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Abstract

Members of the aquatic clade of reptiles Sauropterygia quickly evolved and diversified during the Triassic, acquiring differ-
ent lifestyles and trophic roles with a cosmopolitan distribution. Although the first Triassic sauropterygian remains from the
Iberian Peninsula were found more than a century ago, most of the relatively abundant recovered fossils have provided scarce
taxonomic information. The finding of new fossil sites and taxa during the last decade, as well as the review of the previously
known specimens, has allowed us to perform an update of the Iberian record of Triassic sauropterygians, a new faunal list
being provided. All the major clades of Triassic sauropterygians are present in the Iberian Peninsula, including placodonts,
pachypleurosaurs, pistosauroids and nothosauroids (i.e., simosaurids and nothosaurs). At least 13 different sauropterygian
taxa are recognized here. The Iberian record of Triassic sauropterygians is composed by both endemic forms and species and
genera also identified in other parts of the world, not only in some European regions, but also in the Middle East and China.
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Resumen

Los reptiles acuéticos del clado Sauropterygia evolucionaron y se diversificaron ripidamente durante el Tridsico, adquiriendo
distintos modos de vida y nichos tréficos con una distribucién cosmopolita. Aunque los primeros restos de sauropterigios
tridsicos de la peninsula ibérica se descubrieron hace mas de un siglo, la mayoria de estos fosiles relativamente abundantes
han proporcionado escasa informacion taxondémica. El hallazgo de nuevos yacimientos y taxones durante la dltima década,
asi como la revisién de especimenes previamente conocidos, nos ha permitido llevar a cabo una puesta al dia del registro
ibérico de sauropterigios tridsicos, proporcionando asi un nuevo listado faunistico. Todos los principales clados de saurop-
terigios tridsicos estan presentes en la peninsula ibérica, incluyendo placodontos, paquipleurosaurios, pistosauroideos y
notosauroideos (i.e., simosauridos y notosaurios). Se reconocen al menos 13 taxones diferentes de sauropterigios. El registro
ibérico de sauropterigios tridsicos estd compuesto tanto por formas endémicas como por géneros y especies identificados en
otras partes del planeta; no solo en algunas regiones europeas, sino también en Oriente Préximo y China.

Palabras clave Placodontia - Pachypleurosauria - Pistosauroidea - Nothosauria - Simosauridae

1 Introduction

The sauropterygians composed a successful group of Meso-
zoic aquatic reptiles whose known record extends for more
than 180 millions of years (Benson et al. 2010; Bardet et al.
>4 Carlos de Miguel Chaves 2014), from the Early Triassic (Storrs 1991; Jiang et al.
carlos.miguelchaves @gmail.com 2014) to the Late Cretaceous (Bakker 1993; Vincent et al.
2011). Quickly after its origin, Sauropterygia diversified into
several clades which occupied different ecological niches,
reaching the highest disparity of its evolutionary history dur-
ing the Middle to early Late Triassic (Stubbs and Benton
' Grupo de Biologia Evolutiva, Facultad de Ciencias, UNED, 2016). Thus, the record of the Triassic sauropterygians is
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well represented, abundant remains having been recovered
from the margins of the Paleotethys Sea (i.e., Europe, North
of Africa, the Middle East and China) and North America
(Bardet et al. 2014).

The first found Triassic sauropterygian specimen from the
Iberian Peninsula of which there is currently evidence was
an almost complete skeleton found in 1912 in Muschelkalk
Facies (Ladinian, Middle Triassic) of the locality of Estada
(Huesca Province, Aragon Autonomous Community, Spain).
It belongs to the nothosaur Lariosaurus balsami Curioni
1847 (Ferrando 1912; Sanz 1976; de Miguel Chaves et al.
2014). However, most of the subsequently found Triassic
sauropterygian remains in the Iberian Peninsula were frag-
mentary, isolated and poorly informative. Still, abundant
material of this group has been recovered from several fossil
sites and outcrops in the Portuguese area of Algarve (Cam-
pos and Mateus 2018), and also in several Spanish autono-
mous communities: Andalusia (Sanz 1991; Alafont 1992;
Sanz et al. 1993; Niemeyer 2002; Reolid et al. 2014; Reolid
and Reolid 2020), Aragon (Ferrando 1912; Lapparent 1966;
Kuhn-Schnyder 1966; Sanz 1976; de Miguel Chaves et al.
2015; Navarro-Lorbés et al. 2016), Balearic Islands (Bauza
Rullan 1955), Castilla-La Mancha (Petit 1964; Le Joncour
1965; Mathieu 1965; Lapparent 1966; Westphal 1975; Sanz
1980, 1983, 1991; Alférez et al. 1983; Lopez-Gémez 1985;
Marquez-Aliaga and Lopez-Gémez 1989; Pinna 1990; Ala-
font 1991, 1992, 1999; Sanz et al. 1993; Alafont and Sanz
1994; Berrocal-Casero and Castanhinha 2015; de Miguel
Chaves et al. 2017, 2018a, b, 2020; Berrocal-Casero et al.
2018; Marquez-Aliaga et al. 2019), Castile and Le6n (de
Miguel Chaves et al. 2016), Catalonia (Almela and Llopis
Llad6 1947; Via Boada et al. 1977; Sanz 1980, 1983; Sanz
et al. 1993; Martinez-Delclos 1995; Alafont and Sanz 1996;
Rieppel and Hagdorn 1998; Quesada and Aguera Gonzélez
2005; Fortuny et al. 2011) and Murcia (Pérez-Valera et al.
2019) (Fig. 1) (Table 1).

Several compilations of the Iberian record of Triassic
sauropterygians were performed in the past by Sanz (1980,
1983), Quesada et al. (1998), Bardet et al. (2008) and For-
tuny et al. (2011). However, knowledge about this record
has improved markedly during the last decade thanks to the
finding of new fossil sites, the description of new saurop-
terygian taxa, and the review of several previously known
specimens. An update of the Triassic record of the Iberian
members of Sauropterygia is presented here, considering all
these previous studies, as well as incorporating new data and
discussions on several of the represented lineages (Table 1).

Institutional abbreviations: AM, Centre d’Historia Natu-
ral de la Conca de Barbera, Tarragona, Catalonia, Spain;
IPS, Institut Catala de Paleontologia, Sabadell, Catalonia,
Spain; MAP, Museo Aragonés de Paleontologia (Fundacién
Conjunto Paleontolégico de Teruel-Dinépolis), Teruel,
Spain; MGM, Museo Geominero, Instituto Geoldgico y
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Minero de Espaifia, Madrid, Spain; MGSB, Museu Geologic
del Seminari Conciliar de Barcelona, Barcelona, Spain;
MGUYV, Museu de Geologia de la Universitat de Valéncia,
Valéncia, Spain; MNCN, Museo Nacional de Ciencias Nat-
urales, Madrid, Spain; MUPA-ATZ, El Atance collection,
Museo de Paleontologia de Castilla-La Mancha, Cuenca,
Spain; UPUAM, Unidad de Paleontologia, Universidad
Auténoma de Madrid, Madrid, Spain; VR, Bienservida-
Villarrodrigo collection, deposited in the Departamento de
Paleontologia, Universidad Complutense de Madrid, Spain.

