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ARTICLE

NOVEL RECORD OF PLACODONT REMAINS INCLUDING A HENODUS CRANIUM FROM THE 
UPPER TRIASSIC SILVES GROUP OF THE ALGARVE, SOUTHERN PORTUGAL
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ABSTRACT—Recent fieldwork in the Upper Triassic deposits of the Silves Group in the Algarve, southern Portugal 
revealed novel cyamodontid placodont material. The collection includes a partial skull and numerous isolated armor 
plates from four localities in Silves and Loulé municipalities. The skull shows a strong affinity to henodontid placodonts, 
especially to Henodus chelyops from Tübingen-Lustnau in Germany. It shares features such as a rectangular outline of the 
cranium, occurrence of a broad spatulate rostrum, and toothless maxillae with curved longitudinally extending grooves. 
The only unambiguous difference observed pertains to the more robust and convex snout shape of the new specimen. 
Based on these multiple similarities, the specimen is identified as Henodus sp., but poor preservation prevents species- 
level identification. The new specimen from Portugal represents the second record of Henodus and illustrates a wider 
geographic distribution of that genus, extending beyond the Germanic Basin and reaching coastal areas near the 
westernmost branch of the Neotethys. The age of the deposits where the cranium was found is not well-established but 
refers to a time interval within the upper Carnian–Rhaetian, suggesting the specimen may be younger than other 
henodontid records. The novel Henodus material found in the continental, but likely the near-coastal depositional setting, 
concurs with the known records of brackish to the freshwater habitat of the other henodontid placodonts. The occurrence 
of abundant armor plates assigned to Cyamodontidae at multiple sites and stratigraphic horizons indicates that placodonts 
were common in the south Iberian margin.
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INTRODUCTION

The Triassic was an important period for vertebrate commu
nities, which underwent a substantial change in faunal compo
sition and ecological structure (e.g., Benton, 2014; Benton & 
Wu, 2022). In the aftermath of the Permian–Triassic extinction, 

novel taxa took over the dominance in the seas (Benton & Wu, 
2022; Benton et al., 2013). Among them were several lineages 
of the Mesozoic marine reptiles, which as a result of the broad 
success in adaptation to marine environments underwent their 
first major radiation. Consequently, new taxa evolved including 
ichthyopterygians, thalattosaurs, and sauropterygians (Motani, 
2009; Renesto & Dalla Vecchia, 2018; Rieppel et al., 2000; 
Scheyer et al., 2014). Sauropterygia Owen, 1860, constituted 
the monophyletic sauropsid group within the proposed clade 
Sauropterygomorpha Wolniewicz et al., 2023, which quickly 
diversified during the Triassic. The main representatives of Saur
opterygia were placodontiforms, including placodonts, and 
eosauropterygians. The latter encompassed nothosauroids, 
pachypleurosaurs, and pistosauroids (Benton, 2014; Motani, 
2009; Rieppel et al., 2000).

Placodonts were turtle-like (including armored and carapace- 
lacking taxa), medium-sized, usually around 1–2 m long reptiles 
with uncontested fossil record bracketing the early Middle to 
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latest Triassic (Neenan et al., 2013, 2015; Norden et al., 2015; 
Pinna, 1990; Pinna & Nosotti, 1989; Rieppel et al., 2000). Those 
marine reptiles inhabited shallow seas of the north-western and 
north-eastern Tethys, which correspond to the occurrences in 
the modern areas of Europe (i.e., Buffetaut & Novak, 2008; de 
Miguel Chaves et al., 2015, 2020a; Gere et al., 2020; Klein & 
Scheyer, 2013; Neenan & Scheyer, 2014; Norden et al., 2015; 
Pinna & Mazin, 1993; Pinna & Nosotti, 1989; Rieppel, 2001, 
2002b; Rieppel et al., 2000), Middle East (Haas, 1967, 1969; 
Rieppel, 2002b), and East Asia (Jiang et al., 2008; Li & 
Rieppel, 2002; Wang et al., 2019a, 2019b, 2020; Zhao et al., 
2008). During the Anisian stage, placodonts diversified into the 
placodontids–a carapace-lacking group traditionally referred to 
as Placodontoidea von Nopcsa, 1923, but often resolved as para
phyletic, and the monophyletic Cyamodontoidea von Nopcsa, 
1923 (Wang et al., 2019a, 2020, 2022).

In contrast to the representatives of placodontoids, the cyamo
dontoid placodonts possessed a well-developed carapace com
posed of dermal armor plates (Rieppel, 2002b; Scheyer, 2007; 
Wang et al., 2020; Westphal, 1976), while a few representatives 
also developed a plastron (Rieppel, 2002b; Westphal, 1976). Their 
shells were overall similar in shape to those of turtles, or bipartite 
like in Cyamodus (Rieppel, 2002b; Scheyer, 2010). Unlike in 
turtles, the placodont carapaces were not fused with the ribs and 
vertebrae, instead being sustained by the expanded transverse pro
cesses of vertebrae (Lyson et al., 2016; Rieppel, 2002b; Scheyer, 
2010; Schoch & Sues, 2020). Most placodont representatives were 
characterized by robust wide skulls with large temporal fenestrae 
and massive flattened oval tooth plates, constituting adaptations 
to a durophagous diet (Maisch, 2020; Pommery et al., 2021; 
Rieppel, 2002a; Scheyer et al., 2011). Those features combined 
with a pachyostotic skeleton suggest that those animals were 
bottom dwellers consuming hard-shelled invertebrate prey 
(Pommery et al., 2021; Rieppel, 2002a; Scheyer et al., 2011).

One of the most morphologically distinct yet extremely rare and 
poorly understood groups among Cyamodontoidea are the heno
dontid placodonts. Henodontidae von Huene, 1936, is represented 
by Henodus chelyops von Huene, 1936, and Parahenodus atancen
sis de Miguel Chaves et al., 2018a. H. chelyops is exclusively known 
from the lower Carnian deposits of Goldersbach, located near 
Tübingen-Lustnau in southwestern Germany, where seven skulls 
and eight almost complete skeletons were found (Fischer, 1959; 
Pommery et al., 2021; von Huene, 1936, 1938, 1958; Werneburg, 
2021; Werneburg & Böhme, 2018). The second henodontid 
species, P. atancensis, is known solely from the posterior part of 
the cranium (de Miguel Chaves et al., 2018a, 2020c) recovered in 
the early Carnian locality El Atance in Spain (García-Ávila 
et al., 2021). Parahenodus has been recovered from restricted 
marine lagoonal deposits (García-Ávila et al., 2021), while 
Henodus remains are derived from brackish to freshwater settings 
(Aigner & Bachmann, 1989; Pommery et al., 2021; Reif & Stein, 
1999; Reiff, 1937), differentiating both taxa from remaining repre
sentatives of Placodontia recorded in shallow marine facies 
(Rieppel, 2002b; Rieppel et al., 2000; Scheyer et al., 2011).

Henodus chelyops skeleton can be distinguished based on the 
massive fusiform carapace composed of equilateral to elongated 
hexagonal dermal armor plates and gracile short limbs (Rieppel, 
2002b; von Huene, 1936, 1938; Werneburg, 2021; Westphal, 
1976). Exhibiting multiple autapomorphies, the broad but flat 
rectangular-shaped skull is characterized by a reduced dentition 
to the pair of palatine teeth, occurrence of maxillary grooves, a 
cutting edge with neomorphic denticles on the premaxillae, and 
reduced to closed temporal fenestrae (Pommery et al., 2021; 
Reif & Stein, 1999; Rieppel, 2001, 2002a; Rieppel et al., 2000; 
von Huene, 1936). The cranial fragment of P. atancensis also exhi
bits reduced dentition and temporal fenestrae, but at the same 
time preserves the plesiomorphic cranial shape characteristic 
for cyamodontoid placodonts consisting of the anteriorly 

narrowing rostrum (de Miguel Chaves et al., 2018a, 2020c). The 
distinctly different skull morphology from remaining representa
tives of Cyamodontidae suggests henodontid placodonts occu
pied different ‘niches,’ likely either as filter-feeders, herbivores, 
or generalists (Chun et al., 2016; Gere et al., 2024; Pommery 
et al., 2021; Reif & Stein, 1999; Rieppel, 2002a).

The substantially scarce material of Henodontidae and its 
remarkably distinctive morphological characters make the 
interpretation of the evolutionary history, paleobiology, and 
paleobiogeography of that clade especially challenging. Thus, 
any new record of henodontid placodonts has the potential to 
largely improve the knowledge about these enigmatic animals. 
In the present paper, we present such material from the Algarve.

The vertebrates of the Triassic of the Algarve have been 
known since at least 1895 from São Bartolomeu de Messines 
(Silves Municipality) but were not published as such. In 1897, 
Henri-Émile Sauvage published one of the first major studies 
on fossil vertebrates in Portugal, based on the specimens sup
plied by Paul Choffat from the Portuguese Geological Surveys 
(nowadays LNEG). Although he did not report any Triassic ver
tebrates, the letter from Paul Choffat to Sauvage dated July 30, 
1895 (LNEG archive unpublished archived letter, reference PT 
LNEGCG03.01.49), lists all fossil vertebrates stratigraphically 
ordered. This six-page list includes the existence of vertebrates 
from the Triassic of São Bartolomeu de Messines but lacks any 
further taxonomic identification. Choffat later mentioned that 
he never visited the locality himself (1904:84).

In the 1970s, Christian Palain briefly noted in his doctoral 
thesis, that stegocephalian remains (Palain, 1976:117, pL VIII, 
fig. 4) were recovered west to São Bartolomeu de Messines. 
This material has remained unpublished in the Geological 
Museum in Lisbon ever since and is here addressed (see 
below). The Triassic vertebrate site of São Bartolomeu de Mes
sines was for the first time studied in more detail by Russell 
and Russell (1977), who also recovered more bone fragments. 
It is unclear whether the fossil site described by Russell and 
Russell (1977) is the same one that Choffat reported.

More to the east, in Loulé Municipality, further prospecting 
was conducted in 1979 and 1980 by Thomas Schröter as part of 
his thesis. The collected fossils of this thesis represent temnos
pondyl material and were described by Witzmann and Gassner 
(2008). During the first large-scale excavations in the Upper 
Triassic of the Algarve conducted in the 2010s at the site near 
Rocha da Pena, novel vertebrate material has been discovered. 
That included a mandible and isolated teeth of a phytosaur 
(Mateus et al., 2014) and numerous temnospondyl remains 
derived from the bonebed, assigned to a new species, Metopo
saurus algarvensis (Brusatte et al., 2015).

Continued fieldwork, focusing on carbonate beds at the Penina 
and Vale de Álamo sites as well as localities in São Bartolomeu 
de Messines and Vale Vinagre, revealed the occurrence of iso
lated cyamodontoid dermal armor plates (Campos & Mateus, 
2018; Rucinśki, 2020). These included the elongated hexagonal 
types (Campos & Mateus, 2018), resembling the armor plates 
located in the central part of the H. chelyops carapace 
(Campos & Mateus, 2018; von Huene, 1936, 1938; Westphal, 
1976). In 2018, a fragment of a henodontid cranium was found 
at the Vale de Álamo site by Jorge Graça and donated to 
Museu Municipal de Loulé. The main aim of the present study 
was to provide an osteological description and taxonomic 
interpretation of this cranial fragment, which reveals affinity to 
henodontid placodonts. Moreover, among the postcranial 
elements recovered, we present the material which can be at 
this point unambiguously attributed, as armor dermal plates, to 
cyamodontoid placodonts. Lastly, we discuss the implications of 
the novel material on paleobiogeography, temporal range, and 
paleoecology of henodontid placodonts, as well as the integration 
of placodont material into the local paleontological context.
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GEOLOGICAL SETTING

The placodont material was found at four sites located in the 
Algarve region, southern Portugal, including Penina and Vale 
do Álamo near Rocha da Pena, São Bartolomeu de Messines, 
and Vale Vinagre (Fig. 1A–C). All investigated outcrops rep
resent the Upper Triassic deposits of the Algarve Basin 
(Azerêdo et al., 2003; Brusatte et al., 2015; Palain, 1976, 1979; 
Rocha, 1976; Terrinha et al., 2006, 2019). Those deposits were 
originally assigned to the informal unit ‘Gres de Silves’ by 
Choffat (1887), which is now substituted by the overall stratigra
phically equivalent term ‘Silves Group’ of the Algarve Basin 
(Fig. 1D) (Soares et al., 2012).

