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Abstract

For the first time, fossil evidence of anguine material is reported from the middle–late Tortonian Konservat-Lagerstätte locality of 
Libros (Teruel, Spain). So far, only mammals, birds, snakes, amphibians, insects and flora in excellent conditions of preservation 
were described from the lacustrine sediments of this site. The size and fragility of the new fossil, partially embedded in the sedi-
ment, required the application of non-invasive techniques for their study. Micro-CT scans were conducted, resulting in satisfactory 
three-dimensional models. The skeleton is partially articulated and preserves the nasal bone, dozens of vertebrae, eleven ribs and 
hundreds of osteoderms. Amongst them, the two best-preserved trunk vertebrae and one caudal vertebra, along with osteoderm 
dermal sculpturing, suggest attribution to the genus Pseudopus (Family Anguidae). This new fossil record not only provides infor-
mation from a global palaeobiogeographical perspective, but also constitutes a valuable contribution to the understanding of the 
ecosystems surrounding the Libros palaeolake.
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Introduction

The palaeontological site of Libros is regarded as one of the 
most prominent Lagerstätten of the Miocene (McNamara 
et al. 2012; Blain et al. 2023). The exceptional preser-
vation of its fossil remains has promoted taphonomic, 
taxonomic and environmental studies, which contribute to 
a more accurate reconstruction of the landscape of the site.

Minas de Libros, also known as “La azufrera” or “La 
zofrera” was a mining village exploited from the late 

18th to the mid-19th century. The exploitation focused 
mainly on gypsum-rich materials with sulphur occur-
rences from the Minas de Libros Unit, which forms 
part of the sedimentary infill of the Teruel Basin (Early 
Miocene–Late Pliocene), deposited over Triassic mate-
rials and Cretaceous carbonates. The fossils discovered 
during mining activities were not properly documented; 
instead, they were ultimately purchased from the 
workers and the local population (Castro 2002; Luque 
and Alcalá 2002), except for a fossil frog recovered in 
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2022 on the ceiling in one of the abandoned galleries of 
the mine (Blain et al. 2023).

It was not until 1920 that the first scientific investigations 
began with the studies conducted by Navás (1920, 1922). 
These studies revealed a substantial number of well-pre-
served specimens of ranids, salamandrids and snakes, as 
well as wading birds. Although a snake attributed to the 
natricid Natrix has been reported from the Libros site 
(Teruel), there is no published evidence confirming this 
yet (Navás 1922; Szyndlar and Alférez 2005; McNamara 
et al. 2016). Additionally, the presence of insects and 
arachnids was noted by Navás (1920, 1922), a subject that 
would later be addressed by Peñalver (1996). After that, 
the compilation of the recovered specimens extended to a 
list of numerous taxa. Olson (1995) described the finding 
of the bird Thiornis sociata. Fernández-Marrón (1972) 
published a preliminary ecological study with the iden-
tification of different specimens of insects (Hipporrhinus 
heeri, Cleonus försteri and aff. Rhymosia försteri), 
arachnids (suborder Araneomorphae) and leaves (Salix 
denticulata). Larval remains of dragonflies (suborder 
Anisoptera) have also been identified (Peñalver 1996). 
Several authors have documented the presence of frogs 
in lacustrine deposits through various research contexts, 
ranging from taphonomic studies (McNamara et al. 2010) 
to discussions regarding their phylogeny (Sanchíz Gil 
de Avalle 1977), as well as the identification of the only 
in situ Pelophylax pueyoi specimen (Blain et al. 2023). 
Finally, although a single mammal — a fossil beaver 
(Cuenca-Bescós 2020) — has been securely identified 
from the Libros site, historical references to additional 
mammalian remains from the area are reported by Román 
(1926, 1927) and summarised in Geological and Mining 
Institute of Spain (IGME 1983).

Likewise, the exceptional preservation of fossil 
remains has enabled the conservation of bird tracheae, 
gastropods ingested by frogs, the eyes of amphibian 
larvae and, in some cases, feathers in birds (Castro 2002).

The present paper focuses on the morphology and 
taxonomy of fossil in the slab MNCN 63766, which 
hosts a legless lizard of the genus Pseudopus (Anguidae, 
Anguinae) broadening the former diversity of taxa identi-
fied at the site, providing significant palaeoenvironmental 
information and, therefore, contributes to the reconstruc-
tion of the ancient landscape.

This new evidence enhances the fossil record of anguine 
lizards in the European Miocene, which is notable for the 
presence of Anguis, Fontisaurus, Ophisaurus s.l., Pseudopus 
and Smithosaurus (Alba et al. 2006; Klembara et al. 2010, 
2019; Klembara 2012; Marquina-Blasco et al. 2016, 
2025; Vasilyan et al. 2016, 2022; Čerňanský et al. 2017b; 
Klembara and Rummel 2018; Roček 2019; Villa and Delfino 
2019; Villa et al. 2021a, 2021b, 2025; Casanovas-Vilar et 
al. 2022; Loréal et al. 2023, 2025). Despite the abundance 
of the anguine fossil record, these findings are often based 
on disarticulated material, which makes understanding the 
evolutionary history of this subfamily difficult (Klembara et 
al. 2014). Furthermore, taxonomic identification, based on 

single skeletal elements, along with the lack of identification 
at the genus and/or species level, has led to a long list of 
synonyms as explained by Klembara et al. (2010).

To date, there are few articulated skeletons including 
postcranial elements preserved from the Miocene in Europe 
(Klembara et al. 2010; Čerňanský and Klembara 2017; 
Loréal et al. 2025), apart from the anguine from Libros site.

The discovery of MNCN 63766 enriches the Late 
Miocene fossil record of anguines from the Iberian 
Peninsula, thereby extending the known distribution of this 
subfamily within the region. Moreover, as one of the west-
ernmost records of Pseudopus in Eurasia, it may provide 
valuable insights into the palaeobiogeographic setting 
in relation to climatic changes. Similarly, the discovery 
of an anguine at the Libros site provides palaeoenviron-
mental information that contributes to the reconstruction 
of the landscape of this Konservat-Lagerstätte.