2 Systematic palaeontology

The different Triassic sauropterygian taxa currently identify
in the Iberian Peninsula, including placodonts (Fig. 2), pis-
tosauroids (Fig. 3), pachypleurosaurs (Fig. 4), simosaurids
(Fig. 5) and nothosaurs (Figs. 6, 7), are listed below, as well
as the localities where they have been found:

Sauropterygia Owen 1860

Placodontiformes Neenan, Klein and Scheyer 2013

Placodontia Cope 1871

“Placodontoidea” Cope 1871

“Placodontoidea” indet.

Figure 2a

Global distribution of “Placodontoidea”: Lower Anisian
to lower Ladinian (Middle Triassic) of Europe and China
(Rieppel 2000a; Jiang et al. 2008).

Iberian record: Ladinian (Middle Triassic) of the area of
Bienservida and Villarrodrigo (Albacete and Jaén provinces,
Spain) and Ladinian of Riba de Santiuste—Rillo de Gallo
(Guadalajara Province, Spain) (Alafont 1992; Berrocal-
Casero et al. 2018).

Cyamodontoidea Nopcsa 1923

Psephosauriscus Rieppel 2002

Psephosauriscus sp.

Figure 2b

Global distribution of the genus Psephosauriscus: Anisan
to Ladinian (Middle Triassic) of the Middle East and the
Iberian Peninsula (Rieppel 2002; de Miguel Chaves et al.
2020).

Iberian record: Ladinian (Middle Triassic; Muschelkalk
Facies) of Canales de Molina (Guadalajara Province, Spain)
(de Miguel Chaves et al. 2020).

Henodontidae Huene 1936

Parahenodus de Miguel Chaves, Ortega and Pérez-Garcia
2018a

Parahenodus atancensis de Miguel Chaves, Ortega and
Pérez-Garcia 2018a

Figure 2c

Global distribution of the species Parahenodus atan-
censis: Exclusively known from its type locality and hori-
zon, the Carnian to Norian (Late Triassic) fossil site of El
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Placodontia

Y A

‘Simosauridae

Fig. 1 Fossil localities from the Iberian Peninsula where remains of
the main Triassic sauropterygian clades have been found. The sites
have been listed in chronological order according to the date of the
first publication on each of them. The litostratigraphic and/or chron-
ostratigraphic information for each site corresponds to that cur-
rently available in the literature. 1: Estada (Huesca, Spain; Ladin-
ian, Muschelkalk Facies). 2: Olesa de Montserrat (Barcelona, Spain;
Middle Triassic, Muschelkalk Facies). 3: Alpera (Albacete, Spain;
Muschelkalk Facies). 4: Boniches (Cuenca, Spain; Anisian, Muschel-
kalk Facies). 5: Caiiete (Cuenca, Spain; Middle Triassic, Muschel-
kalk Facies). 6: Torrijas (Teruel, Spain; Muschelkalk Facies). 7: Bar-
ranco de la Cazulla (Royuela, Teruel, Spain; Ladinian, Muschelkalk
Facies). 8: Mont-ral—Alcover (Tarragona, Spain; Ladinian, Muschel-
kalk Facies). 9: Henarejos (Cuenca, Spain; Ladinian, Muschelkalk
Facies). 10: Aiguafreda (Barcelona, Spain; Anisian, Muschelkalk
Facies). 11: Canales de Molina (Guadalajara, Spain; Ladinian,
Muschelkalk Facies). 12: Alcazar de San Juan (Ciudad Real, Spain;

Atance (Guadalajara Province, Spain) (de Miguel Chaves
et al. 2018a).

Placochelyidae Romer 1956

Placochelyidae indet.

Figure 2d, e

Global distribution of the clade Placochelyidae: Ladin-
ian (Middle Triassic) to Rhaetian (Late Triassic) of Europe

B~ Pistosauroidea

—3®— Pachypleurosauria

‘3 Nothosauria

Keuper Facies). 13: Valdemeca (Cuenca, Spain; Muschelkalk Facies).
14: Bienservida (Albacete, Spain)—Villarrodrigo (Jaén, Spain)—
Puente Génave (Jaén, Spain) (Middle Triassic, Muschelkalk Facies).
15: Riba de Santiuste—Rillo de Gallo (Guadalajara, Spain; Ladinian,
Muschelkalk Facies). 16: Tordelrdbano (Guadalajara, Spain; Middle
Triassic). 17: Montealegre del Castillo (Albacete, Spain; Carnian,
Keuper Facies). 18: Huélamo (Cuenca, Spain; Keuper Facies). 19:
Siles (Jaén, Spain; probably Ladinian, Middle Triassic, Muschelkalk
Facies). 20: Manzanera (Teruel, Spain; Carnian, Keuper Facies). 21:
El Atance (Guadalajara, Spain; Carnian—Norian interval, Keuper
Facies). 22: Vilanova de la Sal (Lleida, Spain; Carnian, Muschelkalk
Facies). 23: Silves (Algarve, Portugal; Carnian). 24: Loulé (Algarve,
Portugal; Carnian). 25: Fuencaliente de Medinaceli (Soria, Spain;
Ladinian, Muschelkalk Facies). 26: Villora (Cuenca, Spain; Ladin-
ian, Muschelkalk Facies). 27: Calasparra (Murcia, Spain; Ladinian,
Muschelkalk Facies). 28: Sierra de Lajar (Granada, Spain; Ladinian)

and China (Rieppel 2000a; Li and Rieppel 2002; Zhao et al.
2008; Wang et al. 2019a).

Iberian record: Ladinian (Middle Triassic; Muschelkalk
Facies) of Riba de Santiuste, Tordelrabano and Canales
de Molina (Guadalajara Province, Spain) and Bienservida
and Villarrodrigo (Albacete and Jaén provinces, Spain),
and Keuper Facies of Alcazar de San Juan (Ciudad Real

@ Springer
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Fig.2 Placodont and putative
placodont remains from the Tri-
assic of the Iberian Peninsula.
a VR-428 (X90), indeterminate
“placodontoid” scapula from
the Ladinian (Middle Trias-
sic) of the area of Bienservida
and Villarrodrigo (Albacete
and Jaén provinces, Spain). b
MGM-284 T, partial dorsal
carapace of Psephosauriscus
from the Ladinian (Middle
Triassic) of Canales de Molina
(Guadalajara Province, Spain).
¢ MUPA ATZ0104, holotype of
Parahenodus atancensis, from
the Carnian or Norian (Upper
Triassic) site of El Atance (Gua-
dalajara Province, Spain). d-e
MGM-296 T (d) and MGM-
294 (e), isolated teeth of and
indeterminate Placochelyidae
from the Ladinian (Middle
Triassic) of Canales de Molina
(Guadalajara Province, Spain).
f MGSB-78.012, indeterminate
juvenile cyamodontoid placo-
dont from the Ladinian (Middle
Triassic) of Mont-ral—Alcover
(Tarragona Province, Spain). g
dorsal rib attributed by Pinna
(1990) to the genus Paraplaco-
dus, from the Ladinian (Middle
Triassic) of Henarejos (Cuenca
Province, Spain), in lateral (g1)
and anterior (g2) views (speci-
men without number, collection
UPUAM)

Province, Spain) (Pinna 1990; Sanz 1991; Alafont 1992,
1999; Sanz et al. 1993; de Miguel Chaves et al. 2020).