There are several stratigraphic divisions of the early Mesozoic 
portion of the Algarve Basin (Manuppella, 1992; Palain, 1976, 
1979; Pratsch, 1958; Rocha, 1976; Teixeria, 1942), which were 
summarized by Azerêdo et al. (2003). Here we adopt the most 
recent terminology of Vilas-Boas et al. (2021, 2022, 2024), 
which is based on the stratigraphic divisions proposed by Manup
pella (1992). Based on those interpretations, the Early Mesozoic 
succession of the Algarve can be divided into three main units 
starting with Silves Sandstones (also known as ‘Gres de Silves’ 
sensu Rocha, 1976, or unit AB1 sensu Palain, 1976, 1979) corre
sponding to the sandstones and conglomerates deposited in 
fluvial settings. The latter unit is overlaid by the Silves Marl- 

Carbonate Evaporitic Complex (AB2 unit sensu Palain, 1976, 
1979) representing coastal mudflat with fine-grained siliciclastic, 
carbonate, and evaporite deposition (Azerêdo et al., 2003; 
Palain, 1979; Terrinha et al., 2019; Vilas Boas, 2023; Vilas-Boas 
et al., 2021, 2024). The upper portion of the Silves Group consists 
of the Volcano-Sedimentary Series built of volcaniclastic and vol
canic rocks, interpreted to be related to the Central Atlantic 
Magmatic Province (Martins et al., 2008; Pérez-López et al., 
2021; Verati et al., 2007; Youbi et al., 2003).

Based on the interpretations of Palain (1976, 1979) and Russel 
and Russel (1977), the São Bartolomeu de Messines (SBM) 
outcrop (Figs. 1D, S10–S11), composed of lutites (mudstones to 
very fine sandstones) and thin carbonates, might represent the 
locally occurring basal part of Silves Sandstone, currently 
termed as São Bartolomeu de Messines Claystones (unit AA 
sensu Palain, 1976, 1979). Thus, it may correspond to the base 
of Silves Group in the Algarve, recently dated as Carnian 
(Vilas-Boas et al., 2022). However, the absence of distinct 
layers that could enable correlation with other outcrops leaves 
the stratigraphic position of the SBM outcrop uncertain 
(Campos et al., 2017). Penina and Vale do Álamo sites are attrib
uted to the upper portion of the Silves Marl-Carbonate Evapori
tic Complex (Figs. 1D, S12–S13). This unit has been referred to 
be Carnian–Norian age (Brusatte et al., 2015), with recent paly
nological data implying upper Carnian to Rhaetian and possibly 

FIGURE 1. Geographic and stratigraphic contexts of the Late Triassic material investigated from the Algarve region in southern Portugal. A, map of 
the Iberian Peninsula with indicated location of the Algarve region. B, map of the Algarve with Triassic exposures (modified from LNEG Geological 
Map of the Algarve Region, scale 1:100,000). C, geological map (modified from LNEG Geological Map of the Algarve Region, scale 1:100,000, 1992) 
showing localities where cyamodontoid placodont material has been found (indicated by stars). D, synthetic stratigraphy of the Silves Group in the 
Algarve Basin (after Manuppella, 1992) with English terminology and chronostratigraphic ascriptions of Vilas-Boas et al. (2024). SBM site is here 
tentatively attributed to ‘São Bartolomeu de Messines Claystones’ (the locally occurring basal unit of Silves Sandstone, which is (likely lower) 
Carnian in age; Vilas-Boas et al., 2021) following historical ascription (AA unit sensu Palain, 1976, 1979). However, the stratigraphic placement of 
the SBM site remains uncertain, with the alternative possibility of assignment to the Silves Marl-Carbonate Evaporitic Complex still under consider
ation. VA and RP sites correspond to Silves Marl-Carbonate Evaporitic Complex, estimated to be upper Carnian to Rhaetian-Hettangian in age (AB2 
unit sensu Palain, 1976, 1979). The fossiliferous beds from the sites investigated are at this point attributed to the upper portion of the latter unit; 
however, the occurrence of a local hiatus in the section is also possible. VV site lacks precise stratigraphic assignation but refers to the Triassic deposits 
of the Silves Group. Abbreviations: RP, Rocha da Pena; SBM, São Bartolomeu de Messines; VA, Vale do Álamo; VV, Vale Vinagre.
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even up to Hettangian age range (Vilas-Boas et al., 2024). 
However, the exact age of Penina and Vale do Álamo deposits 
remains uncertain due to the lack of biostratigraphically reliable 
and informative taxa, and a problematic regional correlation 
with already dated sites. The so-far recorded faunal assemblage 
appears to be most concordant with the Carnian–Norian age; 
nonetheless, younger age cannot be excluded at this point. Stra
tigraphy of the Vale Vinagre site has not yet been established, 
thus its precise age remains unsure, although lithological charac
teristics resembling deposits of the Silves Marl-Carbonate Eva
poritic Complex point to the Upper Triassic age.

The herein-described specimens were found at multiple hor
izons of gray to light green calcareous siltstones/claystones or 
palustrine carbonate beds (see Figures and descriptions in Sup
plementary File 1). Those layers are usually thin (10–20 cm) 
and constitute the part of the rock sequences mostly composed 
of variegated, but prevalently red to brown mudstones inter
bedded with carbonates and evaporites (Figs. S1–2, S8–S11). 
The deposition of those layers took place under a semi-arid 
climate in the floodplain to palustrine environments, likely in 
the coastal area in proximity to the western-most branch of the 
Neotethys (Azerêdo et al., 2003; Lopes, 2014; Palain, 1976; 
Rucinśki, 2020; Vilas-Boas et al., 2024).

MATERIAL AND METHODS

Fossil Specimens and Preparation

Studied samples include armor plates and fragments of bones 
collected during the authors’ fieldwork, a revised specimen (MG 
specimen unnumbered) collected by and briefly mentioned by 
Palain (1976), and the donated specimen ML. A9182 (ML =  
Museu Municipal de Loulé, Portugal). Most of the gathered col
lection (a few dozen specimens) is represented by fragments of 
dermal armor plates.

The herein presented collection comprises the cranial frag
ment with associated armor dermal plate (ML. A9182), an 
example of five better preserved isolated dermal plates (FCT- 
UNL 628; 630; 715; 717; 719), and a block containing numerous 
dermal plates and bone fragments of variable state of preser
vation (FCT-UNL 714). Moreover, a specimen from Museu Geo
lógico de Lisboa (MG specimen unnumbered) consisting of a 
small limestone block with fragments of armor plates, originally 
collected by Palain (1976) and identified (briefly described but 
not depicted) as stegocephalian indeterminate elements, is 
herein redescribed.

Specimens were collected from both isolated blocks and 
directly from fossiliferous layers. The cranial fragment ML. 
A9182 was found by Jorge Graça on the slope of Vale do 
Álamo exposure (Fig. S1) in an isolated block (Fig. S6), which 
he donated to Museu Municipal de Loulé in 2019. Based on sedi
mentological (Figs. S2, S3) and geochemical investigations (Figs. 
S4, S5), the stratigraphic position from which ML. A9182 is most 
likely derived was identified (Fig. S2). The remaining specimens 
are deposited at the Departamento de Ciências da Terra of Facul
dade de Ciências e Tecnologia of Universidade Nova de Lisboa. 
The block FCT-UNL 714 (field number: Messines 10), containing 
the cyamodontoid specimens from the layer IC1722-2 and col
lected in São Bartolomeu de Messines, was extracted after cover
ing it with a jacket of plaster and burlap. In Vale Vinagre, two 
dermal armor plates were found in an isolated carbonate block.

Specimen ML. A9182 and other newly obtained specimens 
were prepared in Dinoparque Lourinhã, Departamento de Ciên
cias da Terra of Faculdade de Ciências e Tecnologia of Universi
dade Nova de Lisboa, and the laboratory at Museu da Lourinhã, 
using air scribes of different sizes and tungsten needle. In the case 
of a few specimens, 10% hydrochloric acid (HCl) was used to dis
solute the carbonated parts of rock covering fossils (performed at 

Departamento de Ciências da Terra of Faculdade de Ciências e 
Tecnologia of Universidade Nova de Lisboa). The hydrochloric 
acid was applied by a brush on the rock to ensure a small 
amount of acid was delivered in the specific places. In case of 
appearing breakages, the 5% and 50% Paraloid B-72 diluted in 
acetone was used as consolidation. Big cracks occurring in 
fossils were filled with 50% and 70% Paraloid B-72. While pre
paring the block FCT-UNL 714, the cracks were filled with poly
ethylene glycol (Carbowax) to retain the block consistency.

Documentation and a 3D Visualization

Specimens were photographed with Canon EOS 50D. Photo
graphs and illustrations were further processed and compiled 
into figures in Adobe Illustrator CS6 and Inkscape (v.1.3.2). 
ML. A9182 was photographed before (Fig. S6), during (Figs. 
S6, S7), and after the preparation (Figs. 4–6).

A 3D photogrammetry model of ML. A9182 has been obtained 
in Reality Capture (version 1.4). In total, 418 photos of the ML. 
A9182 were taken. Photos were aligned using a medium image 
overlap setting and a maximum 40,000 features per image. A 
high-detail model was processed resulting in 15 million vertices 
and 29.8 million polygons. The model was textured using the 
maximal texture count method and triangle removal threshold 
set at 10,000 resulting in one texture count with a resolution of 
16,384 × 16,384 pixels. For easier use, the model was further sim
plified to two versions with 4 million and 750,000 polygons. In 
the case of both models, they were unwrapped, and texture was 
reprojected from the highest quality model resulting in one 
texture count of 8192 × 8192 pixels. Models were exported in ply. 
format. The 750,000-polygon model is available as Supplementary 
File 7 and the online version of this article. The 4 million polygon 
model can be accessed via Morphobank project 5220 at http:// 
morphobank.org/permalink/?P5625. Renders of ML. A9182 
digital version based on the original high-detail photogrammetry 
model are available in the Supplementary materials (Figs. S8, S9).

Phylogenetic Analyses

For phylogenetic analysis in TNT (version 1.6, January 2024), 
one primary and three secondary data matrices (presented in 
Supplementary Files) were used to test the relationships of 
ML. A9182. The secondary datasets include a hypothetical all- 
zero ancestor as an outgroup taxon, which makes them subopti
mal for analyzing real-world scenarios. However, by encompass
ing varying degrees of taxonomic inclusiveness and incorporating 
both total and cranial-only character matrices, these complemen
tary analyses enable testing the phylogenetic placement of ML. 
A9182 across different scenarios and facilitate comparisons 
with previously obtained results on placodont phylogeny.

The first analysis (Analysis 1) was performed based on the 
comprehensive, species-based, diapsid dataset of Wang et al. 
(2022), which represents an extended dataset of Neenan et al. 
(2015) and Wang et al. (2019a). This dataset was selected for 
its extensive coverage of Mesozoic diapsids, including the most 
up-to-date scoring of placodonts. The dataset includes Youngina 
capensis as an outgroup. In total, 181 morphological characters 
and 63 taxa including ML. A9182 were analyzed (Supplementary 
File 3).

A second analysis (Analysis 2) was performed based on the 
comprehensive diapsid dataset of Neenan et al. (2015) with 
modifications by Wang et al. (2019a). This dataset includes taxa 
at various taxonomic levels, encompassing species, genera, and 
larger suprageneric clades, with an all-zero ancestor as an out
group taxon. The data matrix included 140 cranial and postcra
nial characters and 54 taxa including ML. A9182 
(Supplementary File 4). The scoring of character 29 was 
changed for Henodus chelyops from (01) to (34) based on the 
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observation of seven skull specimens (GPIT-PV-30001–GPIT- 
PV-30007). This analysis was used to assess how the character 
set from Wang et al. (2022) and the taxonomic inclusivity of 
the selected taxa influenced the phylogenetic placement of ML. 
A9182.

A third matrix (Analysis 3) of 63 cranial characters was 
obtained from the cranial dataset of Neenan et al. (2015). Includ
ing data on ML. A9182 and Parahenodus atancensis (de Miguel 
Chaves et al., 2018a), a total of 18 placodont species were com
pared, with an all-zero ancestor as an outgroup taxon (Sup
plementary File 5). This dataset was chosen due to its focus on 
cranial characters, reducing the amount of non-scorable charac
ters for ML. A9182. The results of this analysis were compared 
with a revised scoring (Analysis 4) of H. chelyops (Supplemen
tary File 6, for an explanation of changes in scoring see Sup
plementary File 1).

