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Abstract

The Triassic was a key period in the evolution of vertebrates, and reptiles in particular,
giving rise to a plethora of successful lineages, some of which are still extant. One of the
groups that flourished during the early Mesozoic were the tanysaurians (Archosauromorpha:
Tanysauria). The scientific goal of this thesis is to unravel the biology of the long-necked
tanysaurian Tanystropheus. With the new material being excavated in Miedary (Upper Silesia,
Poland), an opportunity arose for solving the long-standing debate over several aspects of life
of this remarkable animal. These subjects are covered within this dissertation, which consists
of an Introduction, four chapters, Conclusions, and an Appendix. Chapters I, I1I, and IV were
created in collaboration with teams consisting of both Polish and foreign scientists, among

whom | was the leading author.

Chapter | focuses on the anatomy, taxonomy, and environmental preferences of
Tanystropheus. | describe the osteology of Tanystropheus conspicuus in detail, based on the
abundant and diverse remains from Miedary. These include several hundreds of specimens,
mostly isolated elements, but with some articulated individuals, and including the first
unambiguous cranial remains referred to this species, providing valuable insights into its
biology. I provide a new diagnosis for Tanystropheus conspicuus, which differentiates it from
other Tanystropheus species. Several newly observed anatomical features contribute to the
dispute on the lifestyle of Tanystropheus, which is confirmed to have been an aquatic ambush

predator that hunted in shallow nearshore settings.

Chapter Il includes the first comprehensive description of the internal structure of the
extremely elongate cervical vertebrae of tanysaurians. Through computed tomography and
sectioning, we were able to reveal some intriguing features comparable to those seen in
pterosaurs and birds. However, contrary to what we see in pneumatic bones, cervicals of
tanysaurians contain a singular voluminous cavity. This results in a cylindrical structure in
these vertebrae, which likely provided durability, while contributing less to the weight of the
neck. Our insights are relevant for better understanding of a unique and extreme anatomy
among tetrapods, which evolved as a result of very strict selection for some particular
function. Importantly, these findings demonstrate that major modifications of the internal
anatomy of vertebrae were not unique to derived avemetatarsalians (pterosaurs and

dinosaurs), but more widespread among reptiles. This chapter has already been published.



Chapter 111 presents the first digital biomechanical analysis of the neck of
Tanystropheus. We assessed its range of motion and performed finite element analysis on the
individual cervical ribs and the neck model in different configurations. Our results indicate
that the neck of Tanystropheus was not extremely stiff, as previously postulated, and the ribs
likely did not impair its movements. They transferred tensile forces towards the base of the
neck, similar to what was hypothesised for sauropods. This study elucidates the bauplan of
this extremely specialised animal and brings us closer to understand the functionality of neck

elongation in vertebrates.

Chapter 1V describes some of the taphonomic features of the Miedary assemblage.
Fossilised bones can preserve characteristics that are otherwise not recorded in the
surrounding rock, and their histotaphonomic features and sedimentary infill can serve as a
basis for unravelling the origin of fossil bonebeds. We used a suite of analytical methods on a
broad sample of thin sections made from bones of reptiles, amphibians and fishes, to assess
the diversity of their taphonomic characteristics. The remains of Tanystropheus do not differ
in their preservation from those of aquatic taxa, supporting its interpretation as a water-
dwelling animal. Our results demonstrate that some Middle Triassic ecosystems combined
faunistic elements usually found in different environments, underlining transitional nature of
these habitats.

The new material from Miedary allowed for studying the biology of Tanystropheus
with a holistic approach. Traditional palaeontological methods, numeric analyses, modern
imaging techniques, and digital reconstructions gave us new insights into various aspects of
life of this animal. Tanystropheus conspicuus turned out to be a valid taxon endemic to the
Central European Basin. It inhabited shallow near-shore waters. Its extremely elongated neck
was composed of vertebrae that were tube-like in structure, which increased their durability.
Hyperelongate ribs extended along them, but they did not constrain the movements of the

neck, but rather transferred tensile forces.



Streszczenie

Trias byt kluczowym okresem w ewolucji kregowcow, a szczegodlnie gadow, dajac
poczatek wielu liniom filogenetycznym, z ktorych czes¢ przetrwata do dzis. Jedna z grup,
ktére odnioslty sukces ewolucyjny we wczesnym mezozoiku, byly tanyzaury
(Archosauromorpha: Tanysauria). Celem niniejszej rozprawy jest zbadanie biologii
dlugoszyjego tanyzaura Tanystropheus. Dzigki nowemu materiatowi kopalnemu wydobytemu
w Miedarach (Goérny Slask, Polska) pojawila sie jedyna w swoim rodzaju szansa na
rozwigzanie wieloletnich dyskusji dotyczacych réznych aspektow zycia tego niezwyklego
zwierzecia. Zagadnienia te zostaly omdwione w niniejszej pracy, ktora sklada si¢ ze Wstepu,
czterech rozdziatlow, Podsumowania i Zatacznikow. Rozdzialy II, III i IV powstaty we
wspotpracy z zespotami naukowcéw z osrodkéw krajowych i zagranicznych, w ktorych ja

bylem wiodacym autorem.

Rozdzial 1 koncentruje si¢ na anatomii, taksonomii oraz preferencjach
srodowiskowych Tanystropheus. W tym rozdziale przedstawiam szczegotowy opis osteologii
Tanystropheus conspicuus, dokonany na podstawie bogatego i zrdznicowanego materiatu
Z Miedar. Obejmuje on kilkaset okazow, glownie izolowane elementy, ale takze czgSciowo
artykutowane osobniki, jak rdwniez pierwsze elementy pochodzace z czaszki tego gatunku,
dostarczajagce cennych informacji o jego biologii. Przedstawiam nowa diagnoze
Tanystropheus conspicuus, pozwalajaca odrozni¢ go od innych gatunkow rodzaju
Tanystropheus. Kilka nowo zaobserwowanych cech anatomicznych wnosi istotny wktad
w dyskusje nad trybem zycia tego gada, ktorego uznaj¢ za drapieznika polujacego z zasadzki

w plytkich, przybrzeznych srodowiskach.

Rozdzial Il zawiera pierwszy rozbudowany opis budowy wewnetrznej silnie
wydhuzonych kregow szyjnych tanyzauréw. Dzigki zastosowaniu tomografii komputerowe]
oraz przekrojow przez okazy udalo si¢ ujawnié intrygujagce cechy porownywalne z tymi
obserwowanymi u pterozauréw 1 ptakow. W przeciwienstwie do kosci pneumatycznych, kregi
szyjne tanyzaurdw zawieraja pojedyncza, obszerna pustke. Skutkuje to cylindryczng budowa
tych kregéow, ktora prawdopodobnie zapewniala im wytrzymato§¢ przy jednoczesnym
zmniejszeniu masy szyi. Wyniki te maja znaczenie dla lepszego zrozumienia wyjatkowe;j
wsrdéd czworonogdéw anatomii, ktora wyewoluowata w wyniku silnej presji selekcyjnej. Co
istotne, wyniki te pokazuja, ze znaczace modyfikacje wewnetrznej budowy kregdw nie byly
unikatowe dla pterozauréw i dinozauréw, lecz byly znacznie szerzej rozpowszechnione wsrod

wczesnych archozauromorfow. Ten rozdzial juz zostal opublikowany.