Eosauropterygia Rieppel 1994

Pistosauroidea Baur 1887-1890

Pistosauroidea indet.

Figure 3

Global distribution of the clade Pistosauroidea: Ole-
nekian (Early Triassic) to Carnian (Late Triassic) of North
America, Europe and China (Storrs 1991; Rieppel 2000a;
Cheng et al. 2006; Dalla Vecchia 2006, 2017; Sato et al.
2010, 2014,2017a; Maisch 2014; Sander et al. 2014; Ma
etal. 2015; Shang et al. ).

@ Springer

Iberian record: Ladinian (Middle Triassic; Muschelkalk
Facies) of Mont-ral—Alcover (Tarragona Province, Spain)
(Alafont and Sanz 1996).

Pachypleurosauria Nopcsa 1928

Pachypleurosauria indet.

Figures 4a, b

Global distribution of Pachypleurosauria: Olenekian
(Early Triassic) to Ladinian (Middle Triassic) of Europe and
Asia (Rieppel 2000a; Bardet et al. 2014; Kowal-Linka and
Bodzioch 2017; San et al. 2019; Klein and Sander 2019),
its presence in the Carnian (Late Triassic) of China being
currently debated (Klein and Sander 2019).
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5cm

Fig.3 Cast of a partial skull and a mandible of an indeterminate pis-
tosauroid from the Ladinian (Middle Triassic) of Mont-ral—Alcover
(Tarragona Province, Spain). Specimen without number, collection
MGSB

Iberian record: Anisian to Ladinian (Middle Triassic) of
Aiguafreda (Barcelona Province, Spain), Bienservida and
Villarrodrigo (Albacete and Jaen provinces, Spain), Mont-
ral—Alcover (Tarragona Province, Spain), Riba de Santiuste
and Rillo de Gallo (Guadalajara Province, Spain), Valde-
meca (Cuenca Province, Spain) and Siles (Jaén Province,
Spain) (Sanz 1980, 1983, 1991; Alafont 1992, 1999; Rieppel
and Hagdorn 1998; Niemeyer 2002).

Pachypleurosauria indet. sp. 27

Figure 4c

Iberian record: Carnian (Late Triassic) of Vilanova de la
Sal (Lleida Province, Spain) (Fortuny et al. 2011).

Nothosauroidea Baur 1889

Simosauridae Huene 1948a

Simosauridae indet. sp.1

Figure 5a

Global distribution of the clade Simosauridae: Ani-
sian—Ladinian boundary (Middle Triassic) to the Car-
nian—Norian interval of Europe and the Middle East (de
Miguel Chaves et al. 2018b, c, 2019a).

Iberian record: Ladinian (Middle Triassic) of Riba de
Santiuste (Guadalajara Province, Spain) and Carnian (Late
Triassic) of Manzanera (Teruel Province, Spain) (de Miguel
Chaves et al. 2015; Berrocal-Casero et al. 2018).

Paludidraco de Miguel Chaves, Ortega and Pérez-Garcia
2018b

5cm

Fig.4 Pachypleurosaur remains from the Triassic of the Iberian Pen-
insula. a MGSB-10.098, thoracic skeleton of an indeterminate pachy-
pleurosaur from the Anisian (Middle Triassic) of Aiguafreda (Bar-
celona Province, Spain). b MGSB-63.281, cast of an indeterminate
pachypleurosaur from the Ladinian (Middle Triassic) of Mont-ral—
Alcover (Tarragona Province, Spain). ¢ IPS-51362, partial postcra-
nial skeleton of an indeterminate pachypleurosaur from the Carnian
(Upper Triassic) of Vilanova de la Sal (Lleida Province, Spain), prob-
able representing a species different from those in a, b

Paludidraco multidentatus de Miguel Chaves, Ortega and
Pérez-Garcia 2018b

Figure 5b

Global distribution of the species Paludidraco multiden-
tatus: Exclusively known in its type locality and horizon, the
Carnian to Norian (Upper Triassic) fossil site of El Atance
(Guadalajara Province, Spain) (de Miguel Chaves et al.
2018b).

Nothosauria Baur 1889

Hispaniasaurus Marquez-Aliaga, Klein, Reolid, Plasen-
cia, Villena and Martinez-Pérez 2019

Hispaniasaurus cranioelongatus Marquez-Aliaga, Klein,
Reolid, Plasencia, Villena and Martinez-Pérez 2019

Figure 6a
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Fig.5 Simosaurid remains
from the Triassic of the Iberian
Peninsula. a MAP-4769,
isolated dorsal vertebra of an
indeterminate Simosaurid from
the Carnian (Upper Triassic)
of Manzanera, not attributable
to Paludidraco multidentatus,
in anterior (al), lateral (a2,

a4) and posterior (a3) views.

b MUPA-ATZ0101, holotype
of Paludidraco multidentatus,
from the Carnian or Norian
(Upper Triassic) site of El
Atance (Guadalajara Province,
Spain)

a4

5cm

Global distribution of the species Hispaniasaurus cranio-
elongatus: Exclusively known in its type locality and hori-
zon, the Ladinian (Middle Triassic; Muschelkalk Facies)
of Villora (Cuenca Province, Spain) (Marquez-Aliaga et al.
2019).

Nothosauridae Baur 1889

Nothosaurus Miinster 1834

Nothosaurus sp.

Figure 6b

Global distribution of the genus Nothosaurus: Anisian
(Middle Triassic) to Carnian (Late Triassic) of Europe, the
Middle East and China (Rieppel 2000a; Liu et al. 2014; Hinz
et al. 2019).

Iberian record: Middle Triassic (mostly Ladinian) of
Royuela (Teruel Province, Spain) (Kuhn-Schnyder 1966),
Mont-ral—Alcover (Tarragona Province, Spain) (Sanz
1983), Canales de Molina (Guadalajara Province, Spain)
(Alférez et al. 1983; de Miguel Chaves et al. 2017), the
area of Bienservida and Villarrodrigo (Albacete and Jaén
Provinces, Spain) (Sanz 1991; Reolid et al. 2014), Siles
(Jaén Province, Spain) (Niemeyer 2002), Puente Génave
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(Jaén Province, Spain) (Reolid et al. 2014) and Fuencali-
ente de Medinaceli (Soria Province, Spain) (de Miguel
Chaves et al. 2016).

Nothosaurus cf. mirabilis Miinster 1834

Figure 6¢

Global distribution of the species Nothosaurus mirabi-
lis: Anisian to Ladinian (Middle Triassic) of Europe and
the Middle East (Rieppel 2000a).