The traditional search was applied with 1000 replications of 
Wagner trees together with the branch swapping (TBR) 
options with 10 trees saved for replication. All character states 
had the same weight and were unordered. Based on the obtained 
data, a consensus tree was created. CI, RI, and RC were calcu
lated, as well as Bremer and bootstrap decay values (number 
of replicates: 1000) to assess the robustness of support for each 
node. The data matrices were edited using Mesquite Version 
3.81 (Maddison & Maddison, 2011). Data matrices and phyloge
netic trees are presented in the Supplementary Files. The data 
matrices, characters list, and additional images are also available 
in Morphobank project 5220 at http://morphobank.org/ 
permalink/?P5625.

Institutional Abbreviations—FCT-UNL, Faculdade de Ciên
cias e Tecnologia, Universidade Nova de Lisboa, Caparica, Por
tugal; GPIT, Paläontologische Sammlung der Universität 
Tübingen, Tübingen, Germany (acronym based on the former: 
Geologisch-paläontologisches Institut der Universität Tübin
gen); MG, Museu Geológico, Lisbon, Portugal; ML, Museu 
Municipal de Loulé, Loulé, Portugal.

SYSTEMATIC PALEONTOLOGY

SAUROPTERYGIA Owen, 1860
PLACODONTIFORMES Neenan, Klein, and Scheyer, 

2013
PLACODONTIA Cope, 1871
CYAMODONTOIDEA indet.

(Figs. 2, 3)

Material—Isolated dermal plates or their fragments rep
resented in this work by the five best-preserved specimens 
(FCT-UNL 628; 630; 715; 717; 719); isolated dermal plate in 
ML. A9182 block also containing the cranial fragment; block 
with dermal plates and unidentified bone fragments (FCT-UNL 
714), uncataloged specimen from Museo Geologico in Lisbon 
consisting of block with fragmentary armor plates (see Table 
S1 for details regarding the presented material).

Locality—Rocha da Pena (Municipality of Loulé, Parish [Fre
guesia] of Benafim, ca. 37.2516°N, −8.1109°W); Vale do Álamo 
(Municipality of Loulé, Parish [Freguesia] of Salir, ca. 37.249° 
N, 8.107°W); Vale Vinagre Municipality of Loulé, Freguesa of 
Alte, ca. 37.251611°N, 8.217278°W), and São Bartolomeu de 
Messines IC1722 (Municipality of Silves, Freguesia of São Barto
lomeu de Messines (ca. 37.254°N, 8.273°W).

Horizon and Age—Silves Group, possibly São Bartolomeu de 
Messines Claystones (also known as AA unit sensu Palain (1976, 
1979)—basal part of Silves Sandstones, (likely early) Carnian; 
Upper Triassic; Silves Marl-Carbonate Evaporitic Complex 
(also known as AB2 unit sensu Palain (1976, 1979) or ‘Pelitos 
com evaporitos e intercalações carbonatadas’ sensu Manuppella 

(1992); Upper Triassic (age uncertain, within upper Carnian– 
Rhaetian). 

CYAMODONTIDA von Nopcsa, 1923
HENODONTIDAE von Huene, 1936

HENODUS sp.
(Figs. 4–7)

Material—ML. A9182 representing a large fragment of a 
cranium, missing the premaxillae, right lateral, and the pos
terior-most portion of the skull.

Locality—Vale do Álamo near Rocha da Pena, Municipality of 
Loulé, Parish [Freguesia] of Salir, the Algarve, southern Portu
gal, approximated coordinates 37.249°N, 8.107°W.

Horizon and Age—Silves Group, upper part of Silves Marl- 
Carbonate Evaporitic Complex (also known as AB2 unit sensu 
Palain 1976, 1979) or ‘Pelitos com evaporitos e intercalações car
bonatadas’ sensu Manuppella (1992); Upper Triassic.

DESCRIPTION AND COMPARISON

Armor Plates

Description—The cyamodontoid fossil record of the Algarve 
includes numerous isolated dermal armor plates, which consti
tuted elements of the carapace (Fig. 2A–I). The largest complete 
specimen (FCT-UNL 715) is 4.6 cm long, 2.7 cm wide, and 0.3 cm 
thick (Fig. 2B). The smallest nearly complete (Fig. 2H) armor 
plate (FCT-UNL 717) is 3.3 cm long, 2.1 cm wide, and 0.3 cm 
thick (an armor plate within the block ML. A9182 represents a 
smaller plate but is incomplete.) The collected material is com
posed of armor plates of different shapes and highly varying 
degrees of preservation. The best-preserved armor plates can 
be divided into two morphotypes: (1) a hexagonal, but laterally 
expanded type, being approximately two times wider than long 
(Fig. 2A–F), and (2) a mostly hexagonal or heptagonal, equilat
eral type of bone plates (Fig. 2G–I).

The margins of most of the elongated hexagonal dermal plates 
(morphotype 1) are overall poorly preserved, exhibiting signs of 
breakage or cracking. Some specimens have a minute millimeter- 
size, laterally extending triangular protrusions (Fig. 2A), being 
well-developed within one of the dermal plates’ margins, with 
the remaining edges of the bone plates exhibiting straight 
borders (Fig. 2A). However, in the case of worse-preserved 
specimens of this morphotype (represented by FCT-UNL 715), 
protrusions are not visible (Fig. 2B). The described protrusions 
refer to interdigitating sutures between the plates originally 
forming a carapace (de Miguel Chaves et al., 2020a; Rieppel 
2002b). All bone plates of morphotype 1 are planar with either 
smooth surfaces or very weakly developed radial striations com
posed of minute ridges and grooves, with locally observed milli
meter-scale pitting (Fig. 2A–E).

The equilateral hexagonal or heptagonal armor plates (mor
photype 2; represented by FCT-UNL 628, FCT-UNL 717, and 
armor plate from ML. A9182 block), have straight or slightly 
undulating margins (Fig. 2G–I). In the case of the FCT-UNL 
628 (Fig. 2G) the medial portion of the armor plate is slightly 
upraised and keeled resulting in a low-triangle shape in the trans
verse section. The low keel extends longitudinally throughout 
most of the preserved part of the medial extent of the armor 
plate (Fig. 2G). The dorsal surface within the central area of 
the armor plate is strongly perforated. Distally, the surface sculp
ture is dominated by radial ornamentation composed of minute 
irregular ridges and grooves (Fig. 2G).

A specimen from São Bartolomeu de Messines was originally 
identified as a rock fragment containing stegocephalian remains 
(Palain, 1976). This specimen is here redescribed as an 
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accumulation of cyamodontoid placodont armor plates (Fig. 2E, 
F). One armor plate is well exposed within the limestone block 
and is characterized by distinct elongation, flat surface with 
pitting, and very faint radial striation, resembling other armor 
plates assigned to morphotype 1 (Fig. 2E). This better-exposed 
plate is slightly larger compared with other specimens studied, 
as the maximal diameter of the preserved part is 5.4 cm. The 
specimen is incomplete as it lacks a large portion of the 
armor plate’s margin. Most other plates are embedded in the 
limestone block with only cross sections visible (Fig. 2F). 
These preserved fragments of armor plates exhibit larger thick
ness than other armor plates studied, with thickness ranging 
between 0.3–0.6 cm.

Most of the recovered dermal armor plates at all sites were 
found as isolated elements, collected either as specimens 
embedded within carbonate or carbonated mudstone rocks or 
at the surface of the outcrop. The exception is FCT-UNL 714, 

found in São Bartolomeu de Messines, which consists of a 
block of sediment with a large concentration of mostly fragmen
ted armor plates and unidentified bone fragments of small 
dimensions, not exceeding 5 cm (Fig. 3A). The block has 89 
bones, mostly armor plates. All bone plates are disarticulated. 
The most complete armor plate preserved in this block has a hex
agonal shape, with 3.8 cm in length and 2 cm in width (Fig. 3B). 
Like other better-preserved specimens from morphotype 1, it 
presents a combination of straight as well as serrated margins, 
with the latter likely referring to interdigitating sutures. Most 
other fragments present an angular shape. Some of those speci
mens exhibit slight radial ornamentation. Most armor plates 
are in a sub-horizontal position, but some are inclined up to 
45°. Considering the spatial distribution, number, and disarticu
lation of armor plates, it is likely that the bones in the accumu
lation represent hydrodynamically re-deposited elements 
coming from various individuals.

FIGURE 2. Cyamodontoid placodont dermal armor plates recovered from the Upper Triassic deposits of the Algarve Basin. A–F, hexagonal 
elongated armor plates assigned to Cyamodontoidea cf. Henodus. They refer to morphotype 1 discussed in the text, which exhibits similarity to 
plates from the central portion of the Henodus chelyops carapace. A, armor plate (FCT-UNL 719) from Rocha da Pena site. B, armor plate (FCT- 
UNL 715) from Rocha da Pena site. C, armor plate (FCT-UNL 630) from the Vale do Álamo site. D, armor plate of Cyamodontoidea cf. Henodus 
from Vale Vinagre was observed in an isolated limestone block. E, F, armor plates described by Palain (1976) from São Bartolomeu de Messines 
as stegocephalian, herein attributed to Cyamodontoidea cf. Henodus (MG specimen unnumbered). G–I, equilateral hexagonal armor plates assigned 
to Cyamodontoidea indet. referring to morphotype 2. G, armor plate (FCT-UNL 628) from Rocha da Pena site. H, armor plate (FCT-UNL 717) from 
Rocha da Pena site. I, armor plate from the block containing ML. A9182 from Vale do Álamo site.

Rucinśki et al.—Placodont remains from Portugal (e2460445-6)



FIGURE 3. Block with a large concentration of cyamodontoid placodont armor plates and other undetermined bone fragments (FCT-UNL 714) from 
layer IC1722-2 of the stratigraphic section 1 observed in São Bartolomeu de Messines, municipality of Silves. A, photograph of the block FCT-UNL 
714. B, close-up of one of the more complete armor plates from the FCT-UNL 714. This specimen is assigned to morphotype 1, thus referring to Cya
modontoidea cf. Henodus.

FIGURE 4. Cranium of Henodus sp. (ML. A9182) from the Late Triassic of the Algarve, southern Portugal. A, photograph in ventral view. B, same 
photograph with anatomical labels. Abbreviations: j, jugal; mx, maxilla; mxg, maxillary grove; pl, palatine; pm, premaxilla; pt, pterygoid; qj, quadra
tojugal; r, recess; tf, temporal fenestra; v, vomer. Scale bar equals 20 mm.
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Comparison—The dermal armor plate material from the 
Upper Triassic of the Algarve is similar to cyamodontoid placo
donts by the following characters: (1) hexagonal or heptagonal 
outline, (2) surface morphology varying from smooth to faintly 
marked ornamentation composed of minute foramina and 
radial groove and ridge pattern, (3) centimeter-sized plates, 
which do not excess 5 cm in diameter and are a few millimeters 
in thickness, and (4) in the case of the FCT-UNL 628, the occur
rence of the low rounded keel occurring on bone plates as known 
from some placodont representatives (Rieppel, 2002b).

Although placodont armor plates may superficially resemble 
osteoderms of other tetrapods, previous histological studies indi
cate that they are most likely non-homologous structures 
(Scheyer, 2007; Scheyer and Klein 2021), at least on a macro
scopic level. However, placodont armor plates can also be distin
guished based on external morphology (e.g., de Miguel Chaves 
et al., 2020a; Rieppel 2002b).

Archosaurs represented by various groups, including phyto
saurs, crocodylomorphs, and aetosaurs, possessed osteoderms 
with distinctly marked pit and ridge patterns, often with a pro
nounced well-developed keel (see works in Nesbitt et al., 
2013). Those features are either lacking (pit and ridge 
pattern) or are much less developed (keel in some specimens) 
in the armor plates of placodonts. Moreover, archosaur osteo
derms often differ from plates of placodonts in shape, usually 
having rectangular or oval outlines (see works in Nesbitt 
et al., 2013).