Rozdzial III przedstawia pierwsza cyfrowa analize biomechaniczng szyi
Tanystropheus. Ocenilismy zakres jej ruchomosci oraz przeprowadziliSmy analiz¢ elementow
skonczonych dla pojedynczych zeber szyjnych i modelu catej szyi w roznych konfiguracjach.
Wyniki wskazuja, ze szyja Tanystropheus nie byta tak sztywna, jak wcze$niej sugerowano,
a zebra prawdopodobnie nie miaty az tak duzego wplywu na zakres jej ruchow. Przenosily
one sity rozciagajace ku podstawie szyi, podobnie jak proponowano wcze$niej dla
zauropodoéw. Badanie to zbliza nas znacznie do zrozumienia budowy skrajnie
wyspecjalizowanego zwierzecia jakim jest Tanystropheus, jak rowniez warto$ci adaptacyjnej

wydhuzania szyi u krggowcow.

Rozdzial IV opisuje wybrane cechy tafonomiczne miedarskiej tafocenozy.
Skamieniate ko$ci moga zachowywa¢ informacje, ktore nie zawsze s3a zachowane
W otaczajacej skale, a ich cechy histotafonomiczne oraz wypehiajacy je osad moga pomodce
W ustaleniu genezy nagromadzen szczatkéw. W badaniach wykorzystano kilka metod
analitycznych, zastosowanych na duzym zbiorze szlifow cienkich wykonanych z kosci
gadow, ptazoéw i ryb, co pozwolito na oceng rdznorodnosci ich cech tafonomicznych. Szczatki
Tanystropheus nie r6znig si¢ pod wzgledem zachowania od szczatkow organizméw wodnych,
co wspiera interpretacje tego zwierzecia jako formy wodnej. Uzyskane wyniki pokazuja, ze
w srodkowym triasie niektore ekosystemy laczyly elementy faunistyczne zwykle znajdowane

w odmiennych $rodowiskach, podkreslajac przej$ciowy charakter tych siedlisk.

Nowy material z Miedar umozliwil kompleksowe zbadanie biologii Tanystropheus.
Potaczenie tradycyjnych metod paleontologicznych, analiz numerycznych, nowoczesnych
technik obrazowania oraz rekonstrukcji cyfrowych dostarczytlo wielu nowych informacji
dotyczacych roznych aspekty zycia tego zwierzecia. Tanystropheus conspicuus okazat si¢ by¢
waznym taksonem, endemicznym dla Basenu Srodkowoeuropejskiego. Zamieszkiwat plytkie
wody w poblizu morskich wybrzezy. Jego ekstremalnie wydtuzona szyja skladata si¢
z kregéw przypominajacych w budowie tuby, co zwigkszato ich odpornos¢. Wzdluz nich
ciaggnely si¢ niezwykle dlugie Zebra, ktore nie ograniczaty ruchéw szyi, a raczej przenosily

sily rozciagajace.
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Introduction

Archosauromorphs were the dominant clade of terrestrial vertebrates during the
Mesozoic (Foth et al. 2016; Ezcurra and Butler 2018; Ezcurra et al. 2020). Extant birds and
crocodilians represent only a small remnant of their morphological diversity. Especially in the
Triassic, following the end-Permian mass extinction, archosauromorphs rapidly diversified
into various forms with striking anatomical characteristics and disparate modes of life (Foth et
al. 2016; Ezcurra and Butler 2018; Ezcurra et al. 2020). Among these are the long-necked
tanysaurians, which includes the remarkable Tanystropheus, characterised by its extreme body
proportions (Wild 1973; Spiekman et al. 2024b).

Unlike other long-necked reptiles, Tanystropheus has only 13 cervical vertebrae,
which are, however, extraordinarily elongated instead, resulting in morphology unseen in any
other vertebrate (Rytel et al. 2024a). These elements, together with rod-like cervical ribs, form
a bauplan that puzzled researchers for over a century. Despite its long history of research,
functional anatomy and ecology of Tanystropheus remained poorly understood. Whereas
some studies interpreted Tanystropheus as a largely land-based animal with an extremely
mobile neck (e.g., Peyer 1931; Wild 1973; Renesto 2005), other suggested that it was aquatic,
and its neck was rather stiff (Tschanz 1986, 1988; Nosotti 2007; Spiekman et al. 2020a, b).
Several recent works have contributed much to our understanding of Tanystropheus,
clarifying the taxonomic status of most of its material (Spiekman and Scheyer 2019), bringing
an end to the discussion on the conspecificity of the small and large morphotypes from Monte
San Giorgio (Spiekman et al. 2020a), presenting the first digital skull reconstruction
(Spiekman et al. 2020b), a detailed phylogenetic analysis of related forms (Spiekman et al.
2021), and evidence for predatory interactions (Spiekman and Mujal 2023). Despite these
major contributions, many aspects of biology of Tanystropheus still remained enigmatic, due
to the best preserved specimens being diagenetically flattened and spatially limited to the
Monte San Giorgio area (Italy/Switzerland) and China (Peyer 1931; Wild 1973; Nosotii 2007;
Rieppel et al. 2010).

The recent discovery of a diverse Ladinian vertebrate assemblage site in Miedary,
Poland, was an important development for the studies on Tanystropheus (see Czepinski et al.
2023). A series of excavation campaigns have yielded hundreds three-dimensionally preserved
isolated elements and articulated portions of several skeletons that together comprise most of
the skeleton. More Tanystropheus material has originated from Miedary than from the entire

rest of the Central European Basin, offering us a unique opportunity of studying this

11



remarkable animal. This work aims to tackle several major issues that affect our interpretation
of biology of Tanystropheus. These include the role of the empty cervical vertebrae, the
osteology and taxonomic status of the type species (T. conspicuus), the mobility of its neck,
and finally, the environment of origin of the remains of Tanystropheus. Gaining insights into
these subjects will have an impact on our perception of the complex Middle Triassic

ecosystems, in which such specialised forms like Tanystropheus could evolve and thrive.
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Tanystropheus still conspicuous — an osteological redescription of the first tanystropheid
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Poland

* — adam.rytel@twarda.pan.pl

Introduction

Archosauromorphs were the dominant clade of terrestrial vertebrates during the
Mesozoic. They had a diverse size range, evolved into a plethora of lineages with disparate
ecological characteristics, and gained a virtually global spatial range of occurrence (Foth et al.
2016; Ezcurra and Butler 2018; Ezcurra et al. 2020). Extant archosauromorphs, birds and
crocodilians, despite being evolutionarily successful and diverse, represent only a fraction of
the previous diversity of the clade. These forms are members of Archosauriformes, which was
the only clade of archosauromorphs surviving to the Jurassic. Although in the Triassic the
archosauriforms were already the dominant archosauromorph group, non-archosauriform
archosauromorphs also spread quickly and diversified into several distinct lineages, each
characterised by the presence of highly derived anatomical traits (Foth et al. 2016; Ezcurra
and Butler 2018; Ezcurra et al. 2020). These included the allokotosaurians, mostly
herbivorous, stoutly built land dwellers; the rhynchosaurians, a group of relatively small,
stocky, herbivorous reptiles; and lastly, the tanysaurians, which were long-necked and
ecologically extremely diverse (Ezcurra 2016; Foth et al. 2016; Ezcurra and Butler 2018;
Ezcurra et al. 2020; Spiekman et al. 2021, 2024b). Tanysauria comprises two families —
Tanystropheidae Gervais, 1859 and Trachelosauridae Abel, 1919. Whereas extensive
adaptations to an aquatic lifestyle are extremely rare among archosauromorphs throughout
their entire history, intriguingly in the Middle Triassic such adaptations appear separately in
both groups of the Tanysauria — in the tanystropheid Tanystropheus von Meyer, 1849, and
convergently in the trachelosaurids Dinocephalosaurus Li, 2003 and Trachelosaurus Broili
and Fischer, 1918 (Wild 1973; Nosotti 2007; Spiekman et al. 2020a, b, 20244, b). This further
underlines the fast pace of diversification and acquisition of specialised anatomical traits in
the early-branching archosauromorphs during the Early and Middle Triassic (Foth et al.
2016). Tanystropheus and its relatives are, therefore, important taxa, which can help us
understand the dynamic evolutionary changes taking place during this period.
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Tanystropheus is an animal that in the past has been the subject of special interest for
the scientific community (see bibliography in the Synonymy List below), due to its peculiar
bauplan. The elongate neck constitutes nearly half of the total body length of some individuals
(Wild 1973; pers. obs. AR). Whereas similar proportions have appeared convergently in
several other reptile groups (sauropterygians, choristoderans, trachelosaurids), in all of them
the presacral vertebrae count increased (Rytel et al. 2024a). In tanystropheids this number
seems to have been constrained to 25, and hence in Tanystropheus the neck elongation
proceeded mostly via the elongation of the cervical vertebrae and the ‘cervicalisation’ of some
of the dorsal vertebrae (Wild 1973; Rytel et al. 2024a). The cervical vertebrae of
Tanystropheus reached proportions unseen in any other animal, being superficially similar to
limb bones. They were associated with straight, rod-like cervical ribs, which extended
posteriorly across several succeeding intervertebral articulations. This cervical anatomy is
unparallelled among known vertebrates, including both terrestrial and aquatic long-necked
reptiles (Rytel et al. 2024a). This resulted in difficulties in deciphering the lifestyle of
Tanystropheus. Moreover, the studies on Tanystropheus have been severely constrained due to
the nature of its preservation — isolated three-dimensionally preserved bones were scarce,
usually fragmentary, and of limited element diversity, whereas the relatively complete and
articulated skeletons were compressed and often essentially two-dimensional. This
contributed to the difficulties in understanding its unique bauplan and resulted in

