The anterior process is not pre-
served in MG27419, despite what was previously illustrated
(Seiffert 1973), and could not be identified among other
fragments. The bone tapers posteriorly into a long, low or-
bital process, forming a dorsoventrally compressed ramus,
as a plate (Fig. 2C,). It displays a very shallow posterodorsal
facet, which extends across the full width. The alveolar bor-
der exhibits a broad, elongated medial facet for the vomer
(Fig. 2C,), with a large gap between vomerine and palatine
facets to form the internal nares. It is associated with a large
foramen connected to a deep anteroposterior groove, pos-
terior to the dorsal process, for the opening of the superior
alveolar canal.

Dentary (Fig. 2D, E): Dentaries are by far the most com-
mon bone, although most of the specimens consist of highly
fragmented small elements of which any assessment cannot
be safely confirmed. The dentary is a long, slender, mostly
straight bone. Due to the preservation of the specimens, the
tooth row displays between 24 and 33 teeth. The symphy-
seal surface is posteriorly elongated, dorsally and ventrally
encapsulating the Meckelian canal (Fig. 2Dy, E;). Its surface
is rugose, but not ornamented. The facet for the splenial is
visible, posteriorly to the symphysis (Fig. 2E,). Its anterior
apex is acute. It participates ventrally, then medially, to the
subdental shelf, with a bevelled rim. The facet keeps the
Meckelian canal open dorsally and extends to the end of the
tooth row based on MG28914 (Fig. 2E,). The subdental ridge
is strong and robust, more marked than the ventral part of
the dentary. Its mediolateral surface is blunt anteriorly but
becomes posteriorly a horizontal shelf which separates the
coronoid facet to the ventral prearticular facet.

The Meckelian canal is open all along the dentary, al-
though the opening becomes wider towards the posterior
end of the tooth row (Fig. 2D, E;). MG28914 does not dis-
play an angular facet, but a posterior alveolar opening on the
ventral wall. The labial surface is highly ornamented with
anteroposterior short striae extending nutritive foramina in
a double line (Fig. 2Ds, E,). The teeth are conical, with an
acute apex, and subthecodont. They are striated mostly on
their lingual surface, although this is restricted to the top of
the crown. The striations are absent in MG28901, of which
teeth are more triangular with a blunt apex, but they are well
pronounced in MG28914. The teeth have a cylindric base,
with a slight anteroposterior compression. The anterior-
most teeth are slightly curved distally.

Surangular (Fig. 2F): Two elements could be identified
as surangulars, with MG27420 being still articulated with
the posterior part of a dentary. It is a robust, elongated,
subrectangular bone. The lateral surface is broad, with few
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foramina extending into short grooves in its anterior sec-
tion. In MG27423, the large articular facets have an acute
posterior apex (Fig. 2F,). The dorsal facet is obscured in
MG27420 because of the dentary, and the ventral one could
not be confirmed. The ventral margin displays a deep an-
teroposterior groove, the angular facet (Fig. 2F;). Its me-
dial flange is shorter and can be seen in medial view. The
posterior edge is acute to blunt, displaying a small process
(Fig. 2F)).

The surangular exhibits a medially extended process,
which is anteroposteriorly compressed to form a prominent
prong. This process delimits a posterior, more rugose fossa
for the articular (Fig. 2F;). Dorsally, it is connected to a
strong wide ridge forming the dorsal border of the bone
(Fig. 2F,). It participates in forming the thick, round adduc-
tor region and opens anteriorly into a deep slot with an acute
posterior apex (Fig. 2F;). Ventrally, the process extends into
a shallow ridge participating in the ventral border of the
surangular with the angular facet (Fig. 2F)). It displays an-
teriorly a triangular facet for the prearticular, which is less
marked than the dorsal slot.

Dorsal/sacral vertebra (Fig. 3A, C): MG28512 and 28552
both possess a short amphicoelous to platycoelous centrum,
with subcircular anterior and posterior articular surfaces.
The notochordal canal can be seen in MG28552 (Fig. 3C,,
Cs), suggesting it is an immature individual. Relatively
square-shaped in dorsoventral view, the centrum is wider
than long. Its dorsal surface is excavated on either side of
strong median crest (Fig. 3A;, C;). Although the excavation
is clogged by coal in MG28512, the dorsal ridge of the me-
dian crest, as well as the margin of the excavation, can be
clearly seen.

Both vertebrae display large, raised lateral articular fac-
ets. These facets are roughly triangular, with the apex pro-
jecting laterally. In MG28512, it dips lateroventrally, with
the apex more ventral than the base (Fig. 3A,). The facets
are immediately posterior to the anterior margin of the cen-
trum, being separated by a shallow groove. Neither ventral
surface exhibits a sharp, midventral keel, as they are rather
convex. However, MG28512 is smooth and broad, which
would suggest it might be more likely dorsal than sacral
(Fig. 3A3); while MG28552 is smooth, but narrower, almost
constricted (Fig. 3Cs), suggesting it might be sacral or tran-
sitional. However, the lack of material to compare with, and
the fact that MG28552 seems to be more immature, prevent
us from confirming the exact identification.

Caudal vertebra (Fig. 3B, D): Only three caudal verte-
brae could be safely identified. The morphology of MG28514
(Fig. 3B) suggests it is an anterior caudal vertebra. It dis-
plays a short amphicoelous to platycoelous centrum, relative
square-shaped in dorsal and ventral views (Fig. 3B, B;). The
opening of the notochordal canal is visible (Fig. 3By, Bs),
suggesting it is an immature specimen. The anterior and
posterior articular surfaces are subcircular. The dorsal sur-
face of the centrum is excavated on either side of a strong
median crest (Fig. 3B;); while the ventral surface displays
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Fig. 3. Axial and appendicular skeleton of the choristoderan diapsid Cteniogenys aff. C. antiquus Gilmore, 1928, from the Guimarota beds (Guimarota
mine, Leiria; Kimmeridgian). A. Dorsal vertebra MG28512, in dorsal (A), lateral (A,), ventral (Aj3), anterior (A4), and posterior (As) views. B. Anterior
caudal vertebra MG28514, in dorsal (B)), lateral (B,), ventral (Bs), anterior (B,), and posterior (Bs) views. C. Dorsal/sacral vertebra MG28552, in dorsal
(C)), lateral (C,), ventral (Cs), anterior (C,), and posterior (Cs) views. D. Mid-caudal vertebra MG28287 in anterior (D) and ventral (D,) views. E. Left

humerus MG28928, in lateral (E;) and medial (E,) views. F. Right ilium MG28289, in medial (F,) and lateral (F,) views.

a large, deep midventral groove with paired ventral flanges
(Fig. 3B;3). The morphology of MG28284 and 28287 sug-
gests they were caudal and more posterior than MG28514,
maybe mid-caudal. They share an amphicoelous to platy-
coelous subcircular centrum, slightly compressed laterally
(Fig. 3D,). They display a deep ventral groove flanked by
two lateral flanges extending anteroposteriorly (Fig. 3D,).
They are preserved with the neural arch (Fig. 3D,), but the
dorsal surface is obscured by sediments. The neural arch
exhibits a basal longitudinal thin crest. The neural spine and
the zygapophyses are not preserved.