Geological context

The fossil site of Libros is located in the Teruel basin, 
northeast of the Iberian Peninsula (Fig. 1A, B). This 
Neogene half graben-like basin was controlled by tectonic 
extension and subsidence along its multiple faults located 
in the eastern part of the basin (Garcés et al. 1997; Alonso-
Zarza et al. 2002). The Early Miocene-Late Pliocene infill 
of the basin is deposited over the Upper Triassic gypsum 
and Cretaceous carbonates. The Libros lacustrine facies 
consist of different units (in stratigraphic order) (Fig. 
1C, D): 1) 150 m of detritic deposits (conglomerates, 
sandstones and reddish lutites); 2) 25 m of El Morrón 
gypsums; 3) 50 m of El Bolage limestones (wackestones 
and packstones) intercalated with marls and lignites 
with fossil remains and 4) 80–100 m of Libros gypsums 
(Garcés et al. 1997; Castro 2002). The Libros gypsum 
unit is well-preserved in Libros Village. This unit repre-
sents a marginal to deep sequence of lacustrine sediments 
of 120 m that begins with subunits of lutites and gypsums 
with limestones intercalations (Fig. 1D). While the lake 
deepens, the presence of gypsum is reduced to thin layers 
initiating a subunit of bituminous-calcareous mudstones. 
This sequence of laminated bituminous mudstones 
(including oil shales) and charophytic wackestones 
- packestones represents the deepest part of the lake 
(Anadón et al. 2004). This alternation suggests fluctua-
tions between oxic conditions and anoxic conditions due 
to the presence of fossiliferous carbonates (wackestones) 
and organic-rich mudstones, which also indicates a low 
sedimentation rate and energy deposited in non-saline 
or slightly saline waters (Anadón et al. 1992; Castro 
2002). In the upper part of the stratigraphic section, as 
depth decreases, carbonates begin to be replaced by thin-
bedded clotted gypsums. For the occurrences of sulphurs 
along the Libros gypsum unit, isotopic studies carried out 
show an early sulphate-reducing bacterial activity in the 
lake bottom. In view of that, Ortí et al. (2003) suggested 
that the sulphate was derived from the chemical recycling 
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of Triassic evaporites. The unit, referred to as the Libros 
Gypsum unit, corresponds to the Vindobonian–Pontian 
sequence (middle–late Tortonian), described in detail in 
geological studies by the Geological and Mining Institute 
of Spain (IGME 1983), within which sedimentary 

structures, such as cross-bedding and synsedimentary 
palaeochannels, have been documented.

Geological, stratigraphic and palaeontological factors 
indicate a lacustrine setting that supported the presence of 
life; however, the exceptional preservation of fossil remains 

Figure 1. Geographic and geological context of the fossil site of Libros (modified from IGME (1983); Ortí et al. (2010); Blain et al. 
(2023)). A Geographic map of the Iberian Peninsula; B Topographic and geological map of the Libros area; C General stratigraphic sec-
tion of Las Minas area; D Detailed stratigraphic section of the Libros Gypsum unit with the approximate stratigraphic position of the fossil.
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is primarily related to specific taphonomic conditions, 
likely involving low-oxygen environments and reduced 
biological activity. These types of Konservat-Lagerstätten 
lakes are well documented in the fossil record, such as the 
Eocene German sites of Messel Pit (Smith et al. 2018) and 
Geiseltal (Falk et al. 2022) or the Pliocene lake of Camp 
dels Ninots in Spain (Gómez de Soler et al. 2012).

Both stratigraphic sequences are modified from those 
of Ortí et al. (2010). The red triangle marks the location 
of the village of Minas de Libros in the map.

Material and methods

The specimen herein described is preserved in a slab of 
bituminous mudstone, a fragile lithology whose lami-
nations facilitate fracture along these layers (Fig. 2), 
measuring 41 × 22 cm. The fossil remains are mostly 
embedded and partially articulated. Although preliminary 
observations indicate the presence of cranial elements, 
vertebrae, ribs and osteoderms, their millimetric size 
and accumulation in a dense mass of poorly distinguish-
able remains hinder detailed identification through direct 
examination. This limitation justifies the application of 
computed tomography techniques.

The fossil slab is housed at the MNCN in Madrid 
(collection number MNCN 63766). Although the exact 
origin of this slab is uncertain, it was most likely recov-
ered after mining activities and subsequently circulated 
amongst mine workers.

The precise stratigraphic position of this specimen, as 
in the case for most fossils from Libros, remains uncer-
tain due to insufficient documentation and lack of precise 
georeferencing of the remains. Nevertheless, the palaeon-
tological material has always been considered to belong to 
the same age range within the fossil site of Libros, based 
on geological and stratigraphical inferences (McNamara 
et al. 2010; Cuenca-Bescós 2020; Blain et al. 2023).

It is estimated that it originally came from the deep 
evaporitic-lacustrine facies of the Libros Unit (Fig. 1), 
as proposed for the majority of fossil remains from the 
Libros site (Ortí et al. 2010). The skeletal remains are 
preserved parallel to the lamination of the bituminous 
mudstones, as defined by McNamara et al. (2010).

X-ray microtomography

µ-CT scans were carried out in the computed tomography 
laboratory of the MNCN in Madrid. Due to the extreme 
fragility of the slab, resulting from its thinness relative to 
its length, special care was required during handling and 
scanning. To ensure its integrity and safety throughout the 
process, the restoration and computed tomography team 
designed and prepared a suitable support to protect it.

Given the dimensions of the slab, the small size of the 
fossil remains and the dimensions of the scanning device, 

three µ-CT scans were performed (Fig. 2A) with the 
CT-SCAN- XT H-160 NIKON. The maximum energy of 
these X-ray scanners is about 160 kV offering a maximum 
resolution of 3 µm.

The three scans were taken from three sections of the 
fossil slab, each with a maximum length of 12 cm, thus 
obtaining high resolution (Fig. 2). The three sections 
are referred to as upper, middle and lower, based on the 
orientation of the slab as illustrated in Fig. 2.

Digital reconstructions were made with 3D Slicer 
(Fedorov et al. 2012) (Figs 2, 3). This free and open 
access software allows the segmentation of the 2D 
images and the visualisation of the 3D models obtained. 
The measurements of the different skeletal remains were 
also obtained with this software. The identified skel-
etal remains are designated as MNCN 63766-1, MNCN 
63766-2 and so forth, in accordance with the nomencla-
ture employed by the collections service of the MNCN. 
As mentioned earlier, the lack of stratigraphic informa-
tion for many of the fossils recovered from the Libros 
site made it impossible to determine their accurate posi-
tioning in the lake deposits and they can only be broadly 
assigned to the bituminous shale facies, based on their 
lithological context (Fig. 1).