Tanystropheus being considered “enigmatic”, despite a very long history of research.

The first species of Tanystropheus — Tanystropheus conspicuus von Meyer, 1852 was
described based on isolated cervical vertebrae from modern-day Germany and Poland, which
were then considered to likely be caudal vertebrae (von Meyer 1847-1855). It was not until
the 1930s that the true identity of these elements was revealed by the articulated specimens of
Tanystropheus hydroides Spiekman, Neenan, Fraser, Fernandez, Rieppel, Nosotti, Scheyer,
2020 and Tanystropheus longobardicus (Bassani, 1886) recovered from the Besano Formation
of Monte San Giorgio (Italy/Switzerland; Peyer 1930, 1931). Later studies predominantly
focused on this material, culminating in the monograph of Wild (1973), which served as the
basis for most of the studies on Tanystropheus for over half a century. Whereas the
contribution of Wild (1973) to understanding and illustrating the osteology of Tanystropheus
is indisputable, the comparative part of this work has become largely outdated. Wild (1973)
considered tanystropheids as squamates, but they are now unequivocally regarded as

archosauromorphs, with many new forms closely related to Tanystropheus being described in
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the interim (Evans 1988; Ezcurra 2016; Spiekman et al. 2021). The discovery of aquatic
trachelosaurids, a sister group to tanystropheids, is especially worthy of notice in that context
(Li 2003; Spiekman et al. 2021, 2024a, b). The bauplan of these animals demonstrates that
some archosauromorphs were able to adapt well to life in Middle Triassic marine
environments, evolving flipper-like limbs, viviparity and serpentine vertebral columns (Li
2003; Li et al. 2017b; Liu et al. 2017; Spiekman et al. 2024a, b).

Since the publication of Wild (1973) further studies have brought to light new details
on the postcranial anatomy of Tanystropheus, but they were all hampered by the relatively
two-dimensional preservation of the novel specimens which are diagenetically flattened or
still partially embedded in matrix (Wild 1980a; Renesto 2005; Li 2007; Nosotti 2007; Rieppel
et al. 2010). The isolated bones of Tanystropheus sp. found in Canada (Sues and Olsen 2015),
Hungary (Osi et al. 2020), Israel (Peyer 1955; Rieppel 2001), Italy (Dalla Vecchia 2000, 2006,
2008; Dalla Vecchia and Avanzini 2002; Dalla Vecchia and Simonetto 2018), Romania
(Jurcsak 1973, 1975, 1978), and Saudi Arabia (Vickers-Rich et al. 1999) have provided
additional insight into the spatiotemporal distribution of the genus, as well as some
ontogenetic and morphological aspects, but this material was not found to be diagnostic
because these parts of the postcranium were considered to exhibit a lot of intraspecific
variation (Spiekman and Scheyer 2019). Previously there were also no cranial elements of
Tanystropheus known from outside of the Monte San Giorgio region (Peyer 1931; Wild 1973,
1980a; Nosotti 2007; Spiekman et al. 2020b). Wild (1973) stated that T. conspicuus might be
conspecific with T. longobardicus (and T. hydroides), but this can only be confirmed or
refuted after more of the material of the former species is reported. With virtually no
diagnostic remains of T. conspicuus having been reported in the subsequent period, Spiekman

and Scheyer (2019) considered it a nomen dubium.

The discovery and description of the new site in Miedary (Upper Silesia, southern
Poland) provided an unprecedented opportunity for the further meaningful studies of
Tanystropheus, in particular T. conspicuus (see Czepinski et al. 2023). At this locality, remains
of at least 20, predominantly large (i.e. ontogenetically mature) individuals of Tanystropheus
were excavated, together with some scarce remains of juveniles and subadults. The abundant
and diverse remains from Miedary permit for a broad analysis of three-dimensionally
preserved specimens of Tanystropheus. Previously the majority of postcranial elements of
Tanystropheus could have not been studied from this perspective. Of particular interest are the

bones comprising the transitional cervico-dorsal region of the skeleton, as this region of the
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body was not well preserved in accessible specimens, and it is key to understanding the role
and mobility of the neck. Moreover, cranial remains of T. conspicuus have been identified for
the first time. Due to the presence of articulated and three-dimensionally preserved remains,
the material from Miedary allows us not only to examine the osteology of most of the
skeleton of T. conspicuus, but also combines the preservation characteristics of isolated finds
from around the world and the diagenetically flattened individuals of Tanystropheus from
Monte San Giorgio and China, constituting a key to their future comparisons, and further

analyses.
The aim of this study is to:

1) Analyse the currently accessible material of Tanystropheus, with an emphasis
on the Miedary material, and carry out an osteological redescription of Tanystropheus
conspicuus;

2) Compare the material of Tanystropheus conspicuus to other species of
Tanystropheus and establish the taxonomic status of the former;

3) Interpret the functional anatomy of Tanystropheus based on the new three-
dimensional material, and elucidate some enigmatic aspects its biology, including its
mode of life, its habitat and the role of the extremely elongated neck;

4) Explain the unexpected abundance of remains of Tanystropheus conspicuus in

the Miedary site.