Iberian record: Muschelkalk Facies (Middle Triassic,
probably Ladinian) of Royuela (Teruel Province, Spain),
Siles (Jaén Province, Spain) and Puente Génave—Villar-
rodrigo (Jaén Province, Spain) (Kuhn-Schnyder 1966;
Niemeyer 2002; Reolid et al. 2014).

Nothosaurus cf. giganteus Miinster 1834

Figure 6d

Global distribution of the species Nothosaurus gigan-
teus Anisian to Ladinian (Middle Triassic) of Europe
and the Middle East (Rieppel 2000a; Hinz et al. 2019).
This taxon would survive into the Carnian (Late Triassic)
according to Liu et al. (2014).
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Fig. 6 Nothosaurian remains
from the Triassic of the Iberian a1
Peninsula. a MGUV-24447,
holotype of Hispaniasaurus
cranioelongatus, from the
Ladinian (Middle Triassic)

of Villora (Cuenca Province,
Spain), in dorsal (al) and
ventral (a2) views. b MGSB-
M503, holotype of ‘Nothosau-
rus cymatosauroides’, from the
Ladinian (Middle Triassic) of
Mont-ral—Alcover (Tarragona
Province, Spain), currently
identified as Nothosaurus sp.

¢ VR-224 (X-87), isolated
dorsal arch of Nothosaurus cf.
mirabilis, from the Ladinian
(Middle Triassic) of the area of
Bienservida and Villarrodrigo
(Albacete and Jaén provinces,
Spain). d UPUAM 14702a,
dorsal vertebrae of Nothosaurus
cf. giganteus, from the Ladinian
(Middle Triassic) of Fuen-
caliente de Medinaceli (Soria
Province, Spain)

Iberian record: Ladinian (Muschelkalk Facies, Middle
Triassic) of Fuencaliente de Medinaceli (Soria Province,
Spain) (de Miguel Chaves et al. 2016).

Lariosaurus Curioni 1847

Lariosaurus (Ceresiosaurus) sp.

Figure 7a

Global distribution of the genus Lariosaurus: The fossil
record of the genus Lariosaurus ranges from the Anisian
(Middle Triassic) to the Carnian (Late Triassic) of Europe,
the Middle East and China (Rieppel 1998, 2000a; Klein
et al. 2016; Lin et al. 2017).

Iberian record: Ladinian (Middle Triassic) of Mont-ral—
Alcover (Tarragona Province, Spain) (Quesada and Aguera
Gonzalez 2005).

Lariosaurus balsami Curioni 1847

d 2cm

Figure 7b, ¢

Global distribution of the species Lariosaurus balsami:
Ladinian (Middle Triassic) of Europe (Rieppel 1998, 2000a).

Iberian record: Ladinian (Middle Triassic) of Estada
(Huesca Province, Spain) and Mont-ral—Alcover (Tarra-
gona Province, Spain) (Sanz 1976; Rieppel and Hagdorn
1998).

3 Discussion
3.1 Placodontia

Placodonts are mostly durophagous sauropterygians whose
record ranges from the Middle Triassic (Anisian) to the Late
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Fig.7 a AM 024, postcranial
skeleton of an indeterminate
species of Lariosaurus not
attributable to Lariosaurus
balsami, from the Ladinian
(Middle Triassic) of Mont-ral—
Alcover (Tarragona Province,
Spain). b MNCN 63,704, skel-
eton of Lariosaurus balsami,
from the Ladinian (Middle
Triassic) of Estada (Huesca
Province, Spain). ¢ MGSB-
53.473 (M506), skeleton of
Lariosaurus balsami, from the
Ladinian (Middle Triassic) of
Mont-ral—Alcover (Tarragona
Province, Spain)

Triassic (Rhaetian) (Bardet et al. 2014). Fossil remains of
this group have been found in several European countries
(see a compilation in Rieppel 2000a; Bardet et al. 2014) and
the Middle East (Haas 1975; Rieppel et al. 1999; Vickers-
Rich et al. 1999; Rieppel 2002; Kear et al. 2010); its record
was unknown in China until the XXI century, but it has rap-
idly increased in recent years (Li 2000; Li and Rieppel 2002;
Jiang et al. 2008; Zhao et al. 2008; Neenan et al. 2015; Wang
et al. 2019a, b, ¢).

Abundant but isolated and fragmentary remains of pla-
codonts have been recovered from the Middle and Upper
Triassic outcrops of the Iberian Peninsula, including the
Portuguese area of Algarve (Campos and Mateus 2018);
and the Spanish Autonomous Communities of Andalusia
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(Sanz 1991; Alafont 1992; Sanz et al. 1993; Niemeyer 2002;
Reolid et al. 2014), Aragon (Lapparent 1966; Kuhn-Schny-
der 1966; de Miguel Chaves et al. 2015), Castilla-La Man-
cha (Lapparent 1966; Westphal 1975; Marquez-Aliaga and
Lépez-Gomez 1989; Pinna 1990; Sanz 1991; Alafont 1992,
1999; Sanz et al. 1993; Berrocal-Casero and Castanhinha
2015; Berrocal-Casero et al. 2018; de Miguel Chaves et al.
2018a, 2020) and Catalonia (Rieppel and Hagdorn 1998).
A detailed background about all these findings is included
in de Miguel Chaves et al. (2020).

Despite the relatively abundance of placodont remains
from the Iberian record, most of them provide scarce taxo-
nomic information. Some Iberian specimens were attributed
to the genera Placochelys Jaekel 1902, Psephoderma Meyer
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1858 and Psephosaurus Fraas 1896 (Fig. 1f; Kuhn-Schnyder
1966; Westphal 1975; Rieppel and Hagdorn 1998; Alafont
1999; Niemeyer, 2002), but there is not information on the
currently known specimens that justify their attributions to
these taxa or their consideration as closely related forms (de
Miguel Chaves et al. 2020).

Some carapace elements from the Carnian (Upper Trias-
sic) of Algarve were assigned to the genus Henodus Huene
1936, based on their hexagonal and laterally elongated shape
(Campos and Mateus 2018). However, this classification
cannot currently be confirmed due to they have not been
figured or described in detail. In fact, some isolated carapace
elements from the Triassic locality of Manzanera (Teruel
Province, Spain), MAP-4784 and MAP-4785, also present
this morphology (de Miguel Chaves et al. 2015; Fig. 3f, g),
being attributed to indeterminate cyamodontoid placodonts
considering the absence of more informative characters.