Specimens examined

For the description, taxonomic identification and 
comparisons, various extinct and extant taxa were 
examined, all of which were compared with MNCN 
63766. The complete list of specimens and their refer-
ences is provided in the supplementary material (see 
Suppl. material 1). This list also includes the extant 
specimens of Pseudopus apodus, Anguis fragilis and 
Ophisaurus ventralis from the modern herpetological 
collections of the MNCN in Madrid (Spain) and the 
Massimo Delfino Herpetological Collection (MDHC) 
in Torino (Italy) which were consulted for this study. 
Fejérváry-Lángh (1923), Hoffstetter (1942) and 
Rauscher (1992) have been reviewed for the identifica-
tion and comparison of osteoderms.

Finally, due to the partial preservation of the verte-
bral remains, only a few measurements could be 
obtained. These measurements were selected, based 
on their potential utility for the identification of the 
specimen from Libros site. Specifically, these meas-
urements include the minimum centrum width, the 
vertebral length and the length-to-width ratio of the 
trunk vertebrae; full data are available in the supple-
mentary material (see Suppl. material 2).

Data resources

Supplementary data for this manuscript can be 
found online in the CORA repository: https://doi.

https://doi.org/10.34810/data2830
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org/10.34810/data2830, while all 3D models used in 
this study are deposited in the Morphosource reposi-
tory: https://doi.org/10.17602/M2/M797951;https://doi.
org/10.17602/M2/M798095; https://doi.org/10.17602/
M2/M798101;https://doi.org/10.17602/M2/M798131; 
https://doi.org/10.17602/M2/M798137;https://doi.
org/10.17602/M2/M797973; https://doi.org/10.17602/

M2/M795563;https://doi.org/10.17602/M2/M798089; 
https://doi.org/10.17602/M2/M795578;https://doi.
org/10.17602/M2/M795584.

Institutional abbreviations — IPHES-CERCA, 
Institut Català de Paleoecologia Humana i Evolució 
Social, Tarragona, Spain; MNCN, Museo Nacional de 
Ciencias Naturales, Madrid, Spain.

Figure 2. A. Fossil slab MNCN 63766 divided into scanning sections and 3D reconstructions of the specimen. In the fossil slab, 
skeletal elements are shown in yellow for the nasal bone, in green for the vertebrae, in orange for the ribs and in pink for the osteo-
derms. The vertebrae that have been described are highlighted in warm yellow for the dorsal vertebrae and in blue for the caudal ver-
tebra. Specifically, the described remains are: B. The nasal bone (MNCN 63766-1) in dorsal view; C. The dorsal vertebra (MNCN 
63766-2) in dorsal view; D. The dorsal vertebra (MNCN 63766-3) in ventral view; E. The caudal vertebra (MNCN 63766-4) in 
posterior view; F. The rib in posterior view.
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Results
Systematic Palaeontology

SQUAMATA Oppel, 1811.
ANGUIMORPHA Furbringer, 1900.
ANGUIDAE Gray, 1825.
ANGUINAE Gray, 1825.
Pseudopus Merrem, 1820.
cf. Pseudopus sp.

Referred specimen–– MNCN 63766, a partial skeleton 
from the Late Miocene of Libros (Teruel, Spain).

Anatomical description using scanner 
technologies

The 3D models show a partially articulated skeleton in 
which only vertebrae and some osteoderms are articu-
lated (Figs 2, 3). Most of the remains are damaged and 

their distribution results in a mass of bones that, upon 
naked-eye examination, are difficult to describe and, 
in most cases, to identify. The abundance of skeletal 
elements decreases towards the peripheries of the carcass. 
Micro-CT scans display cranial and postcranial remains 
embedded in their dorsal or ventral side.

The cranial elements are severely fragmented and 
impossible to identify, with the exception of an anterior 
fragment of a nasal bone (Figs 2B, 3C, 4).

The same is true for the postcranial remains. Vertebrae, 
ribs and osteoderms are identified, but most of them are 
heavily damaged. Micro-CT scans only show three isolated 
vertebrae perfectly identifiable. Similarly, fragments of 
both dorsal and caudal portions of the vertebral column, 
partially connected, have been observed. The preservation 
of the neural spine is the only feature that allowed for their 
identification, but not for a proper description.

Eleven ribs and hundreds of osteoderms have also been 
identified in the micro-CT scans. The ribs are frequently 
well preserved. The sculpturing of the osteoderms is 
barely discernible.

Figure 3. A Reconstruction of the possible death position of the specimen MNCN 63766. In red, the identified vertebral remains, in grey, 
the remains of unidentified vertebrae, in orange, the ribs, in dark grey, the cranial remains and in white, the osteoderms. 3D reconstructions 
of the nasal bone (B) and dorsal surface of the vertebrae (C–F). The arrow points to the anterior part of the specimen. Scale bars: 2 mm.
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According to the disposition of the bones along the 
slab, the living specimen would have had a minimum 
total length of 50 cm. The state of preservation of 
most of the vertebrae makes it impossible to esti-
mate the maximum length this specimen could have 
reached. In fact, the difference in snout-vent length 
(SVL) varies considerably amongst Anguidae species. 
For example, in Pseudopus apodus, SVL ranges from 

25 to 40 cm, whereas in Anguis, it ranges from 10 to 
20 cm (Lambertz et al. 2018).

Nasal –– The nasal bone is exposed on its dorsal side. 
Despite being fractured and not completely preserved, a 
lateral extension of the sculptured surface beyond the margin 
of the main body of the bone is observed (Fig. 4A, B).

The anteromedial smooth surface of the bone corre-
sponds to the articular facet for the ascending nasal 

Figure 4. Fossil remains from the specimen MNCN 63766: nasal bone (MNCN 63766-1) in dorsal (A) and ventral 
(B) views; dorsal vertebra (MNCN 63766-2) in dorsal (C), ventral (D), posterior (E), anterior (F) and lateral (G, H) 
views; dorsal vertebra (MNCN 63766-3) in ventral (I), dorsal (J), anterior (K), posterior (L), lateral (M-N) views; 
caudal vertebra (MNCN 63766-4) in posterior (O), anterior (P), lateral (Q, R), dorsal (S) and ventral (T) views; ribs 
in posterior (U), anterior (V) and medial (W) views; caudal osteoderms in external (X, Y) and  internal views (Z, AA); 
medial dorsal osteoderms in external (AB) and internal views (AC) and articulated osteoderms (AD). The osteoderms 
were coloured red to better highlight the dermal sculpture.
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process of the premaxilla and the ventral surface is 
smooth. In lateral view, it is slightly convex.