Humerus (Fig. 3E): Two left humeri could be identified,
although they are not complete. Based on overlapping ma-
terial, the humerus displayed a broad proximal and distal
head for a slender shaft that looks dense in cross-section and
rotates around 90°. The proximal head is anteroposteriorly
flattened. It extends on the proximal ridge as a convex bar,
with a faint condyle in the middle. The ectotuberosity is well
marked on the radial border (Fig. 3E;). It is separated from
the head by a long proximodistal crest. The mediodorsal
border displays a small peg, as well as a long groove on the
dorsal surface where it joins the shaft in MG28928. The
fossa is well marked. In medial view, along the radial border
and distal to a shallow surface, a small dorsoradial rough
area can be observed (Fig. 3E,).

The distal head is mediolaterally flattened and flares
dorsoventrally, although the epicondyle is poorly developed
as no clear differentiation of articular facet can be observed.
The distal head also exhibits a deep but narrow ectepicon-
dylar groove in dorsal view. The lateral supinator region
barely extends, and is almost not separated from the rest of
the bone. There is no sign of an entepicondylar groove. Both
ventral and dorsal surfaces are smooth. The latter displays a
shallow fossa, while the former displays a fossa which has a
strong anterior rim and becomes fainter posteriorly.

Ilium (Fig. 3F): Only the ventralmost part of the ilia has
been preserved. The acetabular region, fully preserved only
in MG28289, is mediolaterally flattened. The anterior and
posterior margins flare out, making a triangular general out-
line. The ventral border is wide V-shaped, highly flattened
and obtuse, with a bulbous apex. Both ischial and pubic
articular facets are preserved, the former being hooked in
MG28289 (seemingly more mature than other specimens).
The acetabulum is subovoid to triangular, rather shallow,
no matter the size of the specimens, but with a strong rim in
MG28289 (Fig. 3F,).

The supraacetabular ridge thickens in the middle, cre-
ating a distinct boss which merges with the ridge running
along the iliac shaft; and is bordered ventrally in MG28282
by a round cavity that may yield a small foramen. The ilium
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narrows dorsally into a posteriorly curved blade, with a lat-
eral shallow ridge running along. There is no sign of a dorsal
tuberosity. The iliac shaft is mediolaterally flattened with a
sharp posterior edge and a blunter anterior edge. Its width
remains similar in all the sections, but the dorsalmost part is
not preserved. It bears a medial facet (Fig. 3E;). However, its
ventral margin can be either convex, making it like a strip,
or concave, making it circular.

Remarks.—The dentaries here described display the typical
morphology and ornamentation previously observed in the
Cteniogenys sp. material from Kirtlington in the UK (Evans
1989, 1990), as well as in the material found in the Morrison
Formation (Chure and Evans 1998; Foster and Trujillo 2000;
Foster et al. 2020) and to the type species Cteniogenys an-
tiquus (Gilmore 1928; Evans 1989), based on holotype and re-
ferred material currently housed in the Smithsonian National
Museum of Natural History and the Yale Peabody Museum
(USA; ARDG, personal observation 2022). They display the
characteristic double row of nutritive foramina extended in
striae on the labial surface, visible splenial facets tapered
anteriorly, the medially directed symphysis, the broad coni-
cal teeth with subthecodont implantation—the base of each
tooth is sitting in a shallow, rounded socket, but there is not
root—and striae restricted to the apical part of the lingual
surface of the tooth crown (Seiffert 1973; Evans 1989, 1990).

In his original work, Seiffert (1973) used the depth of the
subdental ridge and the compression of the tooth crowns to
distinguish the Guimarota taxon as C. antiqguus Gilmore,
1928. However, it was later argued that the designated ho-
lotype MG27628 (Gui A. 33 in the original publication, see
Fig. 2D) does not exhibit any significant difference in depth,
neither does it preserve any tooth crown (Estes 1983); and
being relatively small, it could belong to a juvenile (Evans
1989). Our examination of the Portuguese material, as well
as holotype and referred material of C. antiquus, confirmed
the limitation of the dentary to distinguish the species.

Nevertheless, previous work on the material from Gui-
marota and Kirtlington (Seiffert 1973; Evans 1989, 1990,
1991b) allows us identification of more elements with af-
finity between both localities, suggesting they were indeed
sharing this faunal component. Notably, Seiffert (1973)
could identify premaxillae and maxillae aside from the
dentaries, although some of the premaxillae were later re-
ferred to the lepidosauromorph Marmoretta (Evans 1991a;
Griffiths et al. 2021). Although the attribution of the maxilla
MG27419 to Cteniogenys (Gui L. 234 in the original publi-
cation, see Fig. 2C) was questioned (Evans 1989), the other
maxillae (MG27417, and other fragmentary specimens) de-
scribed in this work could confirm the original assessment
of Seiffert (1973) regarding MG27419: the maxilla displays
the characteristic prominent dorsal process, confined to the
anterior part of the maxilla, and slightly inrolled dorsally
(Evans 1989, 1990; Gao and Fox 1998).

No complete maxillae were found associated with C. an-
tiquus material in North America, and fragments were only
referred to Cteniogenys sp. (ARDG personal observation,
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2022). None seem to have preserved the flabellate dorsal
process, but the material would require a deeper revision
to confirm this statement as the isolated specimens are still
embeded in their matrix. Nevertheless, their robustness,
their ornamentation, and their tooth implantation match the
European material.

Only one premaxilla (MG27600) assignment to Ctenio-
genys could be safely confirmed, based on its differences with
other premaxillae attributed to Marmoretta and the presence
of the dorsal process observed in the Cteniogenys sp. from
Kirtlington (Evans 1990, 1991a). However, the Portuguese
material slightly differs from the English material: the dorsal
process is more acute, projecting not only further posteriorly
(2.5 tooth loci instead of 1.5) but also more posteriorly rather
than dorsally. The alveolar border from the Guimarota speci-
men is similar to the one observed in Kirtlington (Evans 1990:
fig. 5A), although it preserves only three tooth loci instead of
four and seems rather complete, suggesting it bore fewer
teeth than the Kirtlington specimen. Finally, the Kirtlington
premaxillae display a small anterior extension to the dorsal
process, that can form a small ventral sickle (Evans 1990:
fig. 5C, D); but that feature is not observed in Guimarota
specimen. The well-preserved anterior section of the bone is
instead subvertical, facing anteroventrally.

In addition to these bones, here we report for the first
time the presence of surangulars, isolated vertebrae, humeri,
and ilia. All of them display strong affinities with the material
from Kirtlington. Surangulars were never reported previ-
ously, and they were actually labelled as Albanerpetontidae
in the Guimarota collection. Albanerpetontids are an enig-
matic group of extinct lissamphibians (Fox and Naylor 1982),
but the surangulars from Guimarota do not resemble to any
bone elements known in this group (Guillaume et al. 2023b),
while their morphology is strikingly similar to the surangu-
lars from Kirtlington (Evans 1990).