The other group, which possessed the bone plate at the time 
of the Triassic were early turtles. Scutes of turtles are distinct 
from the cyamodontoid osteoderms by either being polygonal, 
but at the same time usually largely irregular or distinctly 
elongated (de la Fuente et al., 2021; Gaffney, 1990; Szczygielski 
& Sulej, 2016). Most turtle dermal plates are distinctly larger 
than in the case of placodonts, only with some of the marginal 
ones possibly having approximate sizes (de la Fuente et al., 
2021; Gaffney, 1990; Szczygielski & Sulej, 2016).

Saurosphargidae, a clade of highly discussed and uncertain 
phylogenetic position (Cheng et al., 2022; Li et al., 2014; 
Scheyer et al., 2017) and similar body construction to placo
donts is also known to possess osteoderms (Cheng et al., 
2022; Li et al., 2011, 2014; Scheyer et al., 2022; Wolniewicz 
et al., 2023). The osteoderms of saurosphargids display a 
wide range of morphology and sizes, varying both among 
species and among different regions of an individual’s body. 
Pomolispondylus biani possesses bone plates covering neural 
spines, with the former exhibiting tuberous texture. Addition
ally, spindle-shaped bone plates are present along the sides 
of the gastralia rows (Cheng et al., 2022). The saurosphargid 
Sinosaurosphargis yunguiensis on the other hand has a well- 
developed carapace composed of numerous millimeter-sized, 
granular-shaped, and tubercule-like osteoderms, while Largoce
phalosaurus kinesis possesses rows of morphologically similar 
osteoderms, which do not form a carapace (Li et al., 2014). 
The latter also exhibits rows of larger osteoderms along the 

FIGURE 5. Cranium of Henodus sp. (ML. A9182) from the Late Triassic of the Algarve, southern Portugal. A, photograph in dorsal view. B, same 
photograph with anatomical labels. Straight line: established bone extension; dashed line: tentative bone extension. Abbreviations: fr, frontal; j, jugal; 
mx, maxilla; pa, parietal; qj, quadratojugal; ; sq, squamosal; tf, temporal fenestra; v, vomer. Scale bar equals 20 mm.
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dorsolateral surface of the body, associated with the ribs (Li 
et al., 2014). The Algarve armor plates can be readily distin
guished from osteoderms of the outlined taxa by differing hex
agonal and heptagonal shapes, larger sizes and smooth to 
faintly developed pitted and grooved textures.

Prosaurosphargis yingzishanensis on the other hand presents 
quite distinct osteoderm morphotypes, composed of centi
meter-sized elongated, often irregular, sub-oval, or sub-rectangu
lar bone plates with a densely pitted surface and a prominent 
ridge developed in some of them (Wolniewicz et al., 2023). 
Overall, P. yingzishanensis osteoderms can be distinguished 
from the better-preserved material from the Algarve by exhibit
ing a more irregular shape (lacking the regular hexagonal form), 
overall stronger pitting of the plates’ surfaces, and/or an occur
rence of the pronounced ridge (compared with faint and rather 
regular keel of equilateral armor plates from the Algarve).

Moreover, one of the bone plate types present in Eusauro
sphargis dalsassoi shows similarities to the Algarve armor 
plates assigned to morphotype 1. E. dalsassoi is reported to 
possess a quite diverse bone plate morphology ranging from 
spindle, triangular, oval, to rectangular/shingle-like (Scheyer 
et al., 2017, 2022). The latter type presents slightly pitted, 
grooved, or smooth/platy surface textures, very similar to those 
observed in the Algarve material (see fig. 11b in Scheyer et al., 
2017). The main clear difference can be observed in distinctly 
smaller sizes of the millimeter-sized Eusaurosphargis plates com
pared with prevalently 3–4 cm sized armor plates from the 
Algarve.

Therefore, the affinity of isolated armor plates from the 
Algarve to saurosphargids or of Eusaurosphargis cannot be 
entirely excluded, especially in the case of weakly preserved or 
incomplete specimens. Nonetheless, the Algarve material rep
resents two morphological armor plate types regarding their 

size and shape, which are rather uncommon in saurosphargids 
or Eusaurosphargis. Moreover, the Algarve material lacks 
other forms of armor plate that are present in saurosphargids 
(e.g., elongated, oval, granular, and triangular forms). Based on 
those observations and due to the occurrence of the placodont 
cranial material described from the armor plate bearing stratigra
phical layer, we consider assignation to Cyamodontoidea as the 
most parsimonious.

Placodont armor plates, which occur in association as a part of 
the carapace (or plastron) and/or exhibit very good preservation, 
may deliver taxonomic information, possibly up to the species 
level (Rieppel, 2002b). However, the precise taxonomic identifi
cation of the Algarve armor plates is restricted since the whole 
material is composed of isolated elements, mostly poorly pre
served. The equilateral hexagonal or pentagonal plates with flat 
surfaces or having low keel and faintly marked radial ornamenta
tion are present in multiple cyamodontoid taxa, including Psepho
sauriscus, Cyamodus, Sinocyamodus, Psephoderma, Psephosaurus, 
Psephochelys (Pinna & Nosotti, 1989; Rieppel, 2002b; Scheyer, 
2010; Wang et al.,, 2019a, 2019b, 2020) and in the case of 
Henodus chelyops, they occur at the marginal portion of the cara
pace (Rieppel, 2002b; von Huene, 1936, 1938; Westphal, 1976). 
This illustrates a distinct degree of intraspecific morphological 
homogeneity and the common occurrence of this type of armor 
plate within Placodontia. This observation implies limited utility 
of taxonomic identification of those bone plates (when isolated) 
as already noted by de Miguel Chaves et al. (2020a, 2020b).

The laterally elongated armor plates represented by FCT-UNL 
714, FCT-UNL 719, and FCT-UNL 715 show a morphology, 
which, so far, has been described in association only in the 
H. chelyops carapace. Those specimens especially resemble its 
medially placed M, a, b, and c-plates (von Huene, 1938), respect
ively. The Algarve specimens, as in the case of the mentioned 

FIGURE 6. Cranium of Henodus sp. (ML. A9182) from the Late Triassic of the Algarve, southern Portugal. A, photograph in sinistral view. B, same 
photograph with anatomical labels. Straight line: established bone extension; Dashed line: tentative bone extension. Abbreviations: fr, frontal; j, jugal; 
mx, maxilla; pa, parietal; pl, palatine; qj, quadratojugal; sq, squamosal. Scale bar equals 20 mm.
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H. chelyops plates, have planar surfaces and exhibit both simple 
and straight, as well as interdigitating sutures. It is worth noting 
that similar elongated isolated armor plates assigned to Cyamo
dontoidea indet. were found in Carnian deposits of Manzanera 
located in eastern Spain (de Miguel Chaves et al., 2015).

ML. A9182—Description of Cranial Morphology

General Comments—ML. A9182 represents a cranial fragment, 
lacking the posterior and part of the lateral portions (Figs. 3–7, S6– 
S9). The skull was found embedded within the calcareous mud
stone block and associated with an armor plate (Fig. S6S). It exhi
bits a poor state of preservation resulting from taphonomic 
alterations. It is broad, dorsoventrally flattened, and measures 
10.3 cm in length. It is the widest at the level of the maxillae 
maximum lateral extensions, reaching a width of 7.9 cm. Approxi
mately at the midpoint of the preserved cranium, it narrows and 
reaches its smallest width of 4.8 cm. Caudally to the midpoint of 
the skull, the posterior half broadens, resulting in an hourglass- 
like shape in the dorsal and ventral views.

Most of the skull table is highly taphonomically affected, 
especially its anterior half. The distortion is evident by numerous 
cracks and the fragmented nature of the preserved cranial 
elements, several of which are displaced (Fig. 5). A long, few 
millimeters thick crack extends obliquely throughout the skull, 
from the left anterolateral margin of the maxilla up to the nar
rowest area of the cranium. The area extending anterolaterally 
from the margin of the crack is characterized by a larger 
degree of bone fragmentation and distortion when compared 
with the posteriorly positioned part (Fig. 5).

In lateral view, the dorsal margin of the preserved skull is irre
gular but overall convex (Fig. 6). The exposed posterior half of 
the skull table presents a shallow dorsal extension, with the pos
terior margin being subtly inclined anterodorsally, dipping ante
roventrally at the level of the mid-length of the skull. This 
upraised portion of the skull table constitutes the highest point 
of the cranium (2.5 cm). Most of the bones constituting the 

preserved skull table are distorted and rotated by ca. 30° from 
the original skull axis. Most of the ventral surface of the skull 
is sub-horizontal, only with the lateral process being inclined 
ventrolaterally.

Maxillae and Premaxillae—The anterior-most part of the pre
served skull is composed of paired maxillae which constitute the 
anterolateral and anterior margins of the preserved cranium. The 
premaxillae are possibly represented by badly preserved small 
bone fragments contacting ventrally the anteromedial portion 
of the maxilla (Fig. 4). However, due to poor preservation and 
lack of clear original anatomical demarcation, identification of 
that element remains unsure, as it may also represent a ventral 
extension of the maxilla. Therefore, the whole or most of the pre
maxillae are missing in the specimen.

The left maxilla is almost complete, whereas the right one lacks 
a large part of its posterior portion. Even though the left maxilla 
is preserved, clear bone distortion occurs in its anteroventral 
part, near internal nares. In the dorsal view, the left maxilla 
expands on the anterior part of the skull, being posteriorly and 
medially constricted by the jugal (Fig. 5). The contact with the 
jugal is difficult to establish due to multiple cracks and lack of 
clear suture, thus the herein presented interpretation is tentative. 
Based on the spatial arrangement of bones, including the area of 
bone superimposition, the maxilla-jugal junction is herein inter
preted to be characterized by a curved U-shaped margin (point
ing anteriorly) in the dorsal perspective. In this interpretation, 
the anterior portion of the jugal incises and partly superimposes 
the medial portion of the maxilla. In the case of the right maxilla, 
the bone surface in the dorsal view is largely cracked and frag
mented, hindering a more precise interpretation of bone exten
sions. Moreover, the posterior portion of the right maxilla is 
missing. Although the dorsal contact with the jugal is difficult 
to trace with confidence, the border between the two bones is 
demarcated ventrally (seen in the lateral perspective), whereas 
the left maxilla terminates ventromedially, resulting in the 
straight, sub-horizontal contacts of the maxilla and the overlying 
jugal.

FIGURE 7. Photogrammetry-based 3D model of Henodus sp. (ML. A9182) cranium (image in sinistral oblique perspective, showing the dorsal side of 
the skull).
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This maxillary extension forms most of the lateral margin of 
the rostrum, expanding longitudinally to the narrowest point of 
the skull. In ventral view, the maxilla (well visible only in left 
view) is distinctly curved laterally, resulting in the convex 
shape of the lateral margins of the rostrum (Fig. 4). In ventral 
view, the maxilla is J-shaped, being laterally curved. In its 
anterior portion (anteriorly to the level of the internal nares) it 
is significantly expanded transversely, with the remaining 
portion gradually tapering posteriorly, terminating at the 
approximate level of the midlength of the cranial fragment. 
Within the anteriormost portion of the left maxilla, at the 
approximate level of the anterior internal nares’ margin a small 
recess, a few millimeters in diameter, is visible. The smooth 
and rounded surfaces and edges suggest it represents the original 
feature and not a taphonomic alteration; however, its identifi
cation remains problematic at this point. The anterior part of 
the right maxilla extends medially, where it contacts the middle 
part of the lateral border of the internal nare. In the right 
counterpart, this morphology is not clearly defined due to the 
high degree of bone distortion in this area. Close to the right 
lateral margins of the maxilla, a maxillary groove is observed, 
which is well preserved only in the left maxilla. This maxillary 
grove is curved, half-moon shaped, and stretches throughout 
the almost whole length of the preserved part of the left 
maxilla. Its width is constant throughout most of its extension, 
drastically tapering within its posterior portion, near the point 
of maxilla termination. The maxillary groove is U-shaped in 
cross section.

The maxillary grooves (on both the left and right maxilla) are 
laterally and medially constricted by low ridges extending paral
lel to the groove. The lateral ridge is slightly more pronounced 
than the medial one, and dorsally, it terminates with a smooth, 
rounded surface. In the case of the right maxilla, only the anterior 
part of the groove is preserved (as the posterior part of the right 
maxilla is missing). This groove on the right maxilla appears to 
differ from the more posteriorly located (preserved) portion of 
a groove in the left maxilla by being more constricted and 
straight. Medially, the maxillae are confined by the palatines.