Dorsal vertebrae –– Fragments of the dorsal vertebrae 
were found scattered on the slab. The high degree of frag-
mentation of these remains results in only the dorsal and/
or the ventral surfaces of the vertebrae being preserved 
(Figs 2C, D, 4C–N). Some of them are partially articu-
lated preserving the neural spine (Fig. 3C).

In the upper section of the slab, an isolated vertebra 
(MNCN 63766-2) is preserved, including the neural spine, 
the prezygapophyses and the postzygapophyses (Figs 2C, 
4C–H). The neural spine is laterally and antero-posteri-
orly elongated. The pre- and postzygapophyses extend 
laterally. Another isolated vertebra (MNCN 63766-3) 
is found in the lower section of the plate preserving the 
ventral, posterior and anterior surfaces (Figs 2D, 4I–N). 
In ventral view, the subcentral ridges are straight and 
broaden towards the anterior part, outlining a triangular 
morphology. The ventral surface is flat. The cotyle is 
elliptical in shape and not pronouncedly depressed. The 
synapophyses expand anterolaterally. Almost the entirety 
of the condyle is preserved, which makes it possible to 
identify its dorsoventrally depressed, elliptical shape.

Caudal vertebrae –– Fragments of caudal vertebrae 
are preserved, sometimes articulated (Fig. 3D–F). The 
vertebrae are highly fragmented, preserving only part of 
the dorsal surface, which is embedded in hard sediment. 
In some cases, the neural spine is also preserved (Fig. 
3D–F). The neural spine exhibits a widening in its prox-
imal portion, which narrows abruptly towards its end, 
culminating in a rounded tip.

Only one isolated caudal vertebra (MNCN 63766-4) is 
better preserved (Figs 2E, 4O–T). The posterior surface 
is embedded in hard sediments. Fragments located near 
the ventral surface of the vertebra could hypothetically 
belong to fragmented pleurapophyses, which are not 
preserved in connection with the vertebra. In lateral view, 
the postzygapophyses are expanded more dorsally than 
posteriorly, almost reaching the posterior margin of the 
condyle. In dorsal view, they expand more anteroposte-
riorly than laterally with an angle of almost 40° (from 
the horizontal plane). The inner margins of the postzyga-
pophyses are slightly curved. The neural spine gradually 
narrows dorsally and is slightly damaged at its pointed 
end. Laterally, the posterior surface of the neural spine is 
straight. In lateral view, there is no constriction at about 
the mid-length of the neural spine. The condyle is ellip-
tical and not depressed and the neural canal is oval. The 
haemal arch (haemapophyses) is fractured, but its most 
proximal part is fused to the vertebra. The haemal spine 
is not preserved. In ventral view, the subcentral ridges are 
straight as in the dorsal vertebra (Fig. 4I–N).

According to these traits and based on comparisons 
with fossils and extant specimens, we identify MNCN 
63766-3 as a caudal vertebra.

Ribs –– Eleven ribs are preserved (Figs 2F, 4U–W). 
At the holocephalous head of the rib, the anteroventral 
and posterodorsal processes are not developed in the 

well-preserved ribs. There is no evidence of taphonomic 
phenomena that could have fragmented these processes. 
The ribs are curved slightly ventrally and narrow distally. 
The distal end of the rib is preserved in almost all of them.

Osteoderms –– Hundreds of osteoderms are preserved 
in various states of exposure, showing either their external 
or internal surfaces (Figs 2, 4X–AD). They can be found 
articulated, associated, but disarticulated or isolated. In 
the upper section, the osteoderms are exposed in external 
view and are in anatomical connection. In the intermediate 
section, they are exposed in either external or internal views 
and are partially articulated and dispersed towards the most 
distal part of the specimen. Finally, in the lower section, 
the osteoderms are entirely dispersed. Osteoderms are flat 
structures, with a thickness slightly less than 0.5 mm and 
exhibit a variety of sizes, generally ranging from 2 to 3 mm. 
The smaller osteoderms are located in the lower section and 
have a more elongated morphology. In contrast, in the upper 
section, the osteoderms are larger and display more square 
and rectangular shapes. The internal surface of the osteo-
derms is smooth and slightly concave. The external surface 
has a weakly developed ridge running along its middle part. 
The exposed surface of the osteoderms, which is usually 
the external one, does not preserve totally the sculpturing. 
Due to this, the latter is difficult to reconstruct virtually, 
but it is possible to identify it in some of the osteoderms. 
However, amongst those that are preserved articulated, the 
central ridge is perfectly visible (Fig. 4AD). Following the 
works of Fejérváry-Lángh (1923), Hoffstetter (1942) and 
Rauscher (1992), medial dorsal and caudal medial osteo-
derms could be identified in the upper and middle sections 
(Figs 2, 3). Ventral osteoderms are present at the periphery 
of the carcass. Similar to the other osteoderms, the sculp-
turing cannot be digitised, as it is either not fully preserved 
or not fully developed (Figs 2, 3).

Taphonomic inferences

Based on the disposition of the articulated vertebrae and the 
hypothetical location of the skull, we infer the death posture 
of the specimen (Fig. 3). In the upper scanned section (see 
Material and Methods and Fig. 2), the presence of articu-
lated dorsal and caudal vertebrae suggests that the dorsal 
part of the vertebral column could extend downwards and 
curve upwards to connect with the articulated caudal part. 
This disposition has previously been documented in sites 
such as Messel Pit, specifically in specimens of snakes 
(Smith and Wuttke 2012; McNamara et al. 2016).

The distribution of skeletal elements along the slab 
provides insight into the post-mortem processes. The 
preservation is partial and the remains show varying 
degrees of wear. Only some elements are preserved in 
good condition, typically on the surfaces that remain 
embedded in the sediment, whereas exposed surfaces 
are more affected by degradation. A similar pattern of 
preservation is documented in other anguid specimens 
(Čerňanský and Klembara 2017).
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The remains are unevenly distributed, showing 
distinct patterns of articulation and dispersal across the 
slab. In the upper and middle sections, the specimen 
preserves partially articulated regions. In these areas, 
vertebrae remain in anatomical connection and are asso-
ciated with numerous osteoderms. Despite this, many 
elements exhibit fractures, particularly affecting the 
neural spines and haemal arches.

In contrast, the central portion of the slab, corre-
sponding to a coiled region of the body where the 
vertebral column bends and the caudal portion curves 
upwards towards the anterior region, shows a markedly 
different pattern. In this coiled portion, no articulated 
vertebrae are preserved. Instead, the remains are disartic-
ulated and redistributed.