The vertebrae MG28512 and 28514 were also labelled as
Albanerpetontidae. However, they display the dorsal exca-
vations in either side of the median crest that is absent in al-
banerpetontids, and albanerpetontid vertebrae are hourglass
shaped (Guillaume et al. 2023b). On the contrary, the square
overall morphology, the dorsal excavations in either side
of the median crest, the morphology of the articular facet,
and the presence of facets to articulate with the rib match
what has been described in dorsal and sacral vertebrae from
Kirtlington (Evans 1991b). MG28552 was only labelled as
Amphibia, but the square overall morphology, the dorsal ex-
cavations in either side of the median crest, the morphology
of the articular facet, and ventral groove flanked by paired
flanges also fit the description of caudal vertebrae from
Kirtlington (Evans 1991b). The vertebra MG28287 was la-
belled as “Anura? or Cteniogenys?” but was not reported by
Seiffert (1973). It closely resembles the vertebra MG28284,
labelled Cteniogenys sp., although the latter was not reported
by Seiffert (1973) either. Furthermore, MG28287 resembles
other mid-caudal vertebrae from Kirtlington (Evans 1991b),
and it is seemingly more elongated than MG28514.
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The humerus MG28890 is labelled as Cteniogenys sp.
but not mentioned by Seiffert (1973); while the humerus
MG28928 was labelled as Squamata and neither referred in
Seiffert work (1973). Regarding the ilia, only MG28289 and
28290 were labelled as Cteniogenys sp., while MG28291
was labelled as Anura, and MG28282 and 28288 as “Anura?
or Cteniogenys?”; but none was mentioned nor reported
previously. However, none of the five ilia displays the dorsal
tuberosity characteristic of anurans. Rather, their morphol-
ogy shares strong similarities with other choristoderes, es-
pecially Cteniogenys (Evans 1991b; Matsumoto et al. 2009).
Furthermore, even if the ilia from the Guimarota beds ex-
hibit different stages of preservation, they can be assigned
to the same taxon.

However, some differences can be noted between the
Portuguese and the English material, which would suggest
there were several Cteniogenys species. The surangulars
from the Guimarota beds display a small process on the
posterior edge of the ventral margin which was not re-
ported in the Kirtlington specimens (Evans 1990). Also,
the bones from Guimarota seem longer than the ones from
Kirtlington, although this could be due to a preservation
bias in the English material. The ectotuberosity in the prox-
imal head of the humerus appears relatively lower than the
one observed in Kirtlington specimens. Furthermore, the
ectotuberosity in Kirtlington is separated from the humeral
head by a groove (Evans 1991b), not a crest as observed in
Guimarota. The humeri from Kirtlington also display a
proximal roughened region (Evans 1991b), but this one is
absent in Guimarota specimens. Finally, the ectepicondylar
grove is less marked in the Portuguese specimens than in
the English ones (Evans 1991b).

Previous statements regarding the validity of the Guima-
rota species were correct (Estes 1983; Evans 1989; Chure and
Evans 1998), as the dentaries alone do not allow differenti-
ation of species from North America and Europe. A deeper
revision of the material from the type locality of C. antiquus
(Quarry 9, Como Bluff, Wyoming), as well as a more com-
plete redescription of the type species with associated mate-
rial, is needed to confirm, thus preventing us from erecting a
new species or supporting previous taxonomic claims of its
condition as a new species (Seiffert 1973). Nevertheless, our
study confirms that although they are similar, the Portuguese
and English species are different, hinting toward a higher
diversity of early choristoderes in the Jurassic.

Lepidosauromorpha Gauthier et al., 1988
Genus Marmoretta Evans, 1991a

Type species: Marmoretta oxoniensis Evans, 1991a; Old Cement Works
Quarry, Kirtlington, (Oxfordshire, England, UK); upper Bathonian.

Diagnosis—Small lepidosauromorph; large upper and
lower temporal fenestrae; premaxillae paired, each with
deep posterolateral maxillary facet; specialized maxillary/
premaxillary overlap; small posteroventral process of the
jugal; narrow fused frontals; fused parietal forming a broad

parietal table, parietal foramen absent, large midline sagittal
crest; dorsoventrally wide posterior (squamosal) process of
the postorbital that overlaps on to a broad shallow facet on
the squamosal; palatine with small teeth that decrease in
size medially from a larger row along the medial choana
margin to smaller scattered teeth on the ventral surface;
pterygoids bear three rows of teeth which radiate anteriorly;
long and slender dentary with subpleurodont teeth; coronoid
with prominent coronoid process having a smooth concave
posterior surface that emerges through the lower temporal
fenestra (from Griffiths et al. 2021).

Stratigraphic and geographic range.—Kilmaluag Fm
from the Isle of Skye (Bathonian), Middle Jurassic of
Scotland (Waldman and Evans 1994; Griffiths et al. 2021);
Kirtlington Old Cement Works and Leigh Delamere (all
Bathonian), Middle Jurassic of England, UK (Evans 1991a;
Evans and Milner 1994; Evans 1998a); and Guimarota beds
(Kimmeridgian), Upper Jurassic of Portugal (Evans 1991a).

Marmoretta drescherae sp. nov.

Figs. 4, 5.

ZooBank LSID: urn:lsid:zoobank.org:act:127D1CEC-EFEA-4CCB-
984C-8E6C759C7AC9.

Etymology: In honour of Ellen Eggert (born Drescher), the German
preparator from the IPFUB who oversaw and prepared the thousands
of specimens from the Guimarota beds. Her tremendous and priceless
work allowed and keeps allowing researchers to study one of the most
important parts of the Portuguese palacontological heritage.

Type material: Holotype: MG28841, right maxilla (Fig. 4B). Para-
types: 2 premaxillae, MG27588, 27644; 6 maxillae, MG28771, 28816,
28842, 28907, 28908, 28925; 3 dentaries, MG28785, 28794, 28910;
4 frontals, MG28740-28743.

Type locality: Guimarota mine, Leiria municipality, central Portugal.
Type horizon: Guimarota beds; Alcobaga Formation, Kimmeridgian,
Upper Jurassic.

Material —Type material and one premaxillae, MG27593;
6 maxillae, MG28751, 28757, 28798, 28815, 28887, 28888;
50 dentaries, MG27626, 27633, 27641, 27643, 27659, 27665,
27667, 28763, 28778, 28779, 28784, 28791, 28797, 28803,
28828, 28833, 28857,28874, 28905, 28942, and 30 specimen
holders and sample boxes with highly fragmented speci-
mens. All from the type locality and horizon.

Diagnosis—Small lepidosauromorph differing from
Marmoretta oxoniensis by having highly constricted mar-
gins of the maxillary facet in the paired premaxillae; a more
curved anterior rim of the dorsal process in the maxilla,
making it rise more sharply; a lacrimal facet not extending
dorsally on the dorsal process of the maxilla; maxillary
teeth without apicolingual curvature; postfrontal facets not
meeting posterodorsally in the fused frontals.