Vomers—The paired vomers extend at the anterior-most area 
of the medial part of the preserved cranium and are, in the skull 
fragment, visible from both ventral and dorsal perspectives. 
Anteriorly, the vomers almost reach the level of the maxillae 
anterior margin, while their maximal posterior extension and 
margin remain problematic to establish. The anterior and 
central portions of the vomers form a rectangular element with 
overall straight margins and clear demarcation between the 
two vomers. The division between the two bones is roughly 
straight and is noticeable throughout most of the anteroposterior 
extension of the vomers. In the ventral perspective, the central 
area of the vomers is concave, while its dorsal surface is subtly 
convex. At the level of the posterior internal nares’ margins, 
the vomers expand laterally. Nonetheless, it can be only clearly 
noticed in the right vomer, because in the left counterpart, this 
skull area is highly distorted and cracked. The posterolateral pro
trusion of the right vomer extends approximately to the level of 
the mid-width of the internal nares. This protrusion is overall tri
angular and superimposes a small part of the anteromedial 
portion of the palatine. The part of the identified posterior 
vomer margin laterally contacts the palatine, while medially it 
contacts the bone fragments, which most likely constituted the 
anterior portion of the pterygoids. The lateral margins and pos
terolateral extensions of the vomers define the medial and part 
of the posterior borders of the internal nares (around half of 
the posterior internal margin, while the second half is formed 
by the palatine margins extending laterally to the vomers).

Palatines—The paired palatines stretching longitudinally 
near the lateral margins of the skull are separated by the 
vomers in their anterior-most portion and by the pterygoids in 

their middle and posterior parts. The left palatine is almost com
pletely preserved, whereas the right one lacks a big posterior 
portion. While in the case of the left palatine the sutures 
between preserved bone elements can be identified, the 
medial margin of the left palatine is largely cracked and dis
torted and cannot be uncontestably determined. The preserved 
parts of both palatines have an overall oblong outline being also 
slightly laterally curved. They stretch parallel to the maxillae. 
The anterior margins contact the posterolateral margins of the 
internal nares as well as the posterolateral margins of the 
vomers. At the lateral margins, the palatines contact the maxil
lae and are separated from them by the subtly rounded ridge. 
The anteromedial borders of the palatines are confined by the 
vomers, although they can be only observed in the right 
portion of the skull. Medially in the more posterior portion, 
the palatines contact elements which are herein interpreted as 
the pterygoids, while more anteriorly the “extensions” are uni
dentifiable bone fragments. The latter, however, also most 
likely represent parts of the pterygoids, or in the anterior- 
most portion, fragments of the vomers. The preserved portion 
of the left palatine tapers approximately at the level of the 
minimal width of the skull. This portion of a palatine includes 
an oval carbonate geode, created during diagenesis. In the 
case of the right palatine, this area is not preserved. The pala
tines’ surfaces are irregularly covered with small, millimeter- 
sized, shallow irregular polyhedral pits.

Pterygoids—The pterygoids are quite poorly preserved, with 
only small, isolated fragments, hampering any detailed descrip
tion. The preserved fragments of the pterygoids are irregular 
and dispersed within the central area of the cranial fragment. 
Based on the preserved elements, it can be deduced that the pter
ygoids covered the medial section of the middle and posterior 
parts of the ventral side of the skull, anteriorly contacting the 
vomers, and laterally the palatines. However, the level of anterior 
extension of the pterygoids and their junction with the vomers 
remain problematic to establish. The surfaces of the fragmented 
pterygoids are locally covered by sparse, elongated shallow milli
meter-thick grooves, differentiating them from other bones 
which are—in contrast—characterized by smooth or slightly 
pitted surfaces.

Cranial Lateral Margins—The left lateral margin of the skull is 
much better preserved than the right one. In the case of the 
latter, only the anterior portion is not damaged. Within the left 
lateral margin of the cranium, a complex of bones, most probably 
including maxilla, jugal, quadratojugal, and squamosal can be 
defined, while in the case of the right lateral margin bone(s) 
are either distorted or missing. The bone complex observed 
with the left lateral margin of the cranium forms a seemingly 
uniform element extending almost until the posterior margin of 
the preserved part of the skull. This element is broad and 
slender, dorsoventrally flattened, and slightly ventrally inclined 
with its surface being slightly concave.

Jugals—The anterior portion of the right jugal can be ident
ified, as contacting the maxilla (although its precise extension 
and the dorsal jugal-maxilla junction are difficult to establish; 
see the description above concerning maxillary-jugal contact). 
Due to the occurrence of multiple cracks and grooves, which 
can seemingly appear as possible borders of the bones, the exten
sion of the jugal remains highly speculative. We tentatively ident
ified one distinct groove as the likely suture between the 
posterior portion of the jugal and bone material positioned 
more posteriorly (Fig. 6). It extends obliquely from the lateral 
margin of the cranium at the level of the start of the lateral 
process until the more dorsally oriented position of the bone, 
almost at the level of the minimal skull width. Such interpret
ation would result in the reconstruction of the jugal with a gradu
ally posteriorly tapering process. The extension of the remaining 
portions of the jugal is even harder to establish.
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Lateral Process—In the more posteriorly positioned portion 
of the cranium, a triangular-shaped process terminates the skull 
ventrolaterally, reaching the right maxilla’s maximum lateral 
extension. It is possibly composed of quadratojugal, although 
bone extensions cannot be uncontestably determined in this 
area. Nonetheless, undoubtedly, it was confined posteriorly at 
some point by the squamosal, which could be represented by 
the identified partially isolated and fragmented elements of 
ML. A9182 described above. The medial margin within the 
area of the ventrolateral process constitutes the lateral margin 
of the temporal opening.

Temporal Fenestra— Only the left temporal opening is pre
served, as ML. A9182 misses a large portion of the right lateral 
margin. The preserved temporal fenestra has an irregular but 
overall triangular shape. Its medial margin is damaged and irre
gular, but overall straight. It is defined by a highly bone-cracked 
area in the anterior portion and by the parietal in the middle and 
posterior parts. The posterior-lateral margin of the opening con
stitutes the largely cracked parts of the squamosal. The lateral 
margin of the opening is defined by a triangular-shaped 
process, possibly composed of the quadratojugal. The medial 
margin of this process, which forms the lateral margin of the 
opening, is represented by unaltered and well-preserved bone, 
suggesting that the opening represents an original morphological 
feature rather than a taphonomic artifact. The remaining edges 
are rather irregular, characterized by a high degree of breakage 
and jagged surfaces.

Skull Table—The posterior area of the skull table is upraised 
and slightly dorsally inclined. The preserved skull table forms a 
rectangular-like outline with posterolateral termination (Fig. 5). 
Most of the central area of the skull roof is likely composed of 
the parietal; however, the occurrence of other bone fragments 
in the studied specimen (e.g., postorbital, postfrontal) can be 
neither excluded nor confirmed. The posterolateral termination 
is composed of a part of the squamosal. The preserved part of 
the parietal is broad, although its outline is hard to interpret. 
Undoubtedly, the parietal constitutes most of the posterior 
margin of the preserved cranium. To the left lateral margin of 
the distal part of the parietal, two fragments of a squamosal 
extend, but at the more ventrally extending plain in regard to 
the parietal. Anteriorly to the parietal area, highly fragmented 
bones occur, which possibly constitute parts of the postorbital, 
postfrontal, and frontal.

At the level of the maximal height of the skull tables, resulting 
from its dorsal inclination, the preserved skull roof bones 
abruptly dip ventrally. Fragments of the possibly posterior part 
of the paired frontal can be identified within this area. The frag
ment is longer than wide and narrows anteriorly. Anteriorly and 
laterally, the fragments of the frontals contact the area covered 
with highly fragmented bones. The surface covered with those 
bones diverges almost at the level of the anterolateral margin 
of the orbits, giving the Y-like shape to this association of bone 
fragments (Figs. 5, 7). This bone association extends anteriorly 
until it contacts the maxillae, near the anterior margin of the 
skull. Based on the observations of the specimen, it is impossible 
to assess with certainty which bones are included in this accumu
lation. However, while comparing the better-preserved left 
margin of the specimen, it can be assumed that the area extend
ing throughout the right margin was probably composed of the 
maxilla (at the anterior portion) and the jugal (at the posterior 
part). The more medial and the anterior areas can be possibly 
composed of fragments of the postorbital, frontal, and prefron
tal, although none of those bones can be identified uncontestably. 
Moreover, due to the noted deformations, the outlines of the 
nares and orbits cannot be traced. At the anteromedial area of 
the skull, a fragment of the vomer is exposed. It is rectangular, 
with slightly irregular but mostly straight margins. Its medial 
part is cut by a longitudinally extending shallow furrow.

ML. A9182–Comparison

General Comments—The cranium specimen ML. A9182 exhi
bits the square-shaped and significantly dorsoventrally flattened 
skull with a well-developed spatulate rostrum, which is relatively 
uncommon among tetrapods. Only two Triassic taxa with such a 
morphology were recovered, Atopodentatus unicus from the 
Anisian of China (Chun et al., 2016) and Henodus chelyops 
from the Carnian of Germany (von Huene, 1936).

Comparison to Atopodentatus unicus—ML. A9182 is similar 
to Atopodentatus unicus in terms of (1) an overall rectangular- 
like shape of the skull, (2) a distinct dorso-ventral compression 
of the cranium, (3) a well-developed rostrum, and the general 
arrangement of bones within the ventral part of the cranium 
with (4) palatines separated by long pterygoids, which contact 
the vomers, (5) elongated palatines contacting the maxillae later
ally along the whole bone extension, and (6) contacting the 
pterygoids medially at their middle and posterior portion.

However, when considered in detail, the morphology of ML. 
A9182 deviates from A. unicus as follows: (1) ML. A9182 has a 
more hourglass-like shape compared with the more constricted 
cranium of A. unicus. (2) Although lacking the premaxilla, the 
rostrum of ML. A9182 was more likely spatulate compared 
with the T-shaped rostrum of A. unicus. (3) In ML. A9182, the 
palatines are broad and curved reaching the level of internal 
nares and participating exclusively in the posterior margin of 
internal nares compared with the palatines of A. unicus being 
straight and slender and extending beyond the level of anterior 
margin of the internal nares and participating in their posterior 
and lateral margins. (4) The maxillae of ML. A9182 are J- 
shaped and much broader compared with the right-angle L- 
shaped and slender maxillae of A. unicus. (5) There is a broad 
contact along the anterior margin of the jugal with the maxilla 
in ML. A9182 with a more posteriorly oriented anterior margin 
of the jugal being separated from the maxilla by broad vomers. 
(6) There are toothless maxillae in ML. A9182, but maxilla 
with multiple needle-shaped teeth in A. unicus. (7) ML. A9182 
maxillae are massive at their anterior margin and not distinctly 
extending laterally in regard to more posteriorly located portions 
of the skull, compared with A. unicus with very slender and sig
nificantly laterally expanded maxillae in their anterior portions. 
Those morphological differences combined with distinctly differ
ent temporal and geographic range of Atopodentatus, decisively 
indicate the taxonomic distinctiveness of ML. A9182 and 
A. unicus.

Comparison to Henodus chelyops—There are two major, 
partly discrepant, interpretations of skull bone extensions of 
Henodus chelyops presented in the works of von Huene (1936), 
Rieppel (2001, 2002a) and Rieppel et al. (2000). The herein-pre
sented comparison with H. chelyops is based on interpretations 
proposed by Rieppel (2001, 2002a) and Rieppel et al. (2000), 
as they largely align with our personal observation of the 
specimens.

ML. A9182 exhibits multiple similarities to H. chelyops: (1) flat 
and broad skull, (2) an overall elongated shape of the skull in 
dorsoventral view, (3) a short, broad, and spatulate rostrum, 
(4) J-shaped maxillae in the ventral view, (5) maxillae without 
teeth, (6) maxillary dentition substituted by a deep, longitudin
ally extending curved groove, which is U-shaped in transverse 
section, (7) a sub-horizontal, elongated maxillary-jugal contact 
along the ventral termination of the maxillae, located in the 
anterior portion of the cranium, (8) possibly a U-shaped dorsal 
junction between the maxillae and the jugals, with the latter 
partly superimposing posterior part of maxillae, (9) non-contact
ing, elongated, and broad palatines separated by the pterygoids 
and the vomers, (10) the palatines distinctly tapering in the pos
terior portion at the level of maxilla termination, (11) large 
internal nares separated by vomers, (12) palatines forming at 

Rucinśki et al.—Placodont remains from Portugal (e2460445-12)



least half of posterior internal nares margin, (13) maxillae parti
cipating in the lateral margins of the internal nares, (14) the 
elongated, slightly ventrally inclined slender lateral margin of 
the cranium with the terminating triangular process at the level 
of the parietal, and (15) a broad and extensive parietal occupying 
a significant portion of the central and posterior area of the skull 
table. Therefore, most of the recognized bones in ML. A9182 
(pertaining to the maxilla, jugal, palatine, vomer, parietal, and 
parts of frontal and squamosal) have a generally similar position, 
shape, and spatial arrangement when compared with H. chelyops.