The lower section of the slab contains a concentra-
tion of displaced elements, including ribs, osteoderms 
and occasional dorsal vertebrae. This pattern suggests 
post-mortem disruption and limited redistribution 
within the boundaries of the carcass. This distribu-
tion is consistent with the rupture of the abdominal 
region due to the accumulation of gases, which may 
have caused an explosion of the visceral cavity. These 
processes have been simulated in reptiles (Richter and 
Wuttke 2012) and mammals (Schwermann et al. 2012). 
This could support the hypothesis that the rupture of the 
abdominal region due to gas accumulation contributed 
to the scattering of these elements.

According to the taphonomic experiments of Lev et 
al. (2020), none of the modifications of the bone surface 
of squamate vertebrae exposed in aerial conditions (i.e. 
trampling) can be observed on MNCN 63766. In addition, 
no modifications due to abrasion or digestion are visible. 
This type of surface alteration may reflect post-depo-
sitional modification, potentially caused by sediment 
abrasion in an aquatic environment (e.g. fluvial trans-
port), although the precise mechanism remains uncertain. 

Discussion
Taxonomic identification of the libros material

Comparative studies with extinct and extant genera have 
been carried out to identify distinctive traits in vertebrae 
and osteoderms that facilitate genus identification.

Vertebrae represent the most abundant and 
readily identifiable elements in the fossil record of 
lizards. Diagnostic traits, including variations in the 
morphology and size of the vertebral apophyses and the 
neural spine, as well as the shape of the centrum and 
the proportions between the neural canal and the cotyle, 
are useful for taxonomic classification (see Klembara 
et al. (2010); Čerňanský et al. (2019)). However, in 
most cases, they have not been identified at the genus 
level (Čerňanský et al. 2017b; Vasilyan et al. 2022), as 
fossil vertebrae are often fragmented (e.g. Čerňanský et 
al. (2017b); Čerňanský and Klembara (2017)), which 

complicates taxonomic identification. This is also the 
case in the specimen from the Libros site, where the 
remains are fragmented and/or incompletely preserved. 
Moreover, taxonomic identification, based solely on 
isolated elements, complicates our understanding of 
vertebral morphology and the association between 
cranial and postcranial bones.

In the case of osteoderms, they are not in optimal condi-
tion for taxonomic identification, based on morphological 
aspects. Using 2D images from micro-CT scanners and 
some 3D models, it is possible to observe their sculp-
turing for comparison purposes.

CT-scans also show the alignment of the vertebrae in 
an elongated vertebral column, with a pattern that may 
resemble the appearance of a snake or an elongated lizard.

Regarding the dorsal vertebrae, in MNCN 63766, the 
ventral surface of the centrum is flat, a characteristic 
trait in amphisbaenians, Varanidae, Helodermatidae and 
Anguidae (Augé 2005). The absence or strong reduction 
of the neural spine in amphisbaenians permits us to rule 
out an attribution of this fossil from Libros site to these 
squamates. The absence of limbs and girdles may suggest 
that MNCN 63766 belonged to a limbless squamate, 
although their absence may be due to taphonomic loss. 
In addition to this trait, the families Helodermatidae and 
Varanidae can be excluded, based on differences with 
MNCN 63766, specifically in osteoderm morphology 
and sculpturing in the case of Helodermatidae and 
vertebral morphology in the case of Varanidae. The oste-
oderms of Helodermatidae exhibit shapes ranging from 
hexagonal to circular and even dome-like, with tuber-
culated sculpturing (Bhullar and Smith 2008). On the 
other hand, in Varanus, the vertebrae are usually larger 
and more robust than observed in MNCN 63766, the 
condyle is more flattened than in our fossil and there is 
a precondylar constriction in ventral view (e.g. Smith 
et al. (2008)), which is absent in the Libros squamate. 
Likewise, the neural spine of the caudal vertebrae is not 
only longer in Varanus than that observed in MNCN 
63766, but also in monitor lizards, it becomes narrow 
towards its dorsal side (Woolley et al. 2025). Although 
the non-preservation of the limbs could be due to a 
taphonomic bias, the elongation of the body and the 
large number of vertebrae are associated with limb loss 
or reduction, as explained in Wiens and Slingluff (2001); 
see also Čerňanský and Klembara (2017). On the other 
hand, the vertebrae of MNCN 63766 are not as robust 
as those of limbed lizards. Conrad et al. (2012) indi-
cated that regions of the vertebral column supporting 
the limbs are proportionally more robust. These charac-
ters, together with the disposition of osteoderms along 
the body, suggest a close affinity of the fossil described 
from Libros site with the family Anguidae.

Comparisons between MNCN 63766 and the American 
lineages Gerrhonotinae (Scarpetta 2018) and Anniellinae 
(Bell and Whistler 1996) as well as Diploglossidae 
(Syromyatnikova and Aranda 2023) show that the cranial 
and postcranial remains of our specimen are large, in 



fr.pensoft.net

Adriana Linares-Martín et al.: Late Miocene anguid from Libros (Spain)420

the context of anguioids. Likewise, the osteoderms 
of our specimen differ from those of Glyptosaurinae 
(Augé 2005; Glyptosauridae in an alternative taxonomic 
scheme; see Čerňanský et al. (2023)), which are irregular 
and/or hexagonal with a tuberculate sculpturing pattern, 
as observed in the Eocene anguid, Placosaurus rugosus, 
whose osteoderms are also thick.

Within the subfamily Anguinae, the undetermined 
material from the Eocene and Miocene (Suppl. material 
2) differs from MNCN 63766 in the subcentral ridges of 
the vertebra, which are less straight, and in having greater 
length-to-width ratio compared to our specimen.

MNCN 63766 differs from Anguis in the following 
features: 1) the inner margins of the postzygapophyses, 
in dorsal view, are slightly more curved in the vertebrae 
of Anguis than in those observed in MNCN 63766; 2) in 
dorsal view, the postzygapophyses expand slightly more 
posteriorly in the vertebrae of Anguis than laterally as in 
the vertebrae of MNCN 63766; 3) the subcentral ridges 
of the dorsal vertebra are straight and oblique in MNCN 
63766 and parallel in Anguis with their anteriormost 
regions expanded laterally; 4) in dorsal and ventral views, 
the length-to-width ratio of the dorsal vertebra is higher in 
Anguis than in MNCN 63766, emulating a somewhat elon-
gated shape; and 5) the neural spine of the caudal and sacral 
vertebrae is wide and short in Anguis, in contrast to the 
narrow and long neural spine observed in MNCN 63766.