After the first-hand study, we have not found enough
evidence to justify the attribution of a dorsal rib from the
Ladinian (Middle Triassic) of Henarejos (Cuenca Province,
Spain) to the genus Paraplacodus Peyer 1931a (Pinna 1990),
contra de Miguel Chaves et al. (2020). The posterior unci-
nate process of the rib is partially broken (Fig. 2g), and it
lacks the tapered distal end present in many of the dorsal
ribs of Paraplacodus (Klein and Sichelschmidt 2014). This
rib could be also compatible with those of other taxa as, for
example, the diapsid Eusaurosphargis dalsassoi Nosotti and
Rieppel 2003 (Scheyer et al. 2017). Therefore, its identifica-
tion as belonging to the genus Paraplacodus cannot be sup-
ported, as was previously indicated by Rieppel (2000a, b).
The attribution to Paraplacodus of a scapula from the same
locality performed by Marquez-Aliaga and Lopez-Gomez
(1989) was not supported either (de Miguel Chaves et al.
2020).

Only two placodont taxa from the Iberian Peninsula can
be currently identified at the generic level: Psephosauriscus
Rieppel 2002 and Parahenodus de Miguel Chaves, Ortega
and Pérez-Garcia 2018a. Both taxa are cyamodontoid pla-
codonts. An indeterminate species of the genus Psepho-
sauriscus have been recently identified in the Muschelkalk
Facies (Middle Triassic) of Canales de Molina (Guadalajara
Province, Spain), based on a partial carapace (MGM-284T;
Fig. 2b) of a probably juvenile individual (de Miguel Chaves
et al. 2020). Psephosauriscus is a cyamodontoid placodont
with uncertain affinities, previously identified in the Anisian
to lower Ladinian levels of Israel and Egypt (Rieppel 2002).
Therefore, its finding outside the Middle East expanded the
previously known geographical range of this taxon. On the
other hand, Parahenodus atancensis is a recently described
genus and species from the Carnian or Norian (Upper Trias-
sic) site of El Atance (Guadalajara Province, Spain), based
on the partial skull MUPA ATZ0104 (Fig. 2c; de Miguel
Chaves et al. 2018a). It is identified as the sister taxon of the

bizarre cyamodontoid placodont Henodus chelyops Huene
1936, from the Carnian of Germany, both composing the
highly specialized clade Henodontidae (de Miguel Chaves
et al. 2018a).

In addition to these two cyamodontoid taxa identified at
the generic level, remains of indeterminate “placodontoids”
(i.e., non-shelled placodonts) were found in the Ladinian
(Middle Triassic) of the area of Bienservida and Villar-
rodrigo (Albacete and Jaén provinces, Spain; Fig. 2a), as
well as placochelyid cyamodontoid remains in the same
area, but also in the Keuper of Alcazar de San Juan (Ciu-
dad Real Province, Spain), and the Muschelkalk (Middle
Triassic) of Riba de Santiuste, Tordelrabano and Canales
de Molina (Guadalajara Province, Spain) (Fig. 1d, e; Pinna
1990; Sanz 1991; Alafont 1992, 1999; Sanz et al. 1993; de
Miguel Chaves et al. 2020).

Thus, at least three different forms of placodonts are
identified in the Triassic of the Iberian Peninsula, includ-
ing the genus Psephosauriscus (if it belonged to the clade
Placochelyidae, as suggested by Mazin 1989; Rieppel 2001),
the henodontid Parahenodus atancensis and indeterminate
“placodontoids”. If Psephosauriscus does not belong to Pla-
cochelyidae, then the occurrence of placochelyid remains
implies the presence of a fourth placodont form in the Ibe-
rian Triassic record.

3.2 Pistosauroidea

Pistosauroids were a group of eosauropterygians that gave
origin to the members of the derived clade Plesiosauria
during the Late Triassic (Wintrich et al. 2017). The oldest
putative member of Pistosauroidea dates from the Olenekian
(Early Triassic) (Storrs 1991), whereas the last known non-
plesiosaur pistosauroids were recovered from the Carnian
(Late Triassic) (Dalla Vecchia 2006, 2017). The geographi-
cal range of non-plesiosaurian pistosauroids (referred herein
as pistosauroids) includes North America (Storrs 1991;
Sander et al. 1997; Rieppel et al. 2002); Europe (Huene
1948b; Sues 1987; Rieppel 1997, 2000a; Rieppel and Wer-
neburg 1998; Dalla Vecchia 2006, 2017; Maisch 2014;
Sander et al. 2014) and China (Rieppel 1999; Cheng et al.
2006; Sato et al. 2010, 2014; Ma et al. 2015; Shang et al.
2017a).

The Iberian record of pistosauroids is very limited, con-
sisting of a single specimen from the Ladinian (Middle Tri-
assic) of Mont-ral—Alcover (Tarragona Province, Spain)
(Alafont and Sanz 1996). It is represented by the natural
cast of the partial skull and complete jaw of a single indi-
vidual (Fig. 3), kept in a private collection, identified by
Alafont and Sanz (1996) as an indeterminate Pistosauria of
the clade Pistosauridae (i.e., close to the genus Pistosau-
rus Meyer 1839). Rieppel and Hagdorn (1998) recognized
this specimen as a probably indeterminate member of the
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clade Pistosauria, indicating that it presents the narrow and
tapering snout recognized as exclusive for Pistosaurus.
However, they also stated that it shows some characters not
shared with this genus, including the lack of a sagittal crest
and procumbent anterior dentary teeth, the presence of a
homodont dentition and a tooth morphology that, accord-
ing to them, could be not sauropterygian at all (Rieppel and
Hagdorn 1998). Several Triassic pistosauroids have been
published since then, sharing with Pistosaurus the taper-
ing snout, the heterodonty, the procumbent anterior dentary
teeth and the sagittal crest, and questioning the validity of
the clades Pistosauria and Pistosauridae (Rieppel et al. 2002;
Cheng et al. 2006; Sato et al. 2010, 2014; Ma et al. 2015;
Shang et al. 2017a). Thus, several of the characters present
in the individual from Mont-ral—Alcover are not shared
with other pistosauroids and, therefore, this specimen could
belong to a new taxon. However, due to the scarce nature of
this fossil, its poor preservation and its problematic location
in a private collection, we classify it as an indeterminate
member of the clade Pistosauroidea, being the only speci-
men of this group currently known in the Triassic record of
the Iberian Peninsula. In addition, some isolated vertebrae
from the Ladinian (Middle Triassic) of Calasparra (Murcia,
Spain) has been proposed as probably related to pistosau-
roids (Pérez-Valera et al. 2019), but these remains are too
scarce and fragmentary to confirm this attribution.

3.3 Pachypleurosauria

Pachypleurosaurs are small-sized eosauropterygians whose
phylogenetic relationships are still debated, being interpreted
by some authors as constituting a monophyletic group (Liu
et al. 2011; Renesto et al. 2014), but recognized as para-
phyletic by others (Cheng et al. 2016; Shang et al. 2017b;
Jiang et al. 2018). The oldest worldwide confirmed pachy-
pleurosaur remains have been recovered from the Olenekian
(late Early Triassic), being attributed to the genus Dacty-
losaurus Giirich 1884 (Kowal-Linka and Bodzioch 2017);
but two indeterminate pachypleurosaur specimens from
Myanmar could also come from Lower Triassic levels (San
et al. 2019). Most of the currently known pachypleurosaurs
lived during the Anisian and Ladinian (Middle Triassic), the
presence of this group in the Carnian (Late Triassic) being
currently discussed (Klein and Sander 2019). Pachypleuro-
saurs have been found in several European countries (e.g.,
Rieppel 2000a; Bardet et al. 2014; Renesto et al. 2014; Klein
and Sander 2019), as well as in Myanmar (San et al. 2019)
and China (Holmes et al. 2008; Liu et al. 2011; Cheng et al.
2016; Shang et al. 2017b; Jiang et al. 2018).