Historical Background

Several elongate vertebrae were collected from the Upper Muschelkalk of the area around
Bayreuth (Upper Franconia, Germany) in the first half of the 19" century (Fig. 1A-E, F-J).
Originally some were stored in the collection of Count Georg zu Miinster, whereas others
were reposited in the local state-owned collection in Bayreuth. Although some of the latter
specimens were already illustrated by Braun (1840), their first description was incorporated
within the voluminous monograph of von Meyer (1847-1855). While working on this
publication, H. von Meyer had access to several other collections, including the specimens
collected by C. Mentzel from the Muschelkalk localities in Upper Silesia (present-day
Poland), which were partially published in a separate work (von Meyer 1849). The material
from Silesia contained an elongate vertebra (MB.S. 11, Fig. 1E) that, together with eight
specimens from Franconia, served as a basis for a description of the genus Tanystropheus von
Meyer, 1849 and its type species Tanystropheus conspicuus von Meyer, 1852. U-MO BT
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3079, a humerus from Bayreuth was also illustrated by Braun (1840) and von Meyer (1847-
1855), but first referred to T. conspicuus by Diedrich (2012); hence only the nine elongate
cervical vertebrae constitute the type series of T. conspicuus (see Appendix 1). Another
cervical vertebra from the Silesian Upper Muschelkalk of Laryszow (Larischhof) was
reported by Langenhan (1903, 1911). Skawinski et al. (2017) suggested that more than one
syntype of T. conspicuus originated from Silesia, and that MB.S. 11 might have been gathered
from the Lettenkeuper strata of Miedary instead, but Czepinski et al. (2023) saw no clear

evidence for these claims and considered Miedary a newly discovered locality.

Fig. 1. Photographs (A-F) and lithographs (G-J) of the type series of Tanystropheus
conspicuus, consisting of ten middle cervical vertebrae: U-MO BT 740 (A, the lectotype), U-
MO BT 737 (B), U-MO BT 732 (C), U-MO BT 733 (D), MB.S.11 (E), U-MO BT 734 (F),
and the four lost specimens illustrated in von Meyer 1847-1855 (plate 30, fig. 6 — J; plate 46,
figs. 2-4 — G-I). A, D, G, I-J in right lateral view, rest in left lateral view. A-D and F-J from
the Upper Muschelkalk (upper Anisian) of Bayreuth (Germany). E from the Upper

Muschelkalk (upper Anisian) of Laryszéw (Poland). Arrows indicate anterior direction.
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Some additional individual vertebrae of T. conspicuus (see Appendix I) were reported
by Broili (1915), Edinger (1924), Peyer (1931), Lang and von Huene (1952), Adam (1953),
Spiekman and Scheyer (2019), and Schwermann et al. (2025). The overwhelming majority of
the historic specimens referred to T. conspicuus were described in various publications
authored by F. von Huene. Von Huene (1902) erected several new reptile taxa based on the
isolated remains from the Upper Muschelkalk-Lower Keuper strata of Germany. These
included: Procerosaurus cruralis, based on a large isolated femur GPIT-PV-60009;
Pectenosaurus strunzi, represented by a partial vertebra (GPIT-PV-60014); and a new
testudine genus Chelyzoon, encompassing two species — Ch. blezingeri and Ch. latum, both
based on singular isolated vertebrae (with SMNS 8728 being the holotype of Ch. blezingeri).
The type specimens of Procerosaurus cruralis, Ch. blezingeri, Ch. latum, and a
“sauropterygian” sacral vertebra of von Huene (1902, p. 45; GPIT-PV-60011) were regarded
as belonging to T. conspicuus by Wild (1973). The vertebra of Pectenosaurus strunzi was
referred to Tanystropheus by Kuhn (1963) and to T. conspicuus by Spiekman and Scheyer
(2019). Thus, four of the taxa erected by von Huene (1902) were at some point considered
subjective junior synonyms of T. conspicuus, although Spiekman and Scheyer (2019)
mentioned that the type specimens of both species of Chelyzoon appear to be morphologically
disparate from the known vertebrae of Tanystropheus. Von Huene (1907-1908) described
some previously unpublished vertebrae of T. conspicuus, including a cervical originating from
present-day France (see Appendix 1), and erected several new taxa of what he considered
dinosaurs. These included a second species of Tanystropheus — Tanystropheus antiquus
(herein not considered a species of Tanystropheus; see Rytel et al. 2024b for the most recent
comment on the status of this taxon), and Thecodontosaurus latespinatus, with the type series
for both consisting solely of isolated vertebrae. The temporal and spatial ranges of occurrence

for the latter species have largely overlapped with Tanystropheus conspicuus.

After the articulated skeletons from Monte San Giorgio were described by Peyer
(1931), von Huene (1931) reevaluated the previous interpretations of the material from the
Central European Basin (CEB; also known as the Germanic Basin), stating that the vertebrae
of Zanclodon laevis, the holotype of Procerosaurus cruralis and the entirety of the material
assigned to Thecodontosaurus latespinatus should likely be referred to Tanystropheus.
Zanclodon laevis Plieninger, 1846 was described on the basis of several isolated elements, of
which only the lectotype jaw fragment (not belonging to Tanystropheus) survives to this day
(see Plieninger 1846a, b; Wild 1973; Schoch 2011). Wild (1973) concurred with von Huene

19



(1931), synonymising Procerosaurus cruralis and Thecodontosaurus latespinatus with
Tanystropheus conspicuus, referring all the described material to the latter species, together
with three other vertebrae from the Upper Muschelkalk/Lettenkeuper (see Appendix 1)
illustrated by von Huene (1931). Moreover, Wild (1973) provided a discussion on the status of
Zanclodon laevis and deemed a part of its type series, the two lost vertebrae, to likely belong
to Tanystropheus conspicuus. Von Huene (1920) described a humerus, SMF R 4034, found
near Bayreuth, and interpreted it as belonging to a “parasuchian”. Wild (1973) also referred
this specimen to T. conspicuus. A specimen of similar morphology served as the basis for the
description of Megacnemus grandis von Huene, 1954. Von Huene (1954) interpreted the
relatively large (21.6 cm in length) limb bone as a femur of a new “protorosaurian”.
Skawinski et al. (2015) pointed out that the specimen represents a humerus, rather than a
femur, and that its morphology is nearly identical to the humeri of tanystropheids.
Unfortunately, the specimen lost its original label during the Second World War, making its

taxonomic interpretation difficult, due to the lack of stratigraphic and topographic data.

Corroy (1928) described a partial articulated hindlimb, originating from the Upper
Muschelkalk of Mont-sur-Meurthe (France), that he referred to Thecodontosaurus
latespinatus. Following the original interpretation, the specimen preserved a distal end of a
femur, a fibula, and a potential tibia. It was stored at the University of Strasbourg, and later at
the Museum and Aquarium Nancy under the number MAN 2016.0.213, but its current
location is unknown (pers. comm. T. Keinerknecht). Wild (1973) and Spiekman and Scheyer
(2019) considered the partial limb bone to belong to T. conspicuus, but this hypothesis cannot
be fully corroborated for as long as the specimen remains missing.

Teeth of Tanystropheus were described for the first time by Fraas (1896), who erected
a new species of Nothosaurus, N. blezingeri, on the basis of several isolated teeth (currently
under a joint specimen number SMNS 52478) collected from the Grenzbonebed near
Crailsheim (Germany) by R. Blezinger. Fraas (1896) noted the similarity between the tooth
morphology of the new species and that of Pistosaurus grandaevus von Meyer, 1855, a junior
synonym of P. longaevus von Meyer, 1839 (see Sues 1987). Additional isolated teeth (MAN
2016.0.201 and MAN 2016.0.202) were described from the Muschelkalk localities of
Lorraine (France) by Corroy (1928), who regarded N. blezingeri as a junior synonym of P.
grandaevus. Finally, the teeth of N. blezingeri were considered to belong to Tanystropheus by
Rieppel and Wild (1996) and Rieppel (2000). Schoch et al. (2018) were the first to delineate
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the morphological differences between the teeth of Tanystropheus and Nothosaurus,

describing both morphotypes in more detail.