MNCN 63766 differs from Ophisaurus in the following 
features: 1) in ventral view, the subcentral ridges of the 
dorsal vertebra are concave in Ophisaurus; 2) the condyle in 
posterior view and the cotyle in anterior view are small and 
slightly flatter in the vertebrae of Ophisaurus; 3) the neural 
spine of the caudal and sacral vertebra in Ophisaurus is 
wide and short and/or not as expanded posteriorly in lateral 
view; 4) in dorsal view, the postzygapophyses of the caudal 
vertebrae are expanded more posteriorly than laterally in 
Ophisaurus. Similarly, in lateral view, the postzygapophyses 
are either not expanded dorsally or are slightly expanded; 5) 
in dorsal view, the length-to-width ratio of the vertebrae is 
higher in Ophisaurus than in MNCN 63766, emulating an 
elongated shape; 6) in the sacral and caudal vertebrae, the 
postzygapophyses have different orientations, expanding 
from laterally (O. ventralis) to posteriorly (O. mimicus), the 
latter being similar to MNCN 63766; and 7) the osteoderms 
of Ophisaurus morphotype 1 (Klembara et al. 2019) and 
that of Ophisaurus spinari are larger than our specimen.

Morphological characters of the caudal vertebrae of 
O. mimicus are closer to our specimen, including: 1) the 
morphology of the condyle and 2) the anteroposterior 
extension of the postzygapophyses. Nevertheless, the 
postzygapophyses of the caudal vertebra of O. mimicus 
are not as dorsally expanded in lateral view as in MNCN 
63766-4.

Likewise, the North African specimens of Ophisaurus 
(= Hyalosaurus) and South Asian specimens (= Dopasia) 
(Gray 1853; Günther 1873) are discarded due to their 
morphological similarity to Ophisaurus and their small 
size compared with MNCN 63766.

The differences between MNCN 63766 and Ragesaurus 
and Smithosaurus are based on the size of the scarce 
preserved cranial remains, which are larger in MNCN 
63766. Comparisons with Fontisaurus are largely prevented 
by the available material of the latter genus, which is 
currently limited to an articulated cranium with a few asso-
ciated postcranial bones from north-eastern Iberia and an 
isolated parietal from Germany (Villa et al. 2025). Ongoing 
study by some of the authors may suggest that the vertebral 
morphology of Fontisaurus is indeed different from that of 
Pseudopus (and, by extension, that of the Libros anguine; 
A.V., pers. obs.), but this should be confirmed by additional 
work. In any case, for the time being, we preliminarily 
disregard Fontisaurus affinities for the Libros specimen, 
based on the Pseudopus features of the dorsal vertebrae (i.e. 
triangular vertebral centrum in ventral view, with straight 
lateral margins converging posteriorly).

After discarding all previously mentioned anguid 
specimens, we propose a list of characters observed in the 
species of the genus Pseudopus (P. apodus, P. pannon-
icus, P. laurillardi, P. ahnikoviensis and P. confertus), 
which are shared with MNCN 63766: 1) in ventral and 
dorsal views, the length-to-width ratio of the vertebrae is 
low, emulating a quadrangular shape; 2) in dorsal view, 
the inner margins of the postzygapophyses are straight in 
the dorsal, sacral and caudal vertebrae; 3) in dorsal view, 
the postzygapophyses of the dorsal and caudal vertebrae 
are expanded more laterally than posteriorly; 4) in lateral 
view, the neural spine of the dorsal vertebrae is short 
and wide. In the caudal vertebrae, the spine is narrow 
and posteriorly extended; 5) the subcentral ridges of the 
dorsal vertebra are straight; and 6) in posterior view, the 
morphology of the condyle is elliptical.

However, MNCN 63766 possesses characteristics that 
distinguish it from Pseudopus: 1) the vertebrae of MNCN 
63766 are smaller than usual in Pseudopus; 2) the neural 
spine of the dorsal vertebra in MNCN 63766 is slightly 
more extended posteriorly than dorsally and 3) the neural 
canal of the caudal vertebra has a pronounced arch shape 
in MNCN 63766.

In view of all these considerations, we carefully 
identified MNCN 63766 as cf. Pseudopus. In fact, its 
identification as Pseudopus, together with the known body 
size of the genus (25–40 cm from the snout to the vent; 
Lambertz et al. (2018)), supports the interpretation that at 
least the entire trunk and a portion of the tail are preserved. 
This would be consistent with the finding of only ribs and 
a greater dispersion of remains in the lower section of 
the fossil slab, likely resulting from an explosion caused 
by gas accumulation in the viscera. On the other hand, 
given that the tail of a glass lizard is longer than its body 
(even extending to twice its length; Spinner et al. (2015); 
Kukushkin and Dovgal (2018)), this specimen could be 
expected to reach approximately one metre in total length.

The overall body proportions, excluding the skull, are 
consistent with those of an adult or subadult specimen. 
Moreover, according to Čerňanský et al. (2019), there is 
an important vertebral feature for identifying a juvenile 
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Pseudopus; the subcentral ridges of the dorsal vertebrae 
are slightly concave. This character is not observed in 
MNCN 63766, supporting its status as an adult.

Lastly, the incomplete development or partial preserva-
tion of the osteoderm sculpturing cannot be conclusively 
associated with the subadult stage of this individual, nor 
solely attributed to taphonomic processes.

Palaeobiogeography of genus Pseudopus 
during the Miocene and Pliocene

The Miocene–Pliocene fossil record of the genus 
Pseudopus shows a wide distribution across Eurasia. 
The spatial distribution of occurrences suggests a broad 
geographic range during the Miocene, particularly in 
Central Europe and western Asia, where several species 
(e.g. P. laurillardi, P. pannonicus, P. ahnikoviensis, 
P. confertus) have been documented (Klembara 2015; 
Čerňanský et al. 2017b; Klembara and Rummel 2018; 
Đurić 2019; Loréal et al. 2023; see Suppl. material 1 
for additional references). This pattern is consistent 
with previously proposed links between the expansion 
of Pseudopus and warm climatic intervals, such as the 
Miocene Climatic Optimum (Klembara et al. 2010).