Description—Premaxilla (Fig. 4A): None of the three pre-
maxillae is complete, as the specimens from the Guimarota
beds only preserved the anterior part. The alveolar tooth
bearing plate is curved and formed by the alveolar border
and crest. The premaxilla did not bear more than five teeth.
Although none is preserved, the alveolar border suggests
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Fig. 4. Jaws of the lepidosauromorph diapsid Marmoretta drescherae sp. nov. from the Guimarota beds (Guimarota mine, Leiria; Kimmeridgian).
A. Right premaxilla MG27588, in ventral (A) and dorsal (A,) views. B. Right maxilla, holotype MG28841, in dorsal (B)), lateral (B,), ventral (Bs), and
medial views (By). C. Right dentary MG28785, in dorsal (C;), medial (C,), and lateral views (C;); the specimen is broken, but both parts could be put

together for the lateral and medial views.

they were pleurodont, being attached via the labial wall
only by the root, and were subcircular, being mesiodistally
constricted (Fig. 4A,). MG27644 does not preserve the max-
illary facet. In other specimens, the facet is located in the
posterolateral region of the premaxilla and is anteroposte-
riorly elongated, with an acute anterior apex (Fig. 4A,). It
is ventrally deep and V-shaped, with margins highly con-
stricted, making it look like a groove or a slot. In MG27588
(Fig. 4A), the facet exhibits a shallow, small anterodorsal
emargination which is not present in other specimens. The
narial process extends posteriorly from the anteromedial
part of the bone and participates in the alveolar tooth bear-
ing plate, but it is poorly preserved (Fig. 4A). None of the
specimens preserves the anterodorsal process (or nasal pro-
cess sensu Evans 1991b).

Maxilla (Fig. 4B): The maxilla is a long, slender bone,
tapered posteriorly. It is overall quite gracile, but its anterior
section appears more robust. It is mediolaterally constricted,
forming a long crest in dorsal view. The long, bulked an-
terior process is anteriorly acute with a round apex (Fig.
4B,, By). It is best preserved in MG28841 and 28908, and
partially in MG28771, 28816, 28907, and 28925; although,

based on the shape of the maxillary facets observed in the
premaxillae, it seems that no specimens fully preserved the
anterior tip. The pars dentalis anteriorly extends up to 1/3 of
the process (Fig. 4B4). MG28841 and 28908 do not display
a clear premaxillary facet, but MG28925 displays a nar-
row slot, although its medial surface is convex. The dorsal
surface of the anterior process is rather smooth, with faint
anteroposterior ridges extending to the dorsal process. The
dorsal margin itself is a thin crest (Fig. 4B,).

The tip of the dorsal process (or facial process sensu
Evans 1991b) is preserved in none of the Portuguese
specimens, as it is always dorsally broken (Fig. 4B,, By).
Therefore, the development of the apex is unknown. Only
the ventral section has been preserved in some specimens,
allowing some overlapping material for that part. The base
is rather large and its unparallel anterior and posterior edges
suggest the dorsal process was either triangular or trape-
zoidal, but not much developed. Also, it does not seem to
be medially inclined (Fig. 4B,). The anterior rim is thicker
than the posterior rim, which looks more like a crest. The
anterior rim outline is concave, being extremely marked
in MG28816, 28841, and 28842. Medially, there is a small
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foramen at the base of the dorsal process. The lacrimal facet
is not clearly marked: there is a deep medial depression pos-
terior to the dorsal process, but it is ventrally restricted and
does not extend dorsally.

The long posterodorsal jugal facet exhibits an acute ante-
rior apex on the medial surface. The margin is well marked.
It is located in the groove formed by the rim and the alveolar
shelf. The palatine facet is well preserved only in the medial
surface MG28908. It displays an anterodorsal-posteroven-
tral shallow groove with two facets on the alveolar shelf: the
dorsal facet is rather short while the ventral one is longer.
It is ventral to the posterior rim of the dorsal process and
is pierced by two foramina in its dorsal facet. The lateral
surface of the bone is rather smooth. MG28842 and 28908
display occasional nutritive foramina. Posteriorly, the mid-
line of the surface can be marked by a deep anteroposterior
grove. MG28841 exhibits a tooth row with 17 teeth but is
not complete and is missing its anterior section. Teeth are
tubular to conical, with an acute apex. They are pleurodont,
being attached only via the labial wall only by the root. No
apicolingual curvature could be observed. The enamel cov-
ers the entire crown and can be slightly apically striated on
the lingual side.

Dentary (Fig. 4C): Most of the specimens are broken,
although several preserved all the parts, making MG28794
and 28910 the only ones seemingly complete and not bro-
ken. However, the former is embedded in coal matrix, and
part of the anterior section of the latter is obscured. The
dentary is a long, slender bone, relatively gracile. It deepens
dorsoventrally in its posterior section. The labial surface
is relatively smooth, although it can be covered by small
nutritive foramina (Fig. 4Cs). They are usually aligned, re-
stricted to the anterodorsal part of the dental parapet. The
anterior symphysis is small and short, forming a subvertical
wall (Fig. 4C,). Lingually, the symphysis is divided in an
upper and a lower rim by the Meckelian canal. The symph-
yseal surface is mostly flat, either in right or left specimens,
although more rugose than the rest of the bone, and is U to
V-shaped, the apex being more or less round. Also, the den-
tary is medially curved in that part (Fig. 4C)).

The lingual surface of the dentary is divided in two parts
by the Meckelian canal: the dorsal subdental ridge and the
ventral lip (Fig. 4C,). This canal is anteriorly widely opened
at the symphysis and immediately posteriorly. Then, around
the 4™ and 5 tooth loci, the canal narrows drastically, to the
point to form a thin groove or even contacting both the sub-
dental ridges and the ventral lips, making a fold. However,
some specimens can be dorsoventrally crushed, making one
part looks like it overlaps the other. Posteriorly, the canal
reopens broadly, with an acuminate apex. It broadens pos-
teriorly up to the full height of the bone. Due to various
preservations and intraspecific variation from one speci-
men to another, it is difficult to safely determine where this
posterior opening starts, but it seems to be around seven or
eight tooth loci before the end of the tooth row.

The tooth row is supported by the alveolar border.

Posteriorly, where the Meckelian canal fully opens, it be-
comes a shelf. By the posterior end of the tooth row, it be-
comes weaker and bears a shallow facet for the coronoid
(Fig. 4C,, C,). Teeth are tubular to conical, sharply pointed,
and more apically elongated than in the maxilla. They are
pleurodont, being attached via the taller labial wall only by
the root; although, the implantation seems weak. The enamel
covers most of the crown, with the apex being striated on the
lingual surface. Based on specimens with tooth row the most
complete, there were at least 19 teeth and up to 26.

Frontal (Fig. 5): All frontal bones are fused, suggest-
ing they are all from mature individuals (Evans 1991a).
MG28740 is broken midway in two pieces, and MG28743
did not preserve the anterior part. In dorsoventral view,
their general outline is trapezoidal to subrectangular, with
the posterior border being wider than the anterior border,
especially in MG28742 (Fig. 5B). The lateral margins are
embayed for the orbits.