Wild (1973) summarised the state of knowledge on the genus Tanystropheus in an
extensive monograph, providing a description of both historic and novel material, synonymy
lists, diagnoses and establishing the types for each of the species of Tanystropheus. U-MO BT
740, one of the original specimens of von Meyer (1847-1855) was designated as the lectotype
of T. conspicuus. More recently, several unpublished isolated bones and teeth of T. conspicuus
from Germany (see Appendix 1) were mentioned or illustrated in the studies of Diedrich
(2009, fig. 12; 2015, fig. 10C:2), Ezcurra et al. (2014, figs. 16D, 18C), Ezcurra (2016, figs.
14a-b, 33B), Jaquier and Scheyer (2017), Spiekman and Scheyer 2019 (see supp. tab. 1
therein), and Schwermann et al. (2025) but were not described osteologically. Spiekman and
Scheyer (2019) expanded the work of Wild (1973), providing the most up-to-date list of
known specimens referred to this species, including their historic background and the current

location of individual elements.

Sites in Germany remained the main source of material of T. conspicuus for the last
century, until the Miedary fauna was reported by Czepinski et al. (2023), which provided a
description of a vertebra referred therein to Tanystropheus sp. Several more isolated cervical
vertebrae from this site were analysed in the studies of Rytel et al. (2024a, b). Until now,
however, only a fraction of the total tanystropheid material excavated in Miedary had been
published. Consequently, the hypodigm of T. conspicuus was restricted to postcranial remains
(vertebrae, humeri, femora) and some tentatively referred teeth — in sum a little over 100

individual elements, of which roughly only one half has been described.

21



Materials and methods

To assess the presence of specimens referable to Tanystropheus conspicuus based on
personal observations, | visited collections in Austria, Germany, Poland, Switzerland, and the
United Kingdom. Therein, | have collected topographic and stratigraphic data for each
element, the literature sources referring to it, as well as some morphometric measurements.
These data are contained within the Appendix I, which also includes a list of specimens that
are currently lost or no longer considered to belong to T. conspicuus. Photographs and three-
dimensional models of all specimens illustrated herein have been uploaded to MorphoSource,

where they can be accessed: https://www.morphosource.org/projects/000774422.

The novel specimens from Miedary were collected during annual excavations
coordinated by the Institute of Paleobiology, Polish Academy of Sciences, and the Institute of
Evolutionary Biology, University of Warsaw, during the 2014-2024 field seasons. The
material originated mostly from the M2, but also the M1 and M4 layers of Unit 1 of Czepinski
et al. (2023). No fossils from the M3 layer, or the strata overlaying Unit 1 in the Miedary site,
can currently be referred to Tanystropheus. The excavated remains were treated with
cyanoacrylate adhesive and secured with plaster jackets to ensure the structural stability of the

fossils during transport. Their preparation was carried out mainly with pneumatic needles.

Due to the lack of in situ association, an overwhelming majority of the analysed
specimens could not be confidently regarded as originating from the same individual. Only a
few articulated finds preserve larger portions of a skeleton. Isolated elements of T. conspicuus
that were not a part of these associations, nor directly comparable with them, were identified
based on morphological similarity with the largely complete individuals of T. hydroides and T.
longobardicus. Only specimens presenting the original morphology most closely (i.e. the most
complete and/or least distorted examples of each respective element) were illustrated, but the

descriptions of individual skeletal elements are based on all accessible material.

Simple measurements were taken from all bones referred to T. conspicuus preserving
at least one of the measured characteristics. For the anterior postaxial cervical vertebrae these
included: maximum total length (the distance between the distal tips of corresponding
zygapophysis and epipophysis), centrum length, height at mid-point, and maximum height
(see further below). The same measurements were taken for other postaxial vertebrae, except
for height at mid-point, as it is roughly equal to their maximum height. For non-vertebral

elements only two characters were measured: maximum length and maximum height. All
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measurements were recorded using digital callipers with an original resolution of 0.1 mm,
rounded to the nearest millimetre half up. Photographs of ZPAL V. 36/584 were taken with a
NIKON D5 camera, whereas all other photographs presented here were taken with a NIKON
D5300 camera by the author.

Computed tomographic (CT) scans were generated for the maxilla ZPAL V. 36/1213
and the skull roof ZPAL V. 36/1244. To obtain the serial images of these specimens, a GE
phoenix vitomex|m device (GE Sensing and Inspection Technologies Phoenix|x-ray, Wunstorf,
Germany) located in the Laboratory of X-ray Computed Tomography, Department of
Geomechanics, Civil Engineering and Geotechnics, AGH University of Krakow, Poland, was
used. For ZPAL V. 36/1213 it was operating at a voltage of 200 kV and a tube current of 240
pA, acquiring 3000 projections. For ZPAL V. 36/1244 voltage was set to 190 kV and tube
current to 190 pA, and 2600 projections were generated. The spectrum was hardened with an
additional copper filter. Isometric voxel size for both specimens equalled 0.07499975 mm.
Avizo Lite 2020.3.1 (Thermo Fisher Scientific, USA) was used to create the models of
individual bones. The surface of the ZPAL V. 36/1213 model was smoothed and simplified in
MeshLab v.2023.12 (Cignoni et al. 2008), using Scale Dependant Laplacian Smooth tool with
default settings and Simplification: Quadric Edge Collapse Decimation tool, reducing the
model surface to 200 000 faces.

Surface scans of the analysed specimens were obtained using a Shining 3D EinScan
Pro 2X 3D scanner fixed on a tripod, located in ZPAL, with an EinTurntable and EXScan Pro
3.7.4.0 software. The morphological data was acquired by either using the Ein-Turntable
(alignment based on features) or without a turntable, by scanning the specimen manually. The
number of turntable steps was varied, chosen dependent upon the specimen. The models were
meshed using the Watertight Model and Medium Detail presets. Due to the large size of the
semiarticulated cervical series ZPAL V. 36/100, its model was acquired through

photogrammetry.

Snapshots of the models of specimens illustrated in the figures were captured in
MeshLab v.2023.12 using the Save snapshot tool in orthographic view, with the ‘xray’, Lit

Sphere Radiance Scaling or Lambertian Radiance Scaling shader enabled.

Scanning electron microscope (SEM) imaging was used to compare selected, well-
preserved teeth of T. conspicuus (ZPAL V. 36/163, ZPAL V. 36/1204), Nothosaurus sp. (ZPAL
V. 36/233, ZPAL V. 36/254), both from Miedary, and of Pistosaurus sp. (ZPAL V. 84/LA/001)
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from the Upper Muschelkalk of Laryszéw (Poland). The non-sputtered samples were analysed
in Low Vacuum mode and the water pressure in the SEM chamber was maintained at 50 Pa.
The used Field Emission SEM was a Thermo Fisher Quattro S Environmental Electron
Microscope (ESEM located in ZPAL). The samples were mounted using conductive carbon
tape adhesive and aluminium foil casing directly attached to a standard SEM stub. Large-area
mapping was conducted using MAPS 3 software, which automates the acquisition of large
overviews by stitching multiple images.