The temporal and geographical distribution of 
Pseudopus occurrences (see Loréal et al. (2025)) further 
supports this pattern, with a higher number of records 
during intervals interpreted as relatively warm and 
climatically stable (Klembara et al. 2010). Although this 
correlation should be interpreted cautiously, it is consis-
tent with the general sensitivity of ectothermic vertebrates 
to temperature (Böhme 2003; Böhme and Vasilyan 2014). 
Following this interval, a reduction in the number of 
records and a more restricted geographic distribution can 
be observed, particularly towards the Late Miocene.

Within this framework, the Iberian Peninsula 
represents the westernmost extent of the genus in 
Eurasia. Several localities in eastern Spain document the 
presence of Pseudopus during the Miocene (Alba et al. 
2006; Marquina et al. 2016, 2025; Casanovas-Vilar et al. 
2022) and the specimen from Libros (Teruel) adds to this 
record. Its position, both geographically and chronolog-
ically, is consistent with the persistence of the genus in 
south-western Europe during the Late Miocene.

The distribution of Iberian occurrences through time 
suggests that Pseudopus remained present in the region 
even during intervals of increasing aridity towards the 
end of the Miocene (Jiménez-Moreno et al. 2010, 2013). 
This may indicate a certain degree of ecological flexi-
bility within the genus, as also suggested by the ecology 
of the extant Pseudopus apodus (Valakos et al. 2008).

During the Pliocene, Pseudopus pannonicus is mainly 
recorded in Central and Eastern Europe (Čerňanský et al. 
2017a; Loréal et al. 2025), indicating a more restricted distri-
bution compared to the Miocene. The temporal trend could 
suggest a decline in the number of occurrences towards the 
end of this interval, possibly related to long-term climatic 

changes (Salzmann et al. 2011; Jiménez-Moreno et al. 
2013), although this interpretation remains tentative.

Overall, the patterns observed in both the spatial and 
temporal distribution of Pseudopus suggest that its evolu-
tionary history during the Miocene and Pliocene was 
influenced by large-scale climatic trends. In this context, 
the Libros specimen provides additional evidence for 
the presence of the genus in the westernmost part of its 
Eurasian range during the Late Miocene.

Contribution to the palaeoenvironment of 
Libros site

To date, the faunistic list and the excellent preserva-
tion of the fossil remains offer valuable insights into the 
palaeoenvironment of the fossil site of Libros. Although 
detailed palaeoenvironmental reconstruction has not 
been suggested, several authors have considered different 
ecological aspects. McNamara et al. (2012) mentioned 
some environmental factors (e.g. geological, hydrological 
and sedimentological) that are conducive to the optimal 
preservation of fossil remains.

Anoxic waters, which inhibit bioturbation, facilitated 
the exceptional preservation of fossil remains at the lake 
bottom following death.

The lithological factors and associated geochemical 
processes are consistent with previous palaeoenviron-
mental observations (Ortí et al. 2003; Anadón et al. 2004; 
McNamara et al. 2012; Falk et al. 2022; Martínez-Monzón 
et al. 2023). The presence of sulphur compounds is consis-
tent with bacterial sulphate reduction processes, typical of 
anoxic environments (Deng et al. 2018). In addition, the 
occurrence of lignite indicates the accumulation and preser-
vation of organic matter under oxygen-depleted conditions 
(Rodríguez Pire 1951; Falk et al. 2022). Collectively, 
these features are characteristic of lacustrine and wetland 
systems (Smieja-Król et al. 2015; Lu et al. 2017; Deng et 
al. 2018). According to IGME (1983), the Vindobonian–
Pontian units contain sedimentary structures, such as 
cross-bedding and synsedimentary palaeochannels, which, 
in this context, may reflect a local swamp or marsh episode 
rather than a purely lacustrine environment.

This interpretation is reinforced by the presence of 
riparian vegetation (e.g. Salicaceae) and taxa associated 
with lentic or slow-flowing waters, including aquatic birds 
(Thiornis sociata), amphibians (Pelophylax pueyoi and 
Pelophylax quellembergi) and semi-aquatic mammals. 
Beavers, in particular, may have acted as ecosystem engi-
neers, promoting the formation of shallow waterbodies 
through dam-building activities (Brazier et al. 2021). 
Such processes increase habitat heterogeneity, enhance 
organic matter accumulation and support the develop-
ment of riparian vegetation (Campbell-Palmer et al. 2016; 
Dalbeck et al. 2020). These conditions are generally 
favourable for amphibian reproduction and larval devel-
opment (Bylak et al. 2014; Dalbeck et al. 2014), although 
they may locally restrict fish populations by altering 
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hydrological connectivity and oxygen dynamics. In this 
sense, fish migrations could be impeded during periods 
of low water flow, as suggested by Lokteff et al. (2013).

Within this framework, the presence of Anguidae not 
only provides valuable palaeoenvironmental informa-
tion, but also contributes to refining the previously held 
preliminary view of the Libros site landscape. Based on 
the current knowledge of the palaeoecology of Libros, 
almost all taxa found (i.e. amphibians, semi-aquatic 
mammals and wading birds) are tied to aquatic environ-
ments and, therefore, indicate the presence of a body of 
water. As for reptiles, this could be also supported by the 
presence of Natrix, if finally confirmed and Pseudopus. 
This anguine lizard is typically associated with open or 
semi-open habitats, often linked to riparian shrublands 
rather than densely forested environments (see Valakos 
et al. (2008); Telenchev et al. (2017); Nasrabadi et al. 
(2018); Ertem and Çiçek (2025)). Its presence at Libros 
is, therefore, consistent with the existence of exposed, 
vegetated margins surrounding the waterbody.

In general terms, the Miocene climate of the Iberian 
Peninsula was highly dynamic, characterised by long-term 
cooling and increasing aridification, as well as marked 
seasonality (Jiménez-Moreno et al. 2010; Steinthorsdottir 
et al. 2021). These conditions promoted a mosaic of envi-
ronments ranging from open Mediterranean woodlands to 
more closed forested areas in humid regions. Within this 
regional climatic framework, the Libros site fits within 
a landscape dominated by seasonal climates and hetero-
geneous vegetation, consistent with the co-existence of 
riparian habitats, open areas and more wooded zones 
inferred from the fossil assemblage.

In the case of Libros, the co-occurrence of Salix and 
Pseudopus may suggest a more open environment or 
riparian shrubland rather than a closed forest. Modern 
beavers are known to preferentially exploit trees with 
smaller diameters and soft, flexible wood, such as Salix 
(Urban et al. 2008), although the extent to which this pref-
erence can be directly extrapolated to fossil taxa remains 
uncertain. Nevertheless, the proximity of such vegetation 
to the waterbody would have provided suitable mate-
rial for dam construction. Comparable environmental 
settings have been documented in other Lagerstätten, 
such as Geiseltal or Pula (Kovács et al. 2020; Falk et al. 
2022), although the Libros assemblage is notable for the 
apparent absence of fish.