Despite having similar length, MG28741 is broader than
MG28742, probably due to intraspecific variation. Only
MG28740 exhibits an ornamented dorsal surface, being
sculptured by fine furrow and drumlin-shaped knobs. The
fused frontals are anteroposteriorly convex in lateral views,
being more marked in MG28742 but with upturned lat-
eral edges (medial orbital margin) stronger in MG28741
(Fig. 5A3, A4, B3, By). Unfortunately, the anterior border
is not well preserved in any specimen. MG28742 retains a
short process that could be the median process (Fig. 5B,
B,), but no anterolateral process can be seen.

In dorsal view, the anterior section of the dorsal surface
is rather flat and shallow, while the posterior section appears
more bulbous in its centre. The postfrontal facets are at the
posterolateral corners of the bone (Fig. 5A;, A4, Bs, By).
They are restricted to the lateral border, with a lenticular to
triangular outline, and face lateroventrally. The blunt ven-
tral vertex, where the anterior ridge of the facet meets the
ventral surface of the bone, can be located at the midpoint of
the facet to slightly posteriorly (MG28741, Fig. 5A;, and Ay),
or more anteriorly (MG28742, Fig. 5B, B, and MG28743,
not figured).

The ventral margin is more marked than the dorsal. The
posterior margin of the fused frontals is not well preserved,
but the postfrontal facets do not seem to meet posterodor-
sally (Fig. 5A;, A,, By, B,). The anterolateral prefrontal fac-
ets participate to the anterior section of the fused frontal
lateral edges (Fig. 5As, A4, B;, By). They are quite deep and
wide, forming a posteroventral right angle, with posterior
and ventral margins strongly marked. The ventral surface of
the fused frontals bears distinct paired anteroposterior crista
cranii (Fig. 5A;, B;), ventral extensions of the bone that act
as dorsolateral walls for the olfactory tract. They lengthen
the surface of the fused frontals’ lateral edges and participate
in the orbits. They extend anteriorly after the lateral edges,
and border the prefrontal facets ventrally. Both crista cranii
form an hourglass outline, being lateromedially restricted
at the centre of the bone. Their width is similar between all
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Fig. 5. Frontals of the lepidosauromorph diapsid Marmoretta drescherae sp. nov. from the Guimarota beds (Guimarota mine, Leiria; Kimmeridgian).
A. MG28741, in ventral (A), dorsal (A,), lateral right (A3), and lateral left (A,) views. B. MG28742, in ventral (B,), dorsal (B,), lateral right (B5), and

lateral left (B,) views.

specimens. The ventral surface of the fused frontals dis-
plays a paired depression, separated by a ridge (Fig. 5A;, B)).
The ridge can be marked, as in MG28742, or fainter, as in
MG28741 and 28743, in which the crista cranii are posteri-
orly stronger. These paired depressions might house the dor-
sal region of the brain and would indicate that both cerebral
hemispheres would be well differentiated by a sagittal sulcus
(interhemispheric fissure sensu Barrios et al. 2023).

Remarks—Thanks to the previous works on Marmoretta
from the Middle Jurassic of the British Isles (Evans 1991a;
Waldman and Evans 1994; Griffiths et al. 2021), more sub-
stantial material could be identified from the Guimarota
beds and used to confirm the presence of the genus in the
Upper Jurassic of Portugal. Indeed, all bones identified
share similarities with Marmoretta oxoniensis material
from Kirtlington and the Isle of Skye. The premaxillae are
paired and exhibited a deep posterolateral maxillary facet,
the maxilla displayed the characteristic anterior process to
articulate with the premaxilla, the frontal bones are fused

and narrow with shallow hourglass crista cranii, and the
dentaries are long and slender with subpleurodont teeth.
However, some differences suggest the material from the
Guimarota beds belongs to another species, as previously
suggested (Evans 1991a; Evans and Milner 1994). Notably,
the curvature of the anterior rim of the dorsal process in the
maxilla in Marmoretta drescherae sp. nov. is more marked
than in M. oxoniensis, where the rim rise smoothly instead
(Evans 1991a; Waldman and Evans 1994; Griffiths et al.
2021). Marmoretta drescherae sp. nov. does not exhibit a
dorsally extended lacrimal facet in the maxilla as repre-
sented in the reconstruction based on the specimens from
Kirtlington (Evans 1991b: fig. 2D); and the maxillary teeth
do not display apicolingual curvature as observed in the
specimen from the Isle of Skye (Griffiths et al. 2021).
Furthermore, the dorsal process itself is not as medially
inclined as observed in the Isle of Skye NMS G1992.47.1a,
although this has been suggested to be a postmortem de-
formation (Griffiths et al. 2021). In the premaxilla, the
characteristic maxillary facet exhibits margins more con-
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stricted than in M. oxoniensis, making the V-shaped facet
narrower and acuter. Finally, the postfrontal facets do not
meet posterodorsally as observed in the fused frontals from
Kirtlington (Evans 1991a). When the anterior ridge of the
postfrontal facets meets the ventral surface of the bone, they
form a blunt ventral vertex. This vertex can be located at
the midpoint of the facet, as observed in the specimen from
the Isle of Skye (Griffiths et al. 2021) or in MG28741; but
can also appear more anterior as in MG28742 and 28743.
Unfortunately, the position of the vertex could not be con-
firmed in frontals from Kirtlington based on figured speci-
mens, but it seems to be also located at the midpoint (Evans
1991a). It remains unclear if these different positions of the
ventral vertex represent some intraspecific variation or are
due to a preservational bias.

Stratigraphic and geographic range.—Type horizon and
locality only.

Discussion

Although the Guimarota beds are known for their incredible
diversity (Martin and Krebs 2000), and for yielding extraor-
dinarily well-preserved specimens (Jager et al. 2020), the
material used in this study relies mostly on isolated, frag-
mented bones. On top of this, very few are complete, and
even among those specimens, all are broken and were later
glued back during their preparation at IPFUB in Berlin.
Eventually, most of the specimens checked consisted of
barely identifiable jaw fragments that could not even be dis-
tinguished between Cteniogenys and Marmoretta. For this
reason, those were not included in this analysis and remain
undetermined.

Cteniogenys from the Morrison Formation (Kimmerid-
gian-Tithonian, USA) was originally referred as a potential
lizard but with uncertainty (Gilmore 1928), and later in-
cluded within the informal squamate group “Eolacertilla”
(Seiffert 1973). However, new and more complete material
from the Kirtlington Mammal Bed (Bathonian, UK) allo-
wed a better skull reconstruction, which highlighted a set
of characters specific neither to squamates nor other basal
lepidosauromorphs, but choristoderes instead, despite being
an early-branching form: (i) external nares confluent; (ii)
prefrontals elongated and meeting in the midline; (iii) pi-
neal foramen absent; (iv) coarse striated dermal bones and
complex skull sutures; (v) preorbital skull elongated; (vi)
skull dorsoventrally flattened with inrolled maxilla; (vii)
skull akinetic, braincase and quadrate firmly attached to the
dermatocranium; (viii) diapsid, upper and lower temporal
bars complete; (ix) lacrimal small, meets both maxilla and
palatine; (x) postorbital large, meets jugal and ectopterygoid
ventrally; (xi) vomer meets maxilla laterally, displacing the
choana posteriorly; (xii) vomer, palatine and pterygoid sepa-
rated by a small palatal foramen; (xiii) pterygoid with broad
tooth battery in adult and teeth on the pterygoid flange; (xiv)