Moreover, the resemblance between ML. A9182 and 
H. chelyops can be observed in less evident features, such as a 
similar flexure of the vomers in their central portion, the occur
rence of a rounded recess in the anterior-most portion of the 
maxilla, and the surface morphology of the pterygoids composed 
of longitudinal striation (obs. pers., 2023; see also von Huene, 
1936; Rieppel, 2001). The left temporal opening present in ML. 
A9182 is also similar to those seen in some H. chelyops specimens 
(obs. pers., 2023; Rieppel, 2001). The study of seven specimens of 
H. chelyops stored in Paläontologische Sammlung der Universi
tät Tübingen (acronym: GPIT), Germany, revealed a great plas
ticity in both original morphology and preservation of the 
temporal opening, including closed temporal fenestrae (GPIT- 
PV-30006), a vestigial condition or depression within the cover
ing parietal (GPIT-PV-30002), an opening in form of taphonomic 
artifact (GPIT-PV-30004), open temporal fenestrae, but not pre
served in original shape due to breakage (GPIT-PV-30001 and 
GPIT-PV-30002), and well-preserved temporal fenestrae 
(GPIT-PV-30007). The original condition of temporal fenestrae 
in ML. A9182 remains unsure due to significant breakage of 
the skull table, which forms the medial margin of the opening. 
However, the morphology of the rounded lateral margin suggests 
the original presence of the opening. Thus, in ML. A9182, an 
open or vestigial original condition of temporal fenestra 
appears to be most likely. Regardless of the interpretation, the 
opening in ML. A9182 closely resembles conditions seen in 
H. chelyops (especially in the best-preserved specimens GPIT- 
PV-30003 and -30007), which can be noted by its position later
ally to the parietal and at the level of the lateral process, a rela
tively small size, and a similar shape of its preserved lateral 
margin (obs. pers., 2023; see figures in Rieppel, 2001).

The skull table of ML. A9182 is badly preserved, impeding 
detailed comparison. Nevertheless, the preserved part of the par
ietal is broad and appears to broaden posteriorly, resembling the 
condition of a fan-shaped parietal occurring in H. chelyops 
(Rieppel, 2001; Rieppel et al., 2000; von Huene, 1936).

ML. A9182 is of comparable but moderately smaller size com
pared with H. chelyops specimens. This can be noted for example 
in the (maximal) width of the (almost complete) rostrum of ML. 
A9182 consisting of 7.9 cm compared with a range of 9.43 cm 
(GPIT-PV-30002) to 10,82 cm (GPIT-PV-30006) seen in skulls 
of H. chelyops. Overall, the recognizable skull portions of ML. 
A9182 appear to be ca. 20–30% smaller when compared with 
H. chelyops.

The only unambiguous morphological differences between 
ML. A9182 and H. chelyops pertain to the robustness and 
detailed skull shape. ML. A9182 has a broader rostrum with 
more rounded margins, resulting in a more robust appearance 
of the anterior portion of the skull compared with H. chelyops. 
In H. chelyops, in all recovered skulls the rostrum margins 
formed by the maxillae are either constricted and straight or 
subtly convex (von Huene, 1936, 1938; Rieppel, 2001), conversely 
to distinctly convex margins in ML. A9182. Compared with 
H. chelyops, the mid-length portion of the maxilla in ML. 
A9182, approximately at the level of the posterior margin of 
internal nares, has a much wider lateral extension and terminates 
laterally up to the maximal lateral extension of the lateral process 
likely formed by the quadratojugal. In H. chelyops, the respective 

area of the maxilla reaches laterally only the base of the men
tioned lateral process, while the level of the maximal lateral 
extension of the process is reached by the anterior-most part of 
the maxilla (von Huene, 1936; Rieppel, 2001). The lateral 
process of ML. A9182, most likely composed of quadratojugal, 
also appears to have a relatively further lateral extension than 
in the case of H. chelyops. The above-mentioned features result 
in a more hourglass-like shape of ML. A9182 compared with 
the more rectangular skull outline of H. chelyops.

The ventral surface of ML. A9182 is flat with most of the bones 
extending at a similar horizontal level, whereas in ventral view 
the skull of H. chelyops is dorsally curved (see figures in 
Rieppel, 2001). Considering the distinct distortion of ML. 
A9182 skull table and many bones forming the ventral portion 
of the cranium, it is possible that the skull has been compacted 
and its curvature could have been reduced. Thus, it is not fully 
clear if this feature constitutes the original (and thus different) 
morphology or taphonomic alteration.

Similarly, the lack of preserved palatine teeth remains 
ambiguous. The occurrence of the oval geode within the palatine 
in the respective place of such teeth in H. chelyops may suggest 
the occurrence of one palatine tooth in ML. A9182, which 
would be equivalent to the condition present in H. chelyops 
(Rieppel, 2001; Rieppel et al., 2000; von Huene, 1936). 
However, as the tooth itself is not preserved and we cannot 
observe any clear evidence of the occurrence of alveoli, the 
occurrence of this feature may not be confirmed, but as this 
region has been diagenetically altered, its presence cannot be 
excluded.

PHYLOGENETIC ANALYSIS

The phylogenetic analysis (Analysis 1) based on the diapsid 
matrix of Wang et al. (2022) resulted in 140 trees with 790 
steps (CI = 0.294; RI = 0.683,0; RC = 0.201). The topology of the 
consensus tree (Figs. 8, S14, S15) is largely consistent with the 
results obtained by Wang et al. (2022). However, few significant 
differences were noted, pertaining to more cases of unresolved 
relationships in our analysis (Fig. S14), especially within Ichthyo
sauromorpha and, to a lesser degree, within Eosauropterygia, 
with few taxa nested in a slightly different part of the tree (e.g., 
Wumengosaurus and Qianxisaurus). After the application of 
resampling, the consensus tree resulted in better-resolved 
relationships within Ichthyosauromorpha but not in Eosaurop
terygia (Fig. S15). In the consensus tree, ML. A9182 is recovered 
within Henodontidae, as a sister taxon to Henodus chelyops. 
However, this position is supported by a rather low bootstrap 
value (22). Henodontidae incorporating Parahenodus atancensis, 
Henodus chelyops, and ML. A9182 are characterized by one 
synapomorphy—frontals paired (ch. 21; state 0), while ML. 
A9182 and H. chelyops are also distinguished by the depressed 
temporal region of the skull (ch. 41; state 0).

All the scored character states for ML. A9182 are consistent 
with conditions stated for H. chelyops (ch. 3; state 0; ch. 21; 
state 0; ch. 29; state 0; ch. 34; state 0; ch. 41; state 1; ch.62; state 
1; ch. 64; state 0; ch. 65; state 0; ch. 89; state 1; ch. 179; state 0).

The phylogenetic analysis (Analysis 2) based on the diapsid 
matrix of Wang et al. (2019a) modified from Neenan et al. (2015), 
including ML. A9182 (Supplementary File 4), resulted in 20 most 
parsimonious trees, with a length of 610 steps (CI = 0.316; RI =  
0.694; RC = 0.220). The topology of the consensus tree (Fig. S16) 
is consistent with the results obtained by Wang et al. (2019a). 
After the application of resampling, the consensus tree attains a 
slightly different topology, resulting in the better-resolved place
ment of taxa within Sauropterygia (Fig. S17). Otherwise, the 
changes are minimal and do not impact interpretations for this study.

In the consensus tree ML. A9182 is recovered within cyamo
dontoid placodonts as a sister taxon to Henodus chelyops. This 
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FIGURE 8. Strict consensus tree obtained from parsimony phylogenetic analysis using the diapsid character data matrix of Wang et al. (2022), with 
indication of the recovered position of ML. A9182 (Henodus sp.) from the Upper Triassic of Algarve. Bremer values are indicated above the nodes, 
while bootstrap values (≥ 10) are presented below the nodes.
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position is supported by a relatively high bootstrap value (76). 
Henodontidae incorporating ML. A9182 and H. chelyops pre
sents the following synapomorphies: short snout (ch. 3; state 2); 
depressed temporal region of the skull (ch. 28; state 1) and 
absence of maxillary tooth row, which is substituted by longitudi
nal furrow (ch. 68; state 3). All the scored character states for 
ML. A9182 are consistent with the conditions stated for 
H. chelyops (ch. 3; state 0; ch. 15; state 0; ch. 19; state 0; ch. 23; 
state 0; ch. 28; state 1; ch. 48; state 1; ch. 50; state 0; ch. 67; 
state 1; ch. 68; state 3; ch. 139; state 0). However, it should be 
noted that due to incompleteness and taphonomic alterations 
of ML. A9182, only 10 out of 140 characters were scored.

The phylogenetic analysis (Analysis 3) based on the original 
non-revised matrix of Neenan et al. (2015) with an extension 
using Parahenodus atancensis and ML. A9182 resulted in five 
most parsimonious trees, with a length of 135 steps (CI = 0.570; 
RI = 0. 663; RC = 0.378). The topology of the consensus tree 
(Fig. S18) is comparable to the obtained tree based on revised 
scoring. The major difference pertains to the better resolved 
relationships within Cyamodontoidea. However, after bootstrap 
applications, consensus tree topology is identical to the one based 
on the revised scoring (Fig. S19).

The phylogenetic analysis (Analysis 4) based on the matrix of 
Neenan et al. (2015), with the revised characters for Henodus 
chelyops and extensions using Parahenodus atancensis (de 
Miguel Chaves et al., 2018a) and ML. A9182 resulted in six 
most parsimonious trees, with a length of 135 steps (CI = 0.570; 
RI = 0.667; RC = 0.380). The topology of the consensus tree 
(Fig. S20) is consistent with the results obtained by Neenan 
et al. (2015) and de Miguel Chaves et al. (2018a); however, two 
differences appear after the application of bootstrap calculation. 
First, instead of a polytomy within Cyamodontida, the Cyamo
dontidae (composed of Sinocyamodus xinpuensis and all 
species of Cyamodus) and Henodontidae are recovered as mono
phyla (Fig. S21). Moreover, Protenodontosaurus italicus is placed 
outside of Placochelyida, being part of a polytomy with Placoche
lyida and Cyamodontida, located within Cyamodontidae.

In the consensus tree ML. A9182 is recovered within Cyamo
dontida as a part of Henodontidae and placed in the unresolved 
group containing Henodus chelyops and Parahenodus atancensis. 
However, after the application of bootstrap calculation, the top
ology of Henodontidae changes, resulting in a breakage of the 
polytomy and placement of P. atancensis outside of H. chelyops 
and the ML. A9182. This separation is, however, only supported 
by a very low bootstrap value of 3 (Fig. S21).

Compared with most other placodont clades, the placement of 
ML. A9182 within Henodontidae is supported by the relatively 
high bootstrap of 63 (Fig. S21). Henodontidae recovered in the 
presented analysis comprises the following synapomorphies: 
short snout (ch. 3; state 2); the absence of maxillary teeth but 
the presence of a longitudinal maxillary furrow (ch. 35; state 4); 
palatines are at least partially separated by long pterygoids (ch. 
60; state 0). Another synapomorphy of Henodontidae indicated 
in previous studies (de Miguel Chaves et al., 2018a; Neenan 
et al., 2015), refers to the one pair of palatine teeth (ch. 36; state 
3), which cannot be uncontestably determined in ML. A9182. 
However, this feature might have been also present in the ML. 
A9182 as the carbonate geode could be a recrystallized alveolus. 
All the scored feature states for ML. A9182 are consistent with 
conditions stated for H. chelyops (ch. 3; state 2; ch. 35; state 4; 
ch. 39; state 1; ch. 42; state 0; ch. 60; state 0).

The obtained topology and position of ML. A9182 as a sister 
taxon to H. chelyops in all conducted analyses may support the 
identification of ML. A9182 as belonging to the genus 
Henodus. However, these results should be treated with large 
caution as only a small portion of characters were possible to 
be scored. Therefore, the obtained results may be impacted by 
the substantial incompleteness of the feature scoring.