Some pachypleurosaur remains have been identified in the
Triassic of the Iberian Peninsula (Fig. 4), but none of them
have been identified at the generic or specific levels. The
first found Iberian pachypleurosaur was a partial specimen
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from the Anisian (Middle Triassic) of Aiguafreda (Barce-
lona Province, Spain), consisting of the thoracic region of
an axial skeleton (Fig. 4a). It was classified by Sanz (1980,
1983) as an indeterminate Pachypleurosauridae. Several iso-
lated vertebral remains from the Ladinian (Middle Trias-
sic) of the area of Bienservida and Villarrodrigo (Albacete
and Jaén provinces, Spain) were attributed to indeterminate
pachypleurosaurs (Alafont 1991, 1992; Sanz 1991). The
natural casts of three eosauropterygian specimens from the
Ladinian of Mont-ral—Alcover (Tarragona Province, Spain)
previously identified as Lariosaurus balsami (Sanz 1983),
were reassigned by Rieppel and Hagdorn (1998) to a prob-
ably new taxon of Pachypleurosauria (Fig. 4b). Some iso-
lated vertebral centra from the Middle Triassic of the area
of Riba de Santiuste and Rillo de Gallo (Guadalajara Prov-
ince, Spain), and from Valdemeca (Cuenca Province, Spain)
were also attributed, in a preliminary way, to indeterminate
pachypleurosaurs (Alafont 1999). In addition, some isolated
vertebrae, ribs and teeth from the Muschelkalk (Middle Tri-
assic) of Siles (Jaén Province, Spain) were also classified by
Niemeyer (2002) as belonging to indeterminate members
of this group. Finally, a partially articulated eosauroptery-
gian skeleton from the basal Carnian (Upper Triassic) of
Vilanova de la Sal (Lleida Province, Spain) was considered
as Pachypleurosauria indet by Fortuny et al. (2011) (Fig. 4c).
Some characters, as the presence of four sacral ribs in one
of the specimens from Mont-ral—Alcover while the pachy-
pleurosaur from Vilanova de la Sal only presents three,
suggest that these specimens could belong to two different
pachypleurosaur taxa. However, a detailed study of these
remains is necessary in order to evaluate the validity of this
hypothesis.

Thus, at least one pachypleurosaur taxon is present in the
Middle-Late Triassic of the Iberian Peninsula, the presence
of a second form being highly probable.

3.4 Simosauridae

Simosaurids are 3—4 m long Triassic eosauropterygians that
belong to the clade Nothosauroidea, some of them being
interpreted as predators (Rieppel 1994) and others were
recently described as filter-feeders (de Miguel Chaves et al.
2018b). The temporal fossil record of Simosauridae ranges
from the Anisian-Ladinian boundary (Middle Triassic; Haas
1981; Rieppel et al. 1999) to the Carnian—Norian interval
(Late Triassic; de Miguel Chaves et al. 2018b). This clade
seems to be restricted to the western Paleotethys, its remains
having being found in several European countries (Rieppel
1996, 2000a; Dalla Vechia 2008; de Miguel Chaves et al.
2018b, c, 2019a) and in the Middle East (Haas 1981; Riep-
pel et al. 1999; Vickers-Rich et al. 1999; Kear et al. 2010).
Few confirmed simosaurid occurrences have been recog-
nized in the Triassic record of the Iberian Peninsula (Fig. 5).
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The first Iberian simosaurid remains were found in the Car-
nian of Manzanera (Teruel Province, Spain), consisting of
isolated vertebrae and ribs initially attributed to the genus
Simosaurus Meyer 1842 (Fig. 5a; de Miguel Chaves et al.
2015). These remains have been recently reclassified as
belonging to an indeterminate simosaurid (de Miguel Chaves
et al. 2019a). The second Iberian occurrence is that of the
recently described Paludidraco multidentatus de Miguel
Chaves, Ortega and Pérez-Garcia 2018b, from the Carnian
or Norian fossil site of El Atance (Guadalajara Province,
Spain), which has been interpreted as a filter-feeder (Fig. 5b;
de Miguel Chaves et al. 2018b). The fossils from Manzan-
era have been interpreted as belonging to an indeterminate
form, different from Paludidraco multidentatus (de Miguel
Chaves et al. 2019a), so two different simosaurid forms are
identified in the Iberian Peninsula. A third simosaurid occur-
rence has been cited from the Ladinian of Riba de Santiuste
(Guadalajara Province, Spain), based on a single vertebral
centrum that could correspond to Simosaurus or a related
form (Berrocal-Casero et al. 2018; Fig. 10). Due to the little
information provided by this single element we opt to clas-
sify it as belonging to an indeterminate simosaurid. Finally,
an isolated dorsal rib from the Ladinian (Middle Triassic)
of the Sierra de Lijar (Granada Province, Spain) shares with
those of Paludidraco multidentatus a strong distal expan-
sion, a constricted proximal region and pachyostosis of the
bone (Reolid and Reolid 2020), and they suggested that
it could belong to this taxon. However, due to the scarce
information provided by this isolated element, the authors
decided to classify it just as an indeterminate eosauroptery-
gian, probably belonging to the clade Simosauridae (Reolid
and Reolid 2020). We agree with them.

3.5 Nothosauria

Nothosauria is the other clade included within Nothosau-
roidea, being the sister group of Simosauridae. They were
eosauropterygians ranging from small (less than 1 m in
length) to large size (5—7 m length), some of them being
apex predators (Liu et al. 2014). They have been found in
lower Anisan (Middle Triassic) to lower Carnian (Upper
Triassic) levels from Europe, China, Israel and Tunisia (e.g.
Rieppel 2000a; Bardet et al. 2014; Liu et al. 2014; Klein
et al. 2016; Lin et al. 2017; Hinz et al. 2019).

The nothosaurian remains are amongst the most abundant
sauropterygian fossils from the Iberian Triassic, although
most of them are poorly informative. Indeterminate notho-
saur remains have been recovered from several localities of
the Iberian Peninsula, including Royuela (Teruel Province,
Spain) (Kuhn-Schnyder 1966), Henarejos (Cuenca Province,
Spain) (Sanz 1983), Valdemeca (Cuenca Province, Spain)
(Lopez-Gomez 1985; Alafont 1999), the area of Bienser-
vida and Villarrodrigo (Albacete and Jaén provinces, Spain)

(Sanz 1991, Alafont 1991, 1992), the area of Riba de San-
tiuste and Rillo de Gallo (Guadalajara Province, Spain)
(Alafont 1999; Berrocal-Casero et al. 2018), Siles (Jaén
Province, Spain) (Niemeyer 2002), El Atance (Guadalajara
Province) (Quesada et al. 2009; de Miguel Chaves et al.);
the area of Puente Génave and Villarrodrigo (Jaén Province,
Spain) (Reolid et al. 2014) and Canales de Molina (Guadala-
jara Province, Spain) (de Miguel Chaves et al. 2017).