Following Rytel et al. (20244, b) in the differentiation of the morphological subregions
in the neck of Tanystropheus, I refer to the three last cervical vertebrae as “posterior”, and to
the rest of the postaxial cervical vertebrae (three to ten) as “middle”. For the anatomical
description | followed the terminology used by Ezcurra (2016) and Spiekman et al. (2021),
with some minor differences. For example, when considering the vertebral elongation in
archosauromorphs Ezcurra (2016) and Spiekman et al. (2021) used the ratio of centrum length
to its anterior articular surface dorsoventral height. However, in the articulated specimens the
dorsal part of the anterior end of the centrum is usually obscured by the prezygapophysis and
centroprezygapophyseal lamina (see Wild 1973; Wild 1980a; Renesto 2005; Li 2007; Nosotti
2007; Rieppel et al. 2010). Instead, vertebral elongation is here defined as a ratio of centrum
length to the height at the anteroposterior midpoint of the vertebra. This measurement can be
taken consistently from virtually all complete Tanystropheus cervical vertebrae in lateral view.
In the middle cervical vertebrae of Tanystropheus the maximal vertebral height is not reached
near the midpoint of anteroposterior length due to the strong reduction of the neural spine
here. Instead, the middle cervical vertebrae are taller near the anterior and posterior ends of
the neural spine instead. To be able to quantitatively analyse this characteristic morphology, |
recorded maximal height of complete vertebral specimens, and this was defined as the largest
distance between the dorsal extent of the neural spine and the ventralmost point located on the
ventral keel at same section of anteroposterior length of the vertebra (see Appendix I).
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Systematic palaeontology
Class Reptilia Laurenti, 1768

Clade Archosauromorpha von Huene, 1946

Order Protorosauria Huxley, 1871

Clade Tanysauria Spiekman, Ezcurra, Rytel, Wang, Mujal, Buchwitz, and Schoch, 2024
Family Tanystropheidae Gervais, 1859

Genus Tanystropheus von Meyer, 1849

Type species: Tanystropheus conspicuus von Meyer, 1852

Referred species: Tanystropheus hydroides Spiekman, Neenan, Fraser, Fernandez, Rieppel,
Nosotti, Scheyer, 2020; Tanystropheus longobardicus (Bassani, 1886)

Previous diagnosis

The most recent previous diagnosis was provided by Spiekman and Scheyer (2019):
“Long-necked tanystropheid archosauromorphs distinguished from other genera by the
following combination of characters (autapomorphy among non-archosauriform
archosauromorphs marked with an asterisk): 1) the absence of shagreen-like teeth on the
vomers and palatines; 2) mid-cervical vertebrae with a vertebral centrum length more than 2.5
times their minimum height; 3) a low neural spine of the cervical vertebrae; 4) very long and
extremely thin cervical ribs, being approximately three times the length of their corresponding
vertebra in the mid-cervical region, bearing short free ending anterior processes; 5) ribs of
second sacral vertebrae not bifurcated; 6) curved anterior margin of scapular blade, which is
consequently directed posteriorly; 7) the absence of hyperphalangy; 8) only two ossified distal

carpals*®; and 9) a thyroid fenestra present between the pubis and ischium.”

Additionally, the phylogenetic analysis of Spiekman et al. (2021) found the following
synapomorphies present within Tanystropheus: postaxial anterior or mid-cervical neural
spines are only present at the anterior and posterior ends of the vertebrae but are completely
or virtually lost at their anteroposterior midpoints; lengths of the fourth or fifth cervical centra
versus the heights of their anterior articular surfaces between 14.58 and 15.58 or between
17.08 and 18.67; total length of the humerus versus the total length of the femur between 0.84
and 0.91.
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Emended diagnosis

Long-necked tanystropheid archosauromorph distinguished from other genera by the
following combination of characters (autapomorphy among non-archosauriform
archosauromorphs marked with an asterisk): 1) the absence of shagreen-like teeth on the
vomers and palatines; 2) ratio of centrum length of middle cervical vertebrae to height at
midpoint of their anteroposterior length equal to or more than four, and in some specimens
reaching more than 15*; 3) neural spines of the third to ninth cervical vertebrae well outlined
only in their anterior and posterior portions, and virtually completely reduced in the middle
section of their anteroposterior length; 4) one or two large subcentral foramina present on the
ventral surface of the postaxial cervical vertebrae, near the mid-point of their anteroposterior
length*; 5) very long and extremely thin cervical ribs, being approximately three to four times
the length of their corresponding vertebra in the mid-cervical region, and bearing a distinct
anterior free ending processes; 6) curved anterior margin of scapular blade, which is directed
posteriorly; 7) absence of an ossified interclavicle; 8) deltopectoral crest extremely reduced,;
9) presence of only two ossified distal carpals*; 10) a thyroid fenestra present between the
pubis and ischium; and 11) sexual dimorphism indicated by the presence of two pairs of

elongate ossifications in the postcloacal region in individuals of one of the sexes.
Species Tanystropheus conspicuus von Meyer, 1852

https://zoobank.org/urn:lsid:zoobank.org:act:478F90B7-32A3-4DFD-8B94-
BBEC5C82A7CA

Lectotype: U-MO BT 740, isolated middle cervical vertebra.

Paralectotypes: MB.S.11, U-MO BT 732, U-MO BT 733, U-MO BT 734, U-MO BT 737 —
five middle cervical vertebrae. The remaining paralectotypes (four middle cervical vertebrae)

are ostensibly lost.
Type locality: Bindlacher Berg near Bayreuth (after Wild, 1973), Upper Franconia, Germany.

Type horizon: Upper Muschelkalk, upper Trochitenkalk Formation or lower Meiliner
Formation, upper Anisian (see Klein et al. 2022).

Stratigraphic occurrence: lower Upper Muschelkalk (lower Trochitenkalk Formation) to
uppermost Lower Keuper (Grenzdolomit, uppermost Erfurt Formation); upper Anisian to

upper Ladinian.
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Geographic distribution: France (Alsace, Lorraine); Germany (Baden-Wiirttemberg,
Bavaria, ?Hesse, Lower Saxony, North Rhine-Westphalia, Thuringia); Poland (?Lesser
Poland, Upper Silesia).

Material: Hundreds of isolated bones and teeth, as well as several incomplete articulated
individuals, altogether comprising a majority of the skeleton (lacking some of the cranial and

autopodial elements). For the full list of referred specimens see Appendix I.
Previous diagnosis.

The most recent diagnosis for Tanystropheus conspicuus was provided in Wild (1973,
p. 149; translated from German after Spiekman and Scheyer 2019): “Up to six(?) meters long
species, that can be distinguished from T. longobardicus by the wider attachment sites of the
cervical ribs and the split anterior end of the neural spine for the attachment of the dorsal
ligament.” Note that Wild (1973) considered both the small and large sized individuals of
Tanystropheus from the Monte San Giorgio to be conspecific (and belong to T.

longobardicus), which was disproven by Spiekman et al. (2020a).
Emended diagnosis

Tanystropheus conspicuus is distinguished from all other Tanystropheus species by the
following combination of characters: 1) premaxilla lacking distinct prenarial and postnarial
processes (shared with T. hydroides); 2) single-cusped marginal teeth (shared with T.
hydroides); 3) no dentary tooth piercing through a foramen in the maxilla (shared with T.
longobardicus); 4) number of dentary teeth reaching up to 26 or more in some specimens; 5)
dentary bearing a distinct ventral keel at its anterior end (shared with T. hydroides); 6) frontal
semi-trapezoidal in outline in dorsal view, with its transverse width notably greater than its
anteroposterior length; 7) lack of a shelf-like ridge on the dorsolateral surface of the 13"
cervical rib; 8) dorsal and sacral vertebrae at least two times taller than long; 9) distal region
of the neural spine laterodistally expanded and bulbous in appearance along the vertebral
column from the 10" cervical to the anterior caudal vertebrae; 10) scapula with a distinct
dorsoventral constriction located at its anteroposterior midpoint and a significantly posteriorly
expanded scapular blade; and 11) dorsolateral surface of the first three dorsal ribs
anteroposteriorly expanded, forming a plate-like extension radiating distally from the

tuberculum-capitulum conjunction.

27



Synonymy list

1840  “Saurus” (partim)

1846a  Smilodon laevis (partim) gen. nov.
Sp. nov.

1846b  Zanclodon [laevis] (partim)

1849  Tanystropheus gen. nov.

1847-  Tanystropheus conspicuus sp. nov.