ectopterygoid broadly overlaps pterygoid; (xv) basiptery-
goid processes reduced, sphenoid sutured to pterygoid; (xvi)
hemispherical occipital condyle; (xvii) paroccipital process
of opisthotic sutured to pterygoid flange of quadrate; (xviii)
pterygoid and opisthotic facets separated by a third facet,
probably for a neomorph; (xix) dentary elongate with double
row of lateral foramina; (xx) dentary symphysis medial and
elongated in mature specimens; (xxi) implantation subthe-
codont; and (xxii) coronoid long and low (Evans 1989). If the
position of Choristedera within Diapsida remains uncertain,
more recent findings confirmed the position of Cteniogenys
as a basal member of this group (Matsumoto et al. 2019;
Dong et al. 2020; Dudgeon et al. 2024). Furthermore, the
Guimarota material shared clear affinity with the one from
the Middle Jurassic of England and the Upper Jurassic of
the US, more than any other reptiles known from the Upper
Jurassic of Portugal and the Guimarota beds. No evidence
was found that could challenge the original assignment of
the specimens to Cteniogenys, nor that the genus could not
be a choristodere.

As for Marmoretta, most of the material here described
was previously mislabelled or misidentified. Evans (1991a)
was the first to report that some of the specimens (see be-
low) described by Seiffert (1973) as Cteniogenys should
actually be referred as Marmoretta (Evans 1991a), but no
further work on these specimens was done. Apart from
Guimarota, Marmoretta is only known from the Middle
Jurassic of England and Scotland, and was originally iden-
tified as a stem-lepidosaur (Evans 1991a; Griffiths et al.
2021). However, this has been challenged more recently
(Simdes et al. 2018; Sobral et al. 2020) and no consensus
on the position of Marmoretta within Lepidosauromorpha
has been reached yet. Marmoretta shares with lepidosauro-
morphs: (i) a reduced lacrimal; (ii) pleurodont implantation
of maxillary and dentary dentitions; (iii) an anterior end of
the dentaries split by the Meckelian canal; (iv) a quadrato-
jugal foramen; and (v) an hourglass-shaped frontal (Schoch
and Sues 2018; Simodes et al. 2018; Griffiths et al. 2021).
Furthermore, Marmoretta shares with several crown-lepi-
dosaurs frontal bones fused to each other, but this feature
is known to have appeared independently in other lepido-
sauromorphs (Schoch and Sues 2018) and repeatedly within
lepidosaurs (Evans 1991a; Gauthier et al. 2012; Simoes et
al. 2018). However, Marmoretta lacks characters found in
the crown-group lepidosaurs: (i) the presences of subolfac-
tory processes of the frontals; and (ii) the lateral conch of
the quadrate (Schoch and Sues 2018; Griffiths et al. 2021).
Marmoretta further differs from squamates by not shar-
ing most of their synapomorphies (Gauthier et al. 2012;
Whiteside et al. 2022) and by having: (i) a quadratojugal;
(i1) a lateral process of ectopterygoid; (iii) an anteroven-
tral process of squamosal; (iv) a ventral exposure of the
Vidian canal; and (v) lacking a notch for the squamosal
on the cephalic head of the quadrate (Simdes et al. 2018;
Griffiths et al. 2021). Marmoretta further differs from
rhynchocephalians by: (i) the absence of frontal tabs on
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the parietal; (i) presence of a splenial; (iii) absence of a
notochordal canal in adults; and (iv) a closed Vidian canal
absent (Gauthier et al. 2012; Simdes et al. 2018; Griffiths et
al. 2021). Unfortunately, the specimens here described are
too fragmentary and isolated to help in solving this contro-
versy. Nevertheless, they clearly differ from all other reptile
material known in the Guimarota beds, while presenting
several affinities with the material from the Middle Jurassic
of England. Therefore, we have found no evidence contra-
dicting the original claim of Evans (1991a) to refer these
specimens to Marmoretta and as a stem-lepidosaur reptile.

Reassigning specimens to Marmoretta.—Previous to this
work, the only mention of Marmoretta from the Guimarota
beds referred MG27644, originally described as “Ctenio-
genys reedi” sensu Seiffert 1973 (Seiffert 1973: fig. 5, Gui.
345), as a misidentified premaxilla (Evans 1991a). The revi-
sion of the material now stored in the Museu Geoldgico
of Lisbon allowed us to identify at least 73 specimens and
describe them as a new species.

Of the 73 specimens here described (see SOM: table
S1.1), only 27 were formerly identified as Cteniogenys, and
two more to Choristodera (MG28764 and 28785) in previous
identifications in the MG catalogue; although Cteniogenys
was the only choristodere species reported in the Guimarota
beds. This concerns the three premaxillae, three maxillae,
and 23 dentaries. As previously stated, the premaxillae of
Marmoretta can be differentiated from Cteniogenys by the
presence of the posterolateral maxillary facet and the ab-
sence of the small dorsal process indenting the anterior mar-
gin (Evans 1990, 1991a).

Dentary fragments can be hard to differentiate due to
the similarities between both taxa, explaining the original
misidentification by Seiffert (1973). However, the tooth im-
plantation is subtly different between them: Marmoretta has
a weak subpleurodont implantation (Evans 1991a; Griffiths
et al. 2021), while it is rather subthecodont in Cteniogenys
(Evans 1989, 1990). The enamel covers all the teeth in
Marmoretta, while only the tip of the crown in Cteniogenys,
and is strongly apically striated lingually in the latter, while
the striae are smoother in the former (Evans 1990, 1991a;
Griffiths et al. 2021). Both dentaries display an opened
Meckelian canal, but in Marmoretta it is less open in the
anterior section, and less regular (Evans 1991a; Griffiths
et al. 2021). Another difference in the dentaries concerns
the labial ornamentation, that is much more marked among
Cteniogenys specimens (Evans 1990). Finally, when com-
plete in mature specimens, the dentaries in Marmoretta
drescherae sp. nov. are much shorter and less robust than
the dentaries observed in Cteniogenys aff. C. antiquus from
the Guimarota beds.

Similarly, maxillary fragments can be hard to differenti-
ate between both taxa due to their similarities. Nevertheless,
the tooth implantation and enamel also differ in the maxillae
(Evans 1990, 1991a). The deep posterior groove observed
in Marmoretta could not be confirmed in Cteniogenys aff.
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C. antiquus from the Guimarota beds. They also differ by
the labial surface texture, the maxillae in Cteniogenys dis-
playing similar ornamentation to the dentary, while they are
rather smooth in Marmoretta (Evans 1990, 1991a; Griffiths
et al. 2021). The main difference in complete specimens re-
gards the long anterior process, absent in Cteniogenys, and
the flabellate dorsal process, which is rather triangular or
trapezoidal in Marmoretta (Evans 1990, 1991a).