DISCUSSION

Dermal Armor Plates—Taxonomic and Chronostratigraphic 
Implications

The armor plate material from the Algarve sites is attributed 
to cyamodontoid placodonts, based on their overall hexagonal 
or heptagonal shapes, smooth to pitted and subtly striated 
surface, and small size and thickness (sensu de Miguel Chaves 
et al., 2020a; Rieppel 2002b). Some material, especially 
represented by the elongated bone plates, resembles the armor 
plates placed in the medial portion of the carapace of 
H. chelyops (von Huene 1936, 1938). Therefore, in the scope of 
morphological similarity and—based on the cranial material 
(see below)—the confirmed occurrence of Henodus in the 
Algarve, it is possible that the elongated hexagonal armor 
plates belonged to Henodus. The equilateral plates may also 
belong to a henodontid placodont, but possibly stem from differ
ent portions of the carapace (Fig. 9), perhaps the marginal area as 
seen in H. chelyops (von Huene 1936, 1938). This assumption can 
be supported by the fact that the specimens were recovered from 
the same layers as the elongated hexagonal osteoderms and ML. 
A9182 cranium. However, due to the large morphological 
homogeneity of the placodont bone plates (de Miguel Chaves 
et al., 2020a, 2020b), uncontested identification of this material 
is not possible. Therefore, we assign armor plates of morphotype 
1 as Cyamodontoidea cf. Henodus, as this plate morphology has 
been so far known in this genus, while specimens of morphotype 
2 are attributed to Cyamodontoidea indet.

Placodont armor plates, typically as fragmentary specimens, 
occur commonly across multiple horizons within the investigated 
sites. Notably, within these layers, placodont fossils stand out as 
the only identifiable tetrapod remains (Rucinśki, 2020). This 
observation may correspond to sampling bias, taphonomic pro
cesses influencing the re-deposition of fossils (e.g., selective 
hydrodynamic sorting of placodont remains), a distinctly large 
number of plates in the carapace increasing their likelihood of 
preservation and recovery, an inherent abundance of placodonts 
in the area alongside a low diversity of other faunal components, 
or a combination of these factors. Regardless of the interpret
ation, the numerical abundance of armor plates and their occur
rence across multiple stratigraphic levels and sites suggest that 
placodonts occurred commonly in the discussed region, likely 
constituting a significant component of the local fauna during 
the Late Triassic.

Taxonomy of ML. A9182

ML. A9182 is identified as a fragment of a cranium, exhibiting 
affinity to representatives of Henodontidae, especially to 
Henodus chelyops. Some of the most diagnostic cranial features 
of henodontid placodonts (de Miguel Chaves et al., 2018a; 
Rieppel, 2001; Rieppel et al., 2000) are present in ML. A9182, 
such as the lack of maxillary teeth, which are instead substituted 
by a maxillary furrow, and the separation of the elongated pala
tines by the pterygoids. The size-reduced pair of palatine teeth 
characteristic of henodontid placodonts (de Miguel Chaves 
et al., 2018a; Rieppel, 2001; Rieppel et al., 2000) is not observed 
in ML. A9182. However, as in the corresponding area to the 
Henodontidae palatine tooth alveolus, ML. A9182 is covered 
with a carbonate geode of comparable size to henodontid 
teeth, the original condition could have been altered due to dia
genesis. ML. A9182 shares the abovementioned features with the 
other known henodontid placodont: Parahenodus atacensis. 
Nonetheless, ML. A9182 can be distinguished from the latter 
by the rectangular-shaped skull and spatulate broad rostrum. 
Parahenodus atacensis exhibits a plesiomorphic, anteriorly taper
ing rostrum, characteristic of other cyamodontoid placodonts (de 
Miguel Chaves et al., 2018a, 2020c).
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Beyond the outlined characters, ML. A9182 shares multiple 
other features with H. chelyops, including the generally rectangu
lar shape of the cranium, comparable placement of the preserved 
bones, as well as their shape and spatial arrangement. The only 
clear morphological difference between ML. A9182 and 
H. chelyops pertains to the more rounded and robust rostrum 
of ML. A9182, which results in a more hourglass-like shape of 
the specimen. As ML. A9182 does not exhibit any other signifi
cant morphological differences to H. chelyops, the distinct 
shape of the ML. A9182 and its smaller size can be considered 
within both scenarios of interspecific differences as well as intras
pecific variation within H. chelyops.

The significant intraspecific variability in cranial geometry, 
including snout shape, commonly occurs in both extant and 
extinct sauropsid species, e.g., in the turtles Apalone 
(“Trionyx”) ferox (Dalrymple, 1977) and Trachemys dorbigni 
(Portela et al., 2020), as well as in the eusuchians Melanosuchus 
niger (Foth et al., 2015) and Allodaposuchus precedens (Martin 
et al., 2016), among many other taxa. The intraspecific morpho
logical variability depends on the ontogenetic stage but also poly
morphism including sexual dimorphism and geographic 
distribution (Clark, 1976; Wiens, 1999). Notably for the studied 
case is that H. chelyops exhibits intraspecific morphological plas
ticity, which also pertains to the rostrum shape (obs. pers., 2023; 
Rieppel 2001). Some specimens (e.g., GPIT-PV-30001 and 30002) 
are characterized by straight and constricted rostrum margins, 
while in the case of others (e.g., GPIT-PV-30006, -30007), the 
margins are very subtly rounded and convex, although to a sig
nificantly much smaller extent than seen in ML. A9182 (obs. 
pers., 2023; see also figures in Rieppel, 2001). This illustrates 

the morphological variability exposed by only a few specimens 
of similar size and derived from the same place and stratigraphic 
level. Based on those observations as well as the lack of a larger 
number of morphological differences, we consider, for now, the 
variation in the observed snout shape and size of ML. A9182 
might have been possibly driven by intraspecific variation 
within H. chelyops (i.e., ontogenetic stage, sexual dimorphism, 
or morphological variation between different populations).

Alternatively, the observed differences in snout shape and size 
in ML. A9182 may be interpreted within the context of repre
senting a novel species. Such consideration could also be taken 
into account concerning the distinct distance between the area 
of southern Portugal and southern Germany during the Late 
Triassic (for different paleogeographic reconstructions see e.g., 
Golonka, 2007; Scotese & Schettino, 2017; Stampfli & Borel, 
2002; Zeh et al., 2021). Moreover, ML. A9182 possibly represents 
a stratigraphically younger specimen compared with the early (or 
potentially middle) Carnian H. chelyops from Germany, as the 
minimal age of the stratigraphic unit where it was found is preli
minarily constrained (see below) to be at least upper Carnian 
(Vilas-Boas et al., 2024). Thus, possibly making ML. A9182 at 
least several million years younger than the German specimens. 
The combined morphological, paleogeographic, chronological, 
and paleoenvironmental data indicating an inhabitation of some
what restricted coastal settings (see below), suggest that a scen
ario involving the existence of a hypothetical second Henodus 
species cannot be excluded.

Unfortunately, the examination and verification of the out
lined competing hypotheses are strongly hindered by the incom
pleteness and poor preservation of ML. A9182, hampering a 

FIGURE 9. Summary of the placodont material from Upper Triassic of the Algarve. A, reconstruction of Henodus by Jakub Kowalski and Piotr 
Janecki. B, transversely expanded armor plate from Algarve, interpreted to possibly stem from the medial portion of Henodus carapace. C, equilateral 
armor plate from the Algarve interpreted to possibly stem from the marginal portion of Henodus carapace. D, photogrammetry-based image of 
Henodus cranium (ML. A9182).
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comprehensive comparison to H. chelyops. Moreover, interpre
tations of the bone sutures in H. chelyops are also constrained 
by a varying preservation of cranial bones and sutures 
(Rieppel, 2001). Additionally, the chronostratigraphic con
straints of the deposits containing ML. A9182 remain ambiguous, 
as palynological samples from those sections turned out to be 
sterile. Thus, the preliminary age constraint (upper Carnian or 
younger) is based on lithostratigraphic comparison to other 
dated sections (see below), introducing a significant margin of 
error for precise chronological considerations. Therefore, due 
to unresolved ambiguities in the interpretation of bone exten
sions in ML. A9182, and to a smaller extent in H. chelyops, we 
identify ML. A9182 as Henodus sp. and at this point refrain 
from taxonomic assignment at a species level. Thus, a better 
understanding of the variation within the German material of 
H. chelyops and/or new material from the Algarve are necessary 
for more conclusive interpretations.

Temporal Range of Henodontidae

Henodus chelyops was thought to be recovered from the 
Estherienschichten deposits (Reiff, 1937; von Huene, 1936), 
which constitute the uppermost part of the Lower Gipskeuper 
succession, also known as Grabfeld Formation (Aigner & Bach
mann, 1989; Menning, 2018). The Grabfeld Fm. spans across 
Longobardian and Julian (late Middle Triassic and early Late 
Triassic), with its upper portion including the Estherienschichten, 
being interpreted as Julian in age, corresponding to lower 

Carnian (Menning, 2018; Zeh et al., 2021; Zhang et al., 2020). 
In some works, the upper portion of Grabfeld Fm. is assigned 
to Cordevolian (e.g., Bachmann & Kozur, 2004)—the term 
which is equivalent to early Julian sensu Ogg et al. (2020) or 
mid-late Julian sensu Zhang et al. (2020) and Zeh et al. (2021). 
However, as the site where H. chelyops had been found has 
been drastically changed (no more access to sedimentary rock 
exposure) the outlined stratigraphic interpretation cannot be 
entirely confirmed. Moreover, the H. chelyops remains were 
suggested to potentially derive from a younger unit, namely the 
Gaildorf-horizon of the Lower Schilfsandstein (Stuttgart Fm.), 
corresponding to middle Carnian (personal communication 
Günter Schweigert in 2023, see also Geyer et al., 2023). Nonethe
less, until further detailed studies clarify the stratigraphic assign
ment of the Henodus-bearing levels, the historical classification 
within the Estherienschichten deposits should still be considered.

The palynological study of the El Atance deposits bearing 
Parahenodus atancensis indicates a (likely lowermost) Julian 
(García-Ávila et al., 2021), thus early Carnian age.

The base of the Silves Group in the Algarve region was estab
lished to correspond to lower to middle Carnian, being most 
likely lower Carnian in age (Vilas-Boas et al., 2022). Therefore, 
if armor plates from the São Bartolomeu de Messines are attrib
uted to the locally occurring basal unit of Silves Group-São Bar
tolomeu de Messines Claystones–and are considered as 
belonging to Henodus, that would imply a roughly coeval occur
rence of that genus in the Algarve together with H. chelyops from 
Germany. Nonetheless, as discussed above, taxonomic 

FIGURE 10. Paleogeographic context of recorded Henodontidae remains. A, paleogeographic map of the world during the Late Triassic (Colorado 
Plateau Geosystems Inc., license nr. #110719). B, magnification of the map of the Late Triassic world illustrating the area of the western Neotethys. 
Approximate locations of Henodontidae-bearing sites are indicated by a star. Drawing of Henodus chelyops after Rieppel et al. (2000). Drawing of 
Parahenodus atacensis after de Miguel Chaves et al. (2018a). Photos of the Portuguese specimen ML. A9182 is referred to as Henodus sp. with shape 
contour and established bone extensions (compare with Figs 4, 5). Scale bars represent 20 mm. Abbreviations: AB, Algarve Basin; AV, Avalonia; BM, 
Bohemian Massif; CEB, Central European Basin (which includes Germanic Basin); EEP, East European Platform; IB, Iberian Basin; IM, Iberian 
Massif; MG, Maghrabian-Gibraltar rift; SP, Sahara Platform.
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assignation at lower taxonomic levels is very problematic in the 
case of isolated armor plates. Moreover, the attribution of São 
Bartolomeu de Messines outcrop to São Bartolomeu de Mes
sines Claystones also remains uncertain (see Geological 
setting). Therefore, the occurrence of Henodus at the early to 
middle Carnian interval of the Algarve Basin remains contested.