The genus Nothosaurus Miinster 1834 or very closely
related forms, were identified several times in the Iberian
Triassic record, in the localities of Olesa (Barcelona Prov-
ince, Spain) (Almela and Llopis Lladé 1947), Séller (Mal-
lorca, Balearic Islands, Spain) (Bauza Rullan 1955), Royuela
(Teruel Province, Spain) (Kuhn-Schnyder 1966), Mont-ral—
Alcover (Tarragona Province, Spain) (Sanz 1983), Cana-
les de Molina (Guadalajara Province, Spain) (Alférez et al.
1983; de Miguel Chaves et al. 2017), the area of Bienser-
vida and Villarrodrigo (Albacete and Jaén provinces, Spain)
(Sanz 1991; Reolid et al. 2014), Siles (Jaén Province, Spain)
(Niemeyer 2002), Puente Génave (Jaén Province, Spain)
(Reolid et al. 2014) and Fuencaliente de Medinaceli (Soria
Province, Spain) (de Miguel Chaves et al. 2016). However,
the remains of the two first localities (i.e., Olesa and Séller)
have not been properly described nor figured, its attribu-
tion being doubtful (Sanz 1980, 1983). The study of the
Spanish vertebral remains attributed to Nothosaurus has
provided evidence of the presence of two different forms
within this genus in the Iberian Triassic record, one of them
being more close to Nothosaurus mirabilis Miinster 1834
(Fig. 6¢) and other related to Nothosaurus giganteus Miin-
ster 1834 (Fig. 6d; de Miguel Chaves et al. 2016). In addi-
tion, another species of this genus was erected based on the
natural cast of a skull, vertebrae, ribs and gastral elements
of a single individual from the Ladinian (Middle Triassic)
of Mont-ral—Alcover (Tarragona Province, Spain): Notho-
saurus cymatosauroides Sanz 1983 (Fig. 6b). The valid-
ity of this taxon was subsequently questioned by Rieppel
(2000a). The diagnosis of N. cymatosauroides was based on
a combination of characters, including: a relatively short and
wide face when compared to other Nothosaurus species, a
marked orbital development in relation to the pre-temporal
cranial region, a transverse development of the postorbital
region followed by a marked constriction in the post-tempo-
ral region, the presence of relatively small upper temporal
fenestrae when compared to those of other species within the
genus (the length being 2.3 times the length of the orbits),
and the presence of a laterally expanded squamosal (Sanz
1983; Rieppel and Hagdorn 1998; Rieppel 2000a). However,
this combination of characters is also present in the small
sized species of the same genus Nothosaurus marchicus
Koken 1893 and Nothosaurus winterswijkensis Albers and
Rieppel 2003 (see Koken 1893; Rieppel and Hagdorn 1998;
Albers and Rieppel 2003; Albers 2005). In addition, the lack
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of visible sutures in the holotype of N. cymatosauroides due
to its preservation as a natural cast also prevent to support
the validity of this species.

Two different species of the nothosaurian genus Lari-
osaurus Curioni 1847 have also been identified in the Tri-
assic levels of the Iberian Peninsula (Fig. 7). Several speci-
mens of the type species, Lariosaurus balsami, have been
found in two Spanish localities: one single individual from
the Ladinian (Middle Triassic) of Estada (Huesca Province,
Spain; Ferrando 1912; Sanz 1976) (Fig. 7b), and six speci-
mens from the Ladinian of Mont-ral—Alcover (Tarragona
Province, Spain; Sanz 1983; Rieppel and Hagdorn 1998)
(Fig. 7¢). A second Lariosaurus species was recovered also
from the Ladinian of Mon-ral—Alcover, based on the natu-
ral cast of a partial postcranial skeleton (AM 024; Fig. 7a),
and attributed to the species Lariosaurus calcagnii by Riep-
pel and Hagdorn (1998), or to an indeterminate species of
the problematic genus Ceresiosaurus Peyer 1931b by Que-
sada and Aguera Gonzélez (2005). Ceresiosaurus is a doubt-
ful nothosaur genus that comprises two species (C. calcagnii
and C. lanzi Hanni 2004), and that was synonymized with
the genus Lariosaurus by Rieppel (1998), although it was
reconsidered as valid by Hinni (2004). However, most of
the recent studies identify C. calcagnii as a species within
the genus Lariosaurus (L. calcagnii) and obviate C. lanzi
(Klein et al. 2016; Lin et al. 2017; Hinz et al. 2019). Taking
this into account, and considering that Quesada and Aguera
Gonzilez (2005) were not confident to include the specimen
AM 024 within the species Lariosaurus (Ceresiosaurus)
calcagnii, we identify it as a Lariosaurus species different
to L. balsami. More detailed studies are necessary in order
to evaluate its specific attribution.

Finally, a new eosauropterygian taxon with nothosaurian
affinities, Hispaniasaurus cranioelongatus Marquez-Aliaga,
Klein, Reolid, Plasencia, Villena and Martinez-Pérez 2019,
has been described based on a partial skull (Fig. 6a) from
the Ladinian (Middle Triassic) of Villora (Cuenca Province,
Spain) (Marquez-Aliaga et al. 2019). Phylogenetic analysis
identify Hispaniasaurus cranioelongatus as a nothosau-
roid, being closer than Simosaurus to the Nothosaurus-
Lariosaurus clade, and therefore being its sister taxon
(Mérquez-Aliaga et al. 2019), and sharing with Nothosau-
ria the following synapomorphies: reduced dorsal exposure
of the prefrontal; jugal restricted to a position behind the
orbit; external nares retracted with a longitudinal diameter
approaching or exceeding half the longitudinal diameter of
orbit; and postfrontal with reduced lateral process and hence
more of an elongate shape (de Miguel Chaves 2018).

Thus, at least five different nothosaurian taxa are pre-
sent in the Iberian Triassic record, including two different
forms of Nothosaurus (but N. cymatosauroides not being
currently recognized as a valid form), two species of the
genus Lariosaurus (one of them being L. balsami and the
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other not identified at specific level) and Hispaniasaurus
cranioelongatus.