It is worth noting that the four fused frontals were all
identified as “Anura” but labelled as albanerpetontid fron-
tals, while they clearly do not display the characteristic bell-
shaped outline and the flabellate, bulbous internasal process
observed and described in the other albanerpetontid material
from Guimarota (Wiechmann 2003; Guillaume et al. 2022).
Furthermore, these frontals differ from any frontal morphol-
ogy currently known in albanerpetontids (Gardner 2002;
Carrano et al. 2022; Guillaume et al. 2022), or usually ob-
served in frogs. Instead, by being fused with lateral margins
embayed for the orbits, anteroposteriorly convex, and exhib-
iting two marked ventral crista cranii, they strongly resemble
the ones described in M. oxoniensisi (Evans 1991a; Griffiths
et al. 2021). Two more maxillac (MG28751 and 28757) were
also identified as albanerpetontid; but, here again, they are
completely different to equivalent material known and de-
scribed from the Guimarota beds (Guillaume et al. 2023b).

Three dentaries (MG28811, 28812, and 28861) were pre-
viously assigned to undetermined Reptilia, but they share
the characteristics described above. One dentary was re-
ferred to “thecodont” (MG28854), but its anatomy more
closely matches the one observed in the other Marmoretta
drescherae sp. nov. dentaries, rather than other potential
thecodont jaw-bearer known from the Guimarota assem-
blage (crocodylomorphs, dinosaurs, mammals). The re-
maining 34 specimens (8 maxillae and 26 dentaries) were
assigned to Squamata, but their morphology fits better the
one described for Marmoretta drescherae sp. nov. than
in any other squamate species described from the diverse
Guimarota assemblage (Seiffert 1973; Broschinski 2000).
We acknowledge that Seiffert and subsequent researchers
possibly identified these bones as different from other rep-
tiles in the Guimarota assemblage but were not able to iden-
tify them properly.

Nevertheless, this work mostly focused on some cranial
bones from Marmoretta and Cteniogenys, while Guimarota
yields thousands of small diapsid fossils (Martin and Krebs
2000). Previous works already highlighted the significant
Jurassic diversity for this group (Seiffert 1973; Broschinski
2000; Caldwell et al. 2015), but most of the remains are still
unidentified or assigned only to higher taxonomic ranks.
As exemplified by this work, it would not be surprising that
more elements could be assigned to either Cteniogenys aff.
C. antiquus, Marmoretta drescherae sp. nov., or another
diapsid taxon with a deeper revision of the material.

Palaeobiogeographical implications.—During the Late
Jurassic, the Iberian Plate was one of the largest islands
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of the European archipelago system, surrounded by warm,
shallow epicontinental seas, with several transgressive/
regressive transitions (Moore et al. 1992; Martinius and
Gowland 2011; Myers et al. 2012). At the cross-road between
the Tethys and the proto-Atlantic oceans, the Iberian Plate
was both connected to North America (Dercourt et al. 2000;
Scotese 2014; Brikiatis 2016) and close to the northwestern
African shore (Gheerbrant and Rage 2006; Haddoumi et
al. 2016). Potential continental bridges in the Late Jurassic
could allow faunal interchanges with North America (Evans
1998b, 2003; Mateus 2006; Tennant et al. 2017; Lasseron
et al. 2020; Allain et al. 2022). Meanwhile, the Tethys
was rather a permeable barrier (Goodwin et al. 1999), and
therefore could allow dispersal events between Laurasia
and Gondwana through ephemeral land connections during
the Jurassic/Cretaceous transition (Haddoumi et al. 2016;
Lasseron et al. 2020; Allain et al. 2022).

As a primitive choristodere, Cteniogenys ranges from the
Bathonian of UK (Evans 1989, 1990, 1991b) to the Berriasian
of France (Allain et al. 2022), with occurrences in the Upper
Jurassic (Kimmeridgian) Morrison Formation in North
America (Gilmore 1928; Chure and Evans 1998; Foster and
Trujillo 2000; Carrano and Velez-Juarbe 2006; Foster et al.
2020), the Upper Jurassic Alcobaca and Lourinhd forma-
tions (Seiffert 1973; Guillaume et al. 2023a), both dated from
the Kimmeridgian-Tithonian, and the Tithonian of France
(Vullo et al. 2014). More material has been attributed to
the genus in the Upper Cretaceous of Alberta (Gao and Fox
1998), depsite the important chronological gap with Jurassic
species. Notably, the bones used for this identification are
extremely fragmented (ARDG personal observation, 2023),
and have since been regarded as not sufficiently diagnos-
tic to reach this identification and might represent another
genus (Gao and Brinkman 2005; Matsumoto et al. 2009;
Matsumoto and Evans 2010). The material is now considered
as an undetermined choristodere (Matsumoto et al. 2009).

The fossil record of Cteniogenys further supports faunal
interchanges between Europe and North America during
the final stages of the Late Jurassic, where the Iberian Plate
could have played a connecting role between both realms.
Furthermore, fragmentated material from the Bathonian and
the Berriasian of Morrocco was attributed to Choristodera,
but the authors highlighted similarities with Cteniogenys
(Haddoumi et al. 2016; Lasseron et al. 2020). If this iden-
tification is confirmed, it would extend considerably the
geographic range of the genus. Furthermore, it would sup-
port the hypothesis for faunal interchanges between north-
western Africa, North America, and Europe via the Iberian
Plate during the Jurassic/Cretaceous transition, as suggested
by other small vertebrate groups such as albanerpetontids
(although absent in North America), discoglossids, spheno-
donts, scincomorph and anguimorph squamates, and doco-
dont and dryolestid mammals (Evans 1993, 2003; Evans and
Milner 1994; Broschinski 1999; Carrano and Velez-Juarbe
2006; Ortega 2009; Gardner and DeMar 2013; Foster et al.
2020; Lasseron et al. 2020; Guillaume et al. 2023a).

While choristoderes were emerging and dispersing in the
Late Jurassic, “lizards” were going through major changes.
Based on their fossil record and molecular clock analyses, lep-
idosauromorph diapsids emerged in the Permian or the Early
Triassic (Evans 1993, 2003; Evans and Jones 2010; Jones et al.
2013; Simdes et al. 2018; Sobral et al. 2020), before that lep-
idosaurs diversified into squamates and rhynchocephalians
during the Triassic (Evans and Jones 2010; Bolet et al. 2022;
Herrera-Flores et al. 2022). The latter remained dominant
and more abundant in the fossil assemblages through all the
Triassic and the Middle Jurassic before declining in the Early
Cretaceous, while the former started radiating in the Middle
to Late Jurassic (Estes 1983; Evans 1993, 1998b, 2003; Conrad
2008; Evans and Jones 2010; Gauthier et al. 2012; Caldwell et
al. 2015; Simdes et al. 2018; Bolet et al. 2022; Brownstein et
al. 2022; Herrera-Flores et al. 2022).

Although Early Cretaceous assemblages may yield
some archaic forms (Evans 1998b), most stem-lepidosaurs
seem to have become extinct in the Triassic (Evans 2003;
Gauthier et al. 2012; Schoch and Sues 2018; Simdes et al.
2018; Sobral et al. 2020; Bolet et al. 2022). If recent analyses
placing M. oxoniensis as a stem-lepidosaur are confirmed
(Griffiths et al. 2021; Bolet et al. 2022), the new material
would extend the temporal range of this relict lineage up
to the Kimmeridgian. Nevertheless, its absence from the
coeval Lourinhd Formation (Guillaume et al. 2023a), but
also from other vertebrate assemblages in North America
or Africa (Aberhan et al. 2002; Carrano and Velez-Juarbe
2006; Lasseron et al. 2020), would support a European en-
demism of stem-lepidosaurs by the end of the Late Jurassic
during their final decline.