The Henodus cranium recovered in the Algarve comes from a 
younger unit (Silves Marl-Carbonate Evaporitic Complex, sensu 
Vilas-Boas et al., 2024), which was constrained to be upper 
Carnian to Rhaetian/Hettangian in age. However, the site con
taining the described cranium lacks a precise age estimate. 
Despite attempts to palynologically date the site, samples 
obtained from Vale do Álamo and Rocha da Pena turned out 
to be palynologically sterile (Vilas-Boas personal communi
cation). Thus, placodont remains including the Henodus 
cranium uncovered within the Marl-Carbonate Evaporitic 
Complex are of younger, but precisely unknown, age when com
pared with both Parahenodus atancensis and Henodus chelyops 
from the Grabfeld Fm., extending the temporal range of 
Henodontidae.

Paleobiogeography of Henodontidae

All henodontid placodont-bearing sites correspond to the low 
latitude situated areas during the Late Triassic (ca. 15–30°N), 
located at the Laurasian continental margin (Fig. 10) in proximity 
to the Neotethys Ocean (Golonka, 2007; van Hinsbergen et al., 
2015; Scotese & Schettino, 2017).

The presented cranial, and the potential postcranial (i.e., 
dermal plates), material from the Algarve constitutes the 
second recorded occurrence of Henodus, which so far has been 
exclusively known from the Goldersbach near Tübingen- 
Lustnau situated in southwestern Germany, which represents 
the southern portion of the Germanic Basin (Aigner & Bach
mann, 1989; Franz et al., 2015; von Huene, 1936). The Algarve 
record extends the paleogeographic range of that genus outside 
of the Germanic Basin and enlarges it to the Laurasian coastal 
area near the western-most branch of the Neotethys (for 
interpretation of paleogeographic setting see Arche & López- 
Gómez, 2014; Gama et al., 2021; Ortí et al., 2017; Pereira et al., 
2017).

The fact that Henodus remains were found in those two distant 
areas demonstrates its distinct geographic distribution. Based on 
those occurrences, it seems possible that Henodus could have 
occupied either freshwater or brackish to shallow marine habi
tats (see below) within the south-western coast of Laurasia 
stretching along the occidental part of the Neotethys (Fig. 10).

The newly presented record of Henodus in the Algarve region 
contradicts the hypothesis of its endemic occurrence within the 
Germanic Basin. It was previously suggested that the apparent 
endemism of Henodus in the Germanic Basin might be a result 
of population isolation following the regressive phase during 
the Late Ladinian, leading to the retreat of epicontinental seas 
in continental Europe (Pinna, 1990). If applying Pinna’s (1990) 
hypothesis to the novel Algarve record, the localized occurrence 
of isolated Henodus populations along parts of the occidental 
Neotethys/Laurasian coast during the early Late Triassic 
remains a possibility. However, this would imply an earlier occur
rence and a relatively broad distribution of the genus before the 
regression event. Alternatively, considering a likely younger age 
of the Algarve record, upper Carnian or younger, dispersion 
events of Henodus at some point during the Late Triassic can 
also be considered. Nevertheless, the scarcity of the Henodus 
record hinders any further discussion on the paleobiogeographic 
history of this taxon.

The presented occurrence of Henodus is the second record 
of the Henodontidae in the Iberian Peninsula, after the 

discovery of the P. atancensis (de Miguel Chaves et al., 2018a, 
2020c; García-Ávila et al., 2021). Despite occurring in separate 
basins and at distinct distances from each other, the novel 
Henodus material illustrates that both henodontid genera were 
present in the Iberia near the westernmost part of the Neotethys 
(Fig. 10).

Paleoecology of Henodontidae

The sedimentological record of the Upper Triassic Silves 
Marl-Carbonate Evaporitic Complex in the Algarve indicates 
environmental conditions characterized by the deposition of 
interlayered evaporite-rich mudstones and limestones (see Sup
plementary File 1) under semi-arid climates, in floodplain and 
palustrine environments (Rucinśki, 2020). Due to the continental 
depositional setting prevalent in the studied area, the paleoenvir
onment inhabited by Henodus most likely represented either a 
freshwater/water body or a brackish water environment (Vilas- 
Boas et al., 2024). In the palynological study, Vilas-Boas et al. 
(2024) suggested coastal-lacustrine to sabkha environments for 
Silves Marl-Carbonate Evaporitic Complex, with an increased 
content of algal spores (i.e., Plaesiodictyon mosellanum, Botryo
cocucus spp., Ovoidities sp.), implying likely brackish conditions. 
A continental but near coastal depositional setting with alternat
ing shallow marine influence was also indicated by regional geo
logical and geochemical studies of the Algarve Upper Triassic 
deposits (Azerêdo et al., 2003; Palain, 1976, 1979; Santos et al., 
2022; Trindade et al., 2010). So far, all placodont remains at all 
recorded sites have been identified exclusively in carbonate or 
calcareous-rich beds, often associated with evaporites, which 
could suggest a potential linkage of their occurrence with water 
bodies characterized by fluctuating and likely overall elevated 
salinity.

Within the strata containing placodont fossils in the Algarve, 
no invertebrate material has been found so far, while discernible 
vertebrate remains are exclusively comprised of actinopterygian 
and chondrichthyan remains (Rucinśki, 2020). This conspicuous 
absence of invertebrates may be attributable to sampling bias 
or, more likely, a taphonomic bias resulting from the depletion 
of invertebrate records due to the dissolution of aragonitic 
remains in beds highly affected by pedogenesis (Rucinśki, 
2020). Nevertheless, a Late Triassic bivalve and gastropod assem
blage was retrieved from the easternmost sector of the Algarve 
Basin, in sections near the Ayamonte town (Santos et al., 
2022). These sections are construed as a succession of continental 
(alluvial) to marginal and shallow marine deposits, marked by 
oscillating marine episodes and freshwater influence (Santos 
et al., 2022). This fauna manifests moderate taxonomic diversity 
and is notably characterized by the prevalently diminutive size of 
specimens, typically not exceeding a few millimeters in diameter 
(Santos et al., 2022). Additionally, a sauropterygian neural arch 
has been unearthed in the discussed deposits (Reolid et al., 
2022; Santos et al., 2022).

The Grabfeld Fm. contains shales, nodular gypsum, salt, and 
pedogenic deposits formed in the succession of sabkha, coastal 
playa, and salina environments under the arid climate (Aigner 
& Bachmann, 1989; Franz et al., 2014; Shukla et al., 2010). Accord
ing to Richter (1985) and Aigner and Bachmann (1989), some car
bonates correspond to temporal marine ingressions, while the 
dolomites of the Estherienschichten, where H. chelyops was 
found, represent playa dolomites formed in the coastal salina 
mudflat setting. Consequently, they are likely associated with 
alternating freshwater to brackish and saline environments. 
Some interpretations characterize this setting as a restricted brack
ish lagoon exhibiting seasonal desiccation and significant salinity 
fluctuations (Mazin & Pinna, 1993; Pommery et al., 2021). Alterna
tively, if considering the proposed Schilfsandstein provenance of 
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the Henodus remains (Geyer et al., 2023), a lacustrine or lagoonal 
setting within an overall fluvio-deltaic system can be considered 
(Franz et al., 2014; Geyer et al., 2023; Shukla et al., 2010). The 
fauna retrieved from Henodus-bearing layers is notably sparse 
in terms of both abundance and diversity. It predominantly com
prises estherid conchostracans, with rare occurrences of gastro
pods and actinopterygians (Pommery et al., 2021; Reif & Stein, 
1999; Reiff, 1937; von Huene, 1936).

The Keuper siliciclastic to evaporitic facies in central Spain 
delineate coastal and shallow marine environments, transitioning 
spatially from alluvial plains and mudflats to coastal sabkha and 
shallow marine settings (García-Ávila et al., 2021). The El 
Atance site, bearing P. atacensis cranium, is attributed to the El 
Puente Formation. This formation is characterized by black 
lutite facies exhibiting sedimentological features indicative of 
predominantly low-energy conditions (García-Ávila et al., 
2021). The depositional setting at El Atance is interpreted as a 
spatially extensive shallow water lagoon. The inference of brack
ish conditions is drawn from sedimentological features indicative 
of a restricted connection to the open sea, the prevalence of typi
cally freshwater to brackish green algae such as Plaesiodictyon 
mosellanum, and the presence of sauropterygians, which are typi
cally associated with marine environments (García-Ávila et al., 
2021). In addition to P. atacensis, sauropterygians at this site 
include the simosaurid Paludidraco multidentatus de Miguel 
Chaves 2018 and indeterminate nothosaurs (de Miguel Chaves 
et al., 2018b; García-Ávila et al., 2021).

Considering the paleogeographic position and geological set
tings, it appears plausible that all known representatives of Heno
dontidae inhabited (near) coastal water bodies or shallow brackish 
lagoons within arid to semi-arid climates. Their habitat was quite 
likely subjected to high environmental fluctuation as suggested 
by mixed siliciclastic and carbonate, and overall evaporite rich, 
deposition with palynological data further indicating a complex 
interplay of marine and freshwater influences within the deposi
tional settings. The observed low-diversity assemblages, character
ized predominantly by small-sized fauna, may indicate 
environmental stress in the discussed habitats. However, uncer
tainties persist regarding the extent to which taphonomic pro
cesses may have influenced the observed low taxonomic diversity.

In summary, currently available records of Henodontidae 
point to the adaptation of these organisms to the colonization 
of habitats characterized by stringent environmental conditions 
within restricted marine, coastal brackish, and conceivably 
coastal freshwater settings. Some authors (Gere et al., 2024; 
Pinna, 1990; Rieppel, 2002a, 2002b) already hypothesized that 
development of unique morphological features such as enor
mous carapace and plastron (hypothesized to serve a function 
of an osmotic barrier), as well as cranial modifications (adap
tation to either filter feeding, herbivory or more likely generalist 
diet), can be possibly linked to the adaptation of Henodus to 
environments with depleted larger hard-shelled prey and highly 
fluctuating environmental conditions. Those conditions were 
noted to be more prevalent in the wake of the end-Ladinian 
regression event in areas corresponding to modern western 
Europe and thus coinciding with the Carnian record of 
Henodontidae. Our new study cannot confirm the outlined 
assumptions but existing data on paleoecology and paleoenvir
onmental settings of henodontid placodonts, including the 
novel Algarve material, appear at this point to be concordant 
with the previously proposed hypothesis.

CONCLUSIONS

Paleontological fieldwork conducted in the Algarve (southern 
Portugal) have unveiled an assemblage of placodont material 
originating from four sites and spanning multiple stratigraphic 
levels. The amassed collection predominantly comprises dermal 

armor plates, which can be classified into two distinct morpho
types. Morphotype 1, characterized by elongated hexagonal 
plates, is identified as Cyamodontoidea cf. Henodus. Meanwhile, 
morphotype 2, featuring equilateral osteoderms, is assigned to 
Cyamodontoidea indet. Both morphotypes might refer to speci
mens derived from distinct portions of the Henodus carapace, 
however, due to poor preservation and lack of associated 
material, this assumption cannot be confirmed.

The most informative placodont element (ML. A9182) is 
identified as a portion of the Henodus cranium. Assignation to 
Henodus sp. is based on i.a. the rectangular shape of the skull, 
the presence of a spatulate rostrum with toothless maxillae exhi
biting curved grooves, and the separation of palatines by the pter
ygoids. However, preservation and ambiguities in the 
interpretations of bones currently prevent taxonomic identifi
cation at the species level.

The ML. A9182 specimen constitutes the first discovery of 
Henodus since 1959 and the first record of that animal outside 
its type locality at the Goldersbach site near Tübingen–Lustnau 
in Germany. Thus, this new find extends the paleobiogeographic 
range of the previously supposed endemic Henodus, outside of 
the Germanic Basin, to the Laurasian coast of the westernmost 
branch of the occidental part of the Neotethys.

The chronostratigraphic constraints of the ML. A9182 bearing 
deposits are at this moment very poorly defined as likely relating 
to upper Carnian-Rhaetian range. This suggests a younger age 
compared with previous early Carnian records of Henodus and 
Parahenodus (or potentially the middle Carnian in the case of 
the former).

The discovery of the Algarve material assigned to Henodus in 
an area characterized by continental mixed siliciclastic-carbonate 
deposition, likely situated in the proximity of the Neotethys, 
concurs with earlier findings of Henodus and Parahenodus 
derived from coastal environments. The henodontid material col
lected thus far, coupled with its paleoenvironmental context, 
indicates that this group of derived cyamodontoid placodonts 
was adapted to brackish (and possibly freshwater) habitats 
characterized by likely medium to low faunal diversity.
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