The higher proportion of semi-aquatic taxa compared 
to strictly terrestrial ones could reflect either an ecolog-
ical signal or a taphonomic bias favouring organisms 
inhabiting areas close to the water. In this context, the 
presence of Pseudopus is particularly relevant, although 
its ecological interpretation must be treated with caution. 
Unlike related taxa such as Ophisaurus, which are 
known to enter aquatic environments and use water 
as a refuge (McConkey 1954; Gans and Gasc 1990), 
there is no documented data on the swimming abilities 
of Pseudopus. More generally, aquatic locomotion in 
squamates is highly variable and influenced by factors, 

such as body size, preventing direct extrapolation of 
this behaviour (Shine et al. 2003; Fosseries et al. 2024). 
Consequently, its presence at Libros does not necessarily 
indicate a strong aquatic affinity and may alternatively 
reflect post-mortem transport by predators or fluvial 
processes as has been suggested for mammals in other 
fossil sites, such as Enspel or Camp dels Ninots (Mähler 
et al. 2015; Linares-Martín et al. 2025).

On the other hand, it is true that the record of semi-
aquatic specimens is higher than that of terrestrial ones, 
which could be related to a greater preference for the semi-
aquatic ecosystem. However, the presence of Pseudopus 
reinforces the idea that there could be a bias in preser-
vation; there would probably be a greater preference for 
preserving taxa living in the vicinity of the water. This 
is also considered in the biodiversity studies conducted 
in Messel (Smith et al. 2025), where there is a substan-
tial difference in the abundance of preserved aquatic and 
semi-aquatic taxa compared with terrestrial specimens. 
This can also be extrapolated, given the abundance of 
aquatic and semi-aquatic specimens found, to the Camp 
dels Ninots site (Gómez de Soler et al. 2012; Claude et al. 
2014; Blain et al. 2024; Přikryl et al. 2025).

Furthermore, the presence of beavers, riparian birds, 
dragonfly larvae and riparian vegetation, such as Salix, 
indicates a setting that differs from classical deep lacus-
trine systems, such as Messel and is more consistent with 
shallow wetland environments or marginal zones within a 
larger lacustrine system. The occurrence of anguid lizards 
in other swampy and floodplain environments, such as the 
fossil localities of Geiseltal and Hambach (Čerňanský and 
Klembara 2017; Čerňanský et al. 2017a; Falk et al. 2022; 
Villa et al. 2024), further supports this interpretation. In this 
framework, the formation and abandonment of beaver-in-
fluenced wetlands may have promoted habitat succession 
towards more open and riparian landscapes (Brazier et al. 
2021), potentially creating suitable ecological conditions 
for taxa, such as Pseudopus in shallow or marginal areas 
of the lake system rather than in its deeper, central zones.

Conclusions

A partial skeleton of an anguine lizard has been described 
at the Libros fossil site in Teruel. The documentation 
of this specimen enriches the Miocene fossil record 
of anguids on the Eurasian continent, which is often 
represented by isolated remains. The skeletal elements 
are partially embedded in the sediment. Consequently 
and for an optimal description and overall visualisation 
of all these remains, three micro-CT scans have been 
carried out, focused on different portions of the fossil. 
Tridimensional reconstructions reveal fragments of 
cranial and postcranial remains. A nasal bone, dorsal and 
caudal vertebrae, osteoderms and ribs have been identi-
fied. The remains are mostly preserved in a disarticulated 
and fragmented state resulting in a mass of bones. Some 
of these remains are also isolated, particularly on the 
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periphery of the carcass. However, the 2D images show 
fragmentary articulated portions of the vertebral column, 
which partially preserve the neural spines. The disposi-
tion and orientation of the disarticulated and articulated 
skeletal elements configure the possible position of 
death of the specimen from the Libros site.

The partial preservation of the vertebrae, nasal bone 
and osteoderms has made possible the identification of 
diagnostic traits for the taxonomic classification of this 
specimen. Morphological characteristics, such as the 
orientation of the processes, as well as the projection of 
the condyle or neural spine observed in the dorsal and 
caudal vertebrae, have been fundamental to the identifi-
cation of MNCN 63766 as cf. Pseudopus.

The discovery of a specimen of Pseudopus in Libros 
site adds another occurrence of this genus to the list, 
further becoming one of the westernmost finds recorded 
across the Eurasian continent.

The fossil record of Pseudopus highlights its ecolog-
ical adaptability and close link to Miocene climatic 
fluctuations. Its diversification across Eurasia, including 
the Iberian Peninsula, was favoured by warm periods, 
while climatic changes influenced its geographic distribu-
tion. Eastern Iberian occurrences, including Libros site, 
indicate adaptation to dry, open habitats, underscoring the 
role of temperature and ecological preferences in shaping 
the evolutionary history of the genus.

Overall, the fossil record of Pseudopus shows a broad 
expansion during the Miocene, particularly during warm 
and stable climatic periods, followed by a progressive 
geographic contraction towards the Pliocene, probably 
linked to long-term climatic changes. The findings from 
the Iberian Peninsula, including the specimen from 
Libros (Teruel), confirm the persistence of the genus in 
the westernmost part of Eurasia during the Late Miocene 
and suggest a certain degree of ecological flexibility in 
response to increasing aridity.

The presence of Pseudopus at Libros site provides 
important insights into the palaeoenvironment. Its 
ecological preferences are congruent with the tempera-
ture and aridity conditions that characterised the Iberian 
Peninsula during the Middle to Late Miocene. Taken 
together with the associated faunal and floral assem-
blages, these observations suggest that the Libros 
site was dominated by an open riparian woodland 
surrounding a temporary waterbody.

The greater abundance of semi-aquatic specimens and 
species at the Libros site, relative to terrestrial ones, could 
suggest a preference for this lifestyle in the Late Miocene 
fauna in the locality and a wide diversity of habitats 
within the semi-aquatic ecosystem.

Sedimentological features, diverse fauna found at 
Libros site, riparian vegetation and the semi-aquatic life-
style preferences of the specimens collectively support a 
revised interpretation of the landscape as a wetland envi-
ronment. Furthermore, the presence of Pseudopus may 
serve as evidence of the terrestrial transition from this 
type of environment to an open, forested landscape.
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