1855

[1852]

1854  Tanystropheus

1860  Tanystropheus

1860  Tanystrophaeus conspicuus

1862  Tanystropheus

1864  Tanistropheus conspicuus

1865  Tanystropheus conspicuus

1870  Tanystropheus conspicuus

1884  Tanystropheus

1887  Tanystrophaeus conspicuus

1887-  Tanystrophaeus conspicuus

1890

1894  Tanystropheus

1896  Nothosaurus Blezingeri sp. nov.
(partim)

1896  Tanystropheus conspicuus

1901  Tanystropheus conspicuus

1902  Chelyzoon Blezingeri gen. nov. sp.
nov.

1902  Chelyzoon latum gen. nov. sp. nov.

1902 Procerosaurus cruralis gen. nov. sp.
nov.

1902  Tanystrophaeus (partim)

1903  Tanystrophaeus conspicuus

1905  Thecodontosaurus latespinatus sp.
nov. (nomen nudum)

1905  Tanystrophaeus conspicuus

1906  Tanystrophaeus conspicuus

1907-  Thecodontosaurus latespinatus sp.

1908 nov.

1907-  Tanystrophaeus conspicuus

1908

1907-  Zanclodon laevis (partim)

1908

Braun p. 81-83; plate 9, figure 5; plate 11
figures 1, 6; plate 12, post-cloacal bone,
lowermost figure on the left; plate 20, figure
3; plate 21, figure 6

Plieninger, p. 153, 247; plate 3, figure 4

Plieninger, p. 247-248, 254

von Meyer, p. 219

von Meyer throughout text; plate 27, figures
19-20; plates 30, 46; plate 49, figure 3

von Meyer, p. 52

von Meyer, p. 17, 48

Owen, p. 220222

Braun, p. 11

von Alberti, p. 234
Eck, p. 122, 126

Roemer, p. 147

Giirich, p. 141

Cope, p. 221

Zittel, p. 567, 733, 767; figure 514

Fritsch, p. 277
Fraas, p. 11; figure 4

Fraas, p. 5, 14-15
Nopcsa, p. 256
von Huene, p. 51; plate 7, figure 1

von Huene, p. 50-51; plate 7, figure 2
von Huene, p. 64-65; plate 9, figure 1

von Huene, throughout text; text-figure 50;
plate 6, figure 6

Langenhan, p. 19; plate 15, figure 8

von Huene, p. 349

von Huene, p. 349

von Huene, p. 118

von Huene, throughout text; text-figures
237-243; plates 91-92

von Huene, throughout text; text- figures
250-251, 351; plate 94, figures 6-9; plates
95-96

von Huene, p. 187-190; text-figures 201—
202
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1910
1911
1913
1914a
1914b
1914b
1914b
1914c
1915

1915
1915
1915
1915
1916
1916
1919
1920a

1920b
1921
1923
1924
1928
1928
1928
1928
1928
1928
1928
1931
1931
1931
1931
1931
1931

1932
1932
1932
1932
1932
1934
1934
1937
1938
1938
1939a

Procerosaurus cruralis
Tanystrophaeus conspicuus
Tanystropheus conspicuus
Procerosaurus

Procerosaurus cruralis
Tanystrophaeus conspicuus
Thecodontosaurus latespinatus
Procerosaurus cruralis
Tanystrophaeus conspicuus

Thecodontosaurus primus
Chelyzoon Blezingeri

Chelyzoon latum
Tanystrophaeus conspicuus
Chelyzoon Blezingeri

Chelyzoon latum
Tanystrophaeus conspicuus
“Parasuchier aus dem oberen
Muschelkalk von Bayreuth”
Procerosaurus

Nothosaurus Blezingeri (partim)
Tanystrophaeus conspicuus
Tanystrophaeus conspicuus
Pistosaurus grandaevus (partim)
Chelyzoon blezingeri

Chelyzoon latum

Nothosaurus Blezingeri
Procerosaurus cruralis
Tanystrophaeus conspicuus (partim)
Thecodontosaurus latespinatus
Tanystropheus conspicuus
“Procerosaurus cruralis”
“Thecodontosaurus latespinatus ™
Tanystropheus conspicuus
Zanclodon laevis (partim)
Tanystropheus conspicuus

Chelyzoon blezingeri
Chelyzoon latum
Procerosaurus cruralis
Tanystropheus conspicuus
Tanystropheus conspicuus
Macroscelosaurus conspicuus
Nothosaurus blezingeri
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus sp.
Chelyzoon

von Huene, p. 321

Langenhan, plate 20, figure 30
Assmann, p. 337

von Huene, p. 157

von Huene, p. 12

von Huene, p. 12

von Huene, p. 12

von Huene, p. 672

Broili, throughout text; plate 2; plate 3,
figures 4-5

Broili, p. 57-58; plate 3, figure 3
Drevermann, p. 404

Drevermann, p. 404

Drevermann, p. 404

Jaekel, p. 89

Jaekel, p. 89

Abel, p. 580

von Huene, throughout text; figure 1

von Huene, p. 162

Edinger, p. 17-19

Edinger, p. 143

Edinger, throughout text; figures 1-4
Corroy, p. 121; plate 3, figures 2, 7
Schmidt, p. 414; figure 1161
Schmidt, p. 413-414; figure 1160
Schmidt, p. 398; figure 1115
Schmidt, p. 425; figure 1190
Schmidt, p. 424-425; figure 1188 a—
Schmidt, p. 434; figure 1213
Edinger, p. 846-847

von Huene, p. 66, 69

von Huene, throughout text

von Huene, throughout text; figures 1-3, 6

von Huene, throughout text

Peyer, throughout text; text—figures 1-2, 24—

25

Case, p. 88

Case, p. 88

von Huene, p. 33

von Huene, throughout text
von Zittel, p. 270

Kuhn, p. 118-119

Kuhn, p. 37

Peyer, p. 84; figure 1
Schmidt, p. 75-76; figure 1188a
Schmidt, p. 76; figure 1188b
Kuhn, throughout text



1939b
1939b
1941
1944
1944
1944
1952
1953
1954

1955
1955
1955
1955
1955

1956
1956
1956
1958
1961a
1961b
1963
1963
1965
1965
1969
1969
1969
1969
1970
1971
1971
1971
1971

1971

1971
1972
1973

1973
1974
1975
1975
1975a
1975b

Procerosaurus cruralis
Thecodontosaurus latespinatus
Chelyzoon

Tanystrophaeus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystrophaeus conspicuus
Tanystropheus conspicuus

Megacnemus grandis gen. nov. sp.

nov.
Chelyzoon

Thecodontosaurus latespinatus
Tanystropheus conspicuus
Macrosclerosaurus
Tanystropheus conspicuus

Megacnemus

Tanystropheus (partim)
Tanystropheus (partim)
“Parasuchier” (partim)
Megacnemus

Chelyzoon

Megacnemus grandis
Tanystropheus conspicuus
Tanystropheus conspicuus
“Thecodontosaurus” latespinatus
Megacnemus grandis
Tanystropheus conspicuus
Tanystropheus (partim)
Thecodontosaurus (partim)
Thecodontosaurus latespinatus
Chelyzoon blezingeri
Chelyzoon latum

Megacnemus grandis
Tanystropheus conspicuus

Tanistropheus longobardicus
(partim)

Thecodontosaurus latespinatus
Tanystropheus conspicuus
Tanystropheus conspicuus

Megacnemus grandis
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus sp.
Tanystropheus conspicuus
Tanystropheus conspicuus

Kuhn, p. 35

Kuhn, p. 12

Kuhn, p. 10

Assmann, 84-85

von Huene, p. 127

Peyer, p. 65; figure 49

Lang and von Huene, p. 27
Adam, throughout text; figure 1
Huene, throughout text; figure 1