Palaeoecology of Cteniogenys and Marmoretta—The struc-
ture of the skull in Cteniogenys and its postcranial skeleton
display anatomical features usually associated with aquatic
reptiles (Evans 1991b), and younger choristoderes could be
associated to an aquatic to subaquatic lifestyle in freshwater
environments (Matsumoto and Evans 2010; Matsumoto et
al. 2022a; Wang et al. 2023). Both cranial and postcranial
morphologies of Marmoretta reflect as well adaptions for
an aquatic to amphibious lifestyle, or a burrowing one, to
avoid competition with more terrestrial “lizards” that were
rising in the Middle Jurassic (Evans 1991a; Evans and Milner
1994; Waldman and Evans 1994). The weaker tooth implanta-
tion compared to Cteniogenys would suggest a different diet
(Evans 1991a), although the Marmoretta skull suggests that
it could display comparatively strong bit-force for a small di-
apsid (Evans 1991a; King 1996; Pritchard et al. 2018; Griffiths
et al. 2021).

The Morrison Formation’s Quarry 9, from where C. anti-
quus was first described, has been interpreted as a low-
energy depositional environment, such as a pond or oxbow
lake (Carrano and Velez-Juarbe 2006), which fits the palaco-
environment of one locality of the Lourinha Formation where
new putative material has been reported (Guillaume et al.
2023a). More generally, Cteniogenys material is mostly con-
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centrated into the northern and eastern parts of the Morrison
Fm (Foster and Trujillo 2000), as other semi-aquatic animals
with similar pattern such as crocodylomorphs, turtles, or the
mammaliamorph Docodont (Foster et al. 2006; Foster and
McMullen 2017); areas considered to have more abundant
surface water (Turner and Peterson 2004). Meanwhile, the
Kirtlington Mammal Bed has been interpreted as a shallow
swampy coastal region with lagoons and freshwater lakes,
similar to modern-days Everglades in Florida, dominated by
aquatic and amphibious taxa (McKerrow et al. 1969; Freeman
1976, 1979; Sellwood 1978; Palmer 1979; Evans 1991a, b),
which fits the interpretations for other localities in the Lou-
rinhd Formation (Guillaume et al. 2023a), but also with a
mangrove-like environment in which the Guimarota assem-
blage is thought to have deposited (Gloy 2000; Martin 2000).

The presence of Cteniogenys and Marmoretta mate-
rial in the Guimarota beds and Kirtlington Mammal Bed
support an important freshwater component in both eco-
systems. However, the absence of Marmoretta remains
in other Portuguese and North American localities where
Cteniogenys remains have been reported (Carrano and
Velez-Juarbe 2006; Guillaume et al. 2023a) could hint at true
ecological differences between Guimarota beds/Kirtlington
Mammal Bed and localities from the coeval Morrison and
Lourinha formations.

Furthermore, choristoderes seem to be less diverse and
rarer in environments where crocodiles thrive (Matsumoto
and Evans 2010), to which they are often considered as
eco-analogues (Fox 1968; Erickson 1987; Evans and Hecht
1993; Matsumoto and Evans 2010; Matsumoto et al. 2022a).
Such partitioning could be explained by climatic, deposi-
tional, and other abiotic factors; but it has also been sug-
gested it could be the result of some preferences or competi-
tion for ecological niches between choristoderes and aquatic
crocodiles and other freshwater animals of similar size
(Matsumoto and Evans 2010). In the Morrison Formation,
localities that produced Cteniogenys material also produced
more abundant semi-aquatic crocodylomorph material, cho-
ristoderes remaining relatively scarce (Foster and Trujillo
2000; Foster and McMullen 2017). Moreover, until further
revision of the North American material, choristodere and
Cteniogenys are known by only one species; while semi-
aquatic crocodylomorphs are represented by at least six spe-
cies, but mostly goniopholids (Carrano and Velez-Juarbe
2006; Foster and McMullen 2017; Foster et al. 2020).

This pattern is congruent with the faunal composition of
the Guimarota assemblage, in which crocodylomorphs are
extremely diverse and common (Schwarz 2002; Schwarz
and Fechner 2004, 2008; Schwarz and Salisbury 2005;
Schwarz et al. 2017; Guillaume et al. 2020), whereas choris-
todere material is much rarer. Indeed, because of its small
size, reconstructions suggest a total length of 30 cm (Evans
1991b), Cteniogenys was unlikely competing with the giant
marine predator Machimosaurus; nor with generalist feed-
ers, such as goniopholids, and other macrocarnivorous ter-
restrial crocodylomorphs known from the Guimarota beds
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and the Lourinhad Formation (Schwarz 2002; Guillaume et
al. 2020; Puértolas-Pascual and Mateus 2020; Lopez-Rojas
et al. 2024).

On the other hand, Cteniogenys was from a similar size-
range as bernissartiids (Sweetman 2016; Martin et al. 2020),
atoposaurids (Schwarz and Salisbury 2005; Schwarz et al.
2017) and other small crocodylomorphs Lusitanisuchus and
Lisboasaurus (Schwarz and Fechner 2004, 2008) reported in
the Upper Jurassic of Portugal (Guillaume et al. 2020). The
conical teeth observed in Cteniogenys suggest it was most
likely not sharing with bernissartiids the durophagous diet
implied by their molariform teeth (Guillaume et al. 2020).
However, Cteniogenys could have competed with atopo-
saurids and other small crocodylomorphs, whose diet was
based on small arthropods (insects, crustaceans, soft-bod-
ied) and occasional small vertebrates such as mammals
and amphibians (Guillaume et al. 2020). This may explain
why Cteniogenys seems to be more common in the Late
Jurassic of North America, where goniopholids were rather
diverse but smaller semi-aquatic crocodylomorphs not so
much (Foster and McMullen 2017), than in the Late Jurassic
of Europe, where atoposaurids were thriving (Tennant and
Mannion 2014).

Conclusions

Revision of material from the well-known Upper Jurassic
Guimarota beds from Portugal provided support for a
Cteniogenys taxon non-conspecific with the ones described
from the Morrison Formation and the Kirtlington Mammal
Bed, although the clade would require a revision to properly
describe its species. It further supports faunal interchanges
between North America, Northwestern Africa, and Europe
through the Iberian Plate during the Jurassic/Cretaceous
transition. Furthermore, specimens from Guimarota for-
merly attributed to Cteniogenys and other herpetofaunal
clades were redescribed and gave support for a new stem-
lepidosaur species. This new species further extends the
temporal range of this relict lineage to the very end of the
Jurassic period, at a time where other lizards were going
through a major faunal shift. It also highlights a vestigial
European endemism for stem-lepidosaurs, as well as hints
toward true ecological differences with other localities in
Europe and North America.
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