4 The Iberian Triassic sauropterygians
in the paleobiogeographical context

The sauropterygian record from the Triassic levels of the
Iberian Peninsula is composed of both endemisms and spe-
cies and genera present in other regions. The record of the
Iberian placodonts is consistent with the range of this group,
known from the Anisian to the Rhaetian of Europe, the Mid-
dle East and China (Bardet et al. 2014; Neenan et al. 2015).
The genus Psephosauriscus was only known from the Ani-
sian and lower Ladinian of the Middle East (Rieppel 2002),
so its presence in the Ladinian of the Iberian Peninsula
(de Miguel Chaves et al. 2020) expanded its geographical
range, suggesting a dispersion from the Sephardic Domain
during the Ladinian or before. Parahenodus atancensis
is a form exclusively known in the Iberian Peninsula (de
Miguel Chaves et al. 2018a). Its occurrence in the Carnian
is consistent with the temporal distribution of its sister taxon,
Henodus chelyops, from the Carnian of Tiibingen (Germany)
(Huene 1936). This would be also consistent with the pos-
sible presence of osteoderms of a henodontid in the Carnian
of Algarve (Portugal) (identified as Henodus by Campos and
Mateus 2018), and with the occurrence of other elements
with the same morphology in the Carnian of Manzanera
(Teruel Province, Spain) (de Miguel Chaves et al. 2015). In
fact, taking into account that the morphology of the carapace
of Parahenodus atancensis is currently unknown, and that
it is closely related to Henodus chelyops, the possibility that
these elements belong to Parahenodus atancensis cannot
be ruled out.

The presence of both pistosauroids and pachypleurosaurs
in the Anisian and Ladinian (Middle Triassic) of the Iberian
Peninsula (Sanz 1983; Alafont and Sanz 1996; Rieppel and
Hagdorn 1998) is also consistent with the known record of
these sauropterygian groups. Pistosauroidea record ranges
from the Olenekian (Early Triassic) to the Carnian (Late
Triassic) of North America, Europe and China (e.g., Bardet
et al. 2014), and pachypleurosaur forms are known from
the Olenekian and lived mostly during the Anisian-Ladinian
interval in Europe and Asia (e.g. Klein and Sander 2019).
However, considering that the presence of the pachypleuro-
saurs during the Carnian (Late Triassic) is currently subject
of discussion (Klein and Sander 2019), the occurrence of
a pachypleurosaur specimen in the Carnian of Catalonia
(Fortuny et al. 2011) confirms the presence of this group,
representing one of the youngest known records.

The only identified simosaurid taxon from the Iberian
Triassic at both specific and generic level is Paludidraco
multidentatus, from the Carnian—Norian (Late Triassic) of
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El Atance (Guadalajara Province, Spain) (de Miguel Chaves
et al. 2018b). This taxon is currently recognized as exclusive
of the Spanish record. Another indeterminate simosaurid
taxon is identified in Carnian levels of the Iberian Penin-
sula (de Miguel Chaves et al. 2015), and more indeterminate
simosaurid fossils are known from the Ladinian of Riba de
Santiuste (Berrocal-Casero et al. 2018). The age of these
Iberian remains of this clade is consistent with that of the
known record of Simosauridae, which ranges from the Ani-
sian-Ladinian (Middle Triassic) boundary to the Carnian,
in Europe and the Middle East (de Miguel Chaves et al.
2019a). The absence of simosaurid remains in China sug-
gests the origin and diversification of this clade as exclusive
of the Western Paleotethys. If the single dorsal rib from the
Ladinian of the Sierra de Ldjar (Granada Province, Spain)
finally belongs to Paludidraco multidentatus, as suggested
by Reolid and Reolid (2020), it would correspond to the
oldest record of this taxon.

The Iberian record of Nothosauria is also composed of
endemic forms and taxa shared with other regions. The
Iberian record of the genus Nothosaurus is limited to the
Middle Triassic (de Miguel Chaves et al. 2016), its global
record ranging from the Anisian (lower stage of the Mid-
dle Triassic) to the Carnian (Late Triassic) of Europe, the
Middle East and China (see Liu et al. 2014 Fig. 3; Hinz
et al. 2019; Fig. 9). The two forms of Lariosaurus from the
Ladinian (Middle Triassic) of the Iberian Peninsula, Lari-
osaurus balsami (Sanz 1976; Rieppel and Hagdorn 1998)
and a second indeterminate species, not attributable to it
(Quesada and Aguera Gonzalez 2005) are also compatible
with the known global geographical and temporal record of
this genus. This taxon is known from the Anisian (Middle
Triassic) to the lower Carnian (Late Triassic) of Europe,
the Middle East and China (see Klein et al. 2016; Lin et al.
2017). Finally, the recently described Hispaniasaurus crani-
oelongatus (Marquez-Aliaga et al. 2019), from the Ladinian
of Villora (Cuenca Province, Spain), is currently recognized
exclusively from its type locality.

5 Conclusions

Sauropterygia has traditionally been a poorly known clade
in the Triassic record of the Iberian Peninsula. Although
the first Triassic sauropterygian specimen was found at
the beginning of the XX century, most of the so far found
remains were isolated and fragmentary, and only some of
them, described during the 1980s and 1990s, could be identi-
fied at genus or species level. The finding of new fossil sites
and the publication of new sauropterygian taxa in recent
years has allowed us to perform here a review and an update
of the fossil record of this group in the Iberian Triassic.

All the major clades of Triassic sauropterygians
known worldwide are present in the Iberian Peninsula:
placodonts, pistosauroids, pachypleurosaurs and nothosau-
roids. At least 13 different sauropterygian taxa are identi-
fied here for the Iberian Triassic record: three different
forms of placodonts (indeterminate “placodontoids”, the
genus Psephosauriscus and Parahenodus atancensis), an
indeterminate pistosauroid, two probable different pachy-
pleurosaurs, two different simosaurids (Paludidraco multi-
dentatus and an indeterminate simosaurid not attributable
to it), and five members of Nothosauria, including two
different indeterminate species of Nothosaurus, two forms
of Lariosaurus (L. balsami and an indeterminate species
of Lariosaurus that differs from it) and Hispaniasaurus
cranioelongatus. This number could be higher if the genus
Psephosauriscus, with uncertain phylogenetic affinities,
does not belong to the clade Placochelyidae, due to pla-
cochelyid remains have been also identified in the Iberian
Triassic. The previously considered presence of the pla-
codont genera Paraplacodus and Henodus in the Iberian
record, and the validity of Nothosaurus cymatosauroides,
cannot be currently supported.
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Appendix

Sauropterygian fossil taxa from the Triassic of the Iberian
Peninsula recognized here:
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Sauropterygian fossil taxa from the Triassic of the Iberian Peninsula recognized here:
Sauropterygia
Placodontia
“Placodontoidea” indet.
Cyamodontoidea
Psephosauriscus sp.
Parahenodus
Parahenodus atancensis
Placochelyidae indet.
Eosauropterygia
Pistosauroidea indet.
Pachypleurosauria indet.

Pachypleurosauria indet. sp. 1

Pachypleurosauria indet. sp. 2?
Nothosauroidea
Simosauridae
Simosauridae indet. sp. 1
Paludidraco
Paludidraco multidentatus
Nothosauria
Hispaniasaurus
Hispaniasaurus cranioelongatus
Nothosauridae
Nothosaurus
Nothosaurus cf. mirabilis
Nothosaurus cf. giganteus
Lariosaurus

Lariosaurus (Ceresiosaurus) sp.

Lariosaurus balsami
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