Bergounioux, p. 521

De Lapparent and Lavocat, p. 933
Peyer, p. 489

Peyer and Kuhn-Schnyder, p. 578

Peyer and Kuhn-Schnyder, p. 578; figures 1,

21

von Huene, p. 648

von Huene, figure 657e
Romer, figure 122M

von Huene, p. 66; figure 4
Kuhn, p. 5

Kuhn, p. 32

Kuhn, p. 9

Kuhn, p. 6

Kuhn, p. 45

Kuhn, p. 45

Kuhn, p. 70; plate 24, figure 3
Kuhn, p. 71

Kuhn, plate 19, figure 18
Kuhn, plate 21, figure 22
Colbert, p. 31-33

Kuhn, p. 10

Kuhn, p. 10; plate 17, figure 1
Kuhn, p. 12

Kuhn, p. 11; plate 21a, figure 1la—c; plate

41b, figures 11-12
Kuhn plate 21, figure 11

Kuhn, p. 17; plate 21, figure 26

Emmert and von Horstig, plate 2, figure 4
Wild, throughout text; figures 38-62, 67, 73,

97b—

Wild, p. 119; plate 21, figure 1
Kuhn-Schnyder, p. 55-56
Jurcsak, p. 46-48

Kuhn, p. 9-10

Wild, p. 153; figure 1

Wild, throughout text
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1976
1976a
1976b
1977
1980a
1980b
1981
1986
1986
1986
1987
1988
1988
1988
1988
1989
1990
1991
1995
1996
1997
1999
1999
1999
1999
2000
2001
2003
2005
2005
2005
2006
2006
2007
2008
2009
2009

2011
2012
2014

2014
2015

2015
2015
2015

Tanystropheus latespinatus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Megacnemus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus

Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Megacnemus

Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus

“Tanystropheus conspiquus”

Tanystropheus conspicuus

Tanystrophaeus longibardicus

(partim)
Tanystropheus conspicuus
Tanystrophaeus conspicuus

Tanystropheus longobardicus

(partim)

Tanystropheus conspicuous
Tanystropheus conspicuus/
Tanystrophaeus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
Tanystropheus conspicuus
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Galton and Cluver, p. 153
wild, p. 125

Wild, p. 15, 20; figure 3

Wild, p. 675; figure 1

Wild, throughout text

Wild, p. 201, 204-205
Melville, p. 188

Benton, p. 296-297

Chatterjee, p. 311

Tschanz, throughout text
Wild, p. 37, 39, 42

Carroll, p. 619

Hagdorn and Reif, p. 130
Tschanz, p. 997-998, 1002
Evans, p. 227

Wild, p. 40

Hagdorn, p. 86

Olshevsky, p. 106, 181-182
Lucas, p. 94

Rieppel and Wild, p. 61

Benton and Allen, p. 945, 947
Hagdorn and Rieppel, p. 662, 664, 667
Hauschke and Wilde, p. 332, 340, 590
Rieppel et al., p. 75

Schoch, p. 14

Dalla Vecchia, p. 136, 138-139

Rieppel, throughout text
Oosterink et al., p. 42

Renesto, p. 386

Sennikov, p. 200, 206
Sennikov, p. 207

Dalla Vecchia, p. 40-42

Fraser and Rieppel, p. 866, 870
Nosotti, throughout text

Dalla Vecchia, p. 81
Spielmann et al., p. 307; fig. 13
Diedrich, p. 1, 6, 12; figure 12

Sennikov, p. 100

Diedrich, throughout text; figure 14: 2-15
Ezcurra et al., throughout text, figures 16D,
18C

Ezcurraetal., p. 25

Diedrich, throughout text; figure 10C:2

Pritchard etal., p. 4, 9, 15
Nesbitt et al., throughout text
Schoch, p. 243, figure 10.7a-b



2015  Tanystropheus sp. Schoch, p. 243, figure 10.13I
2015  Tanystropheus Hagdorn et al., p. 336, 350, 354, 356
2016  Tanystropheus longobardicus Ezcurra, throughout text; figures 14A-B,
(partim) 31B, 33B, 35A, 43A-B
2017  Tanystropheus conspicuus Beardmore and Furrer, p. 2
2017  Tanystropheus sp. (partim) Jaquier and Scheyer, figures 1B-C; 2A, E-
H;
2017  Tanystropheus conspicuus Jaquier and Scheyer, figures 1E; 2D;
2017  Tanystropheus conspicuus Skawinski et al., p. 4, 14-15; figure 50-P
2017  Tanystropheus conspicuus Sues, p. 129-130
2018  Tanystropheus conspicuus Renesto and Saller, p. 23
2018  Tanystropheus (partim) Schoch et al. 2018, p. 630; figure 4q
2019  Tanystropheus conspicuus Rieppel, throughout text
2019  Tanystropheus conspicuus Spiekman and Scheyer, throughout text
2019  Tanystropheus conspicuus Spiekman et al., throughout text
2020  Tanystropheus conspicuus Dalla Vecchia, throughout text
2020  Tanystropheus longobardicus Ezcurra et al., figure 1D
(partim)
2020  Tanystropheus conspicuus Osi et al., p. 266
2020b  Tanystropheus ‘conspicuus’ Spiekman et al., p. 7, 59, 63
2021a  Tanystropheus conspicuus Brignon, p. 33
2021b  Tanystropheus sp. Brignon, throughout text; figure 34B
2021  Tanystropheus conspicuus Hauschke et al., p. 334
2021  Megacnemus grandis Spiekman et al., p. 11
2021  Tanystropheus “conspicuus” Spiekman et al., throughout text
2022  Tanystropheus conspicuus Klein et al., p. 9-10
2022  Tanystropheus conspicuus Suesetal., p. 7
2023 Tanystropheus “conspicuus” Czepinski et al., p. 6
2024a  Tanystropheus ‘conspicuus’ Rytel et al., throughout text
2024b  Tanystropheus ‘conspicuus’ Rytel et al., throughout text
2024b  Tanystropheus “conspicuus” Spiekman et al., p. 14, 28
2024  Tanystropheus conspicuus Sues, p. 4
2025  Tanystropheus conspicuus Dalle-Laste et al., p. 7-9
2025  Tanystropheus conspicuus Schubul et al., p. 106, 114
2025  Tanystropheus Schwermann et al., figure 1
2025  Tanystropheus conspicuus Sues and Schoch, p. 441, figure 8C
2025 ‘Chelyzoon’ Szczygielski et al., p. 23

Nomenclatural clarification

The available generic name Tanystropheus was first mentioned in 1849 by von Meyer
(1849), who attributed elongate vertebrac from Laryszow and Bayreuth to this animal.
Following Article 11.4.1 of the International Commission on Zoological Nomenclature
(ICZN), this usage was valid, despite not being associated with any nominal species. Some of
the soon-to-become syntypes from Bayreuth were illustrated even earlier, by Braun (1840),
but not named. The first comprehensive description encompassing the remains from both
Franconia and Silesia was included in von Meyer (1847-1855), who introduced Tanystropheus
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conspicuus, the type species of the genus. The investigation of Quenstedt (1963) has shown
that this combination seems to have appeared in print in 1852, even though some of the plates
including the lithographs of the type material could have been delivered as early as 1847
(contents of this publication were printed gradually, in instalments). According to Article 21.6
of the ICZN, 1852 is adopted as the year of publication containing the first valid usage of the
specific name. Some authors (Broili 1915; Kuhn 1934) have argued that the genus name
Macroscelosaurus Miinster, 1834 has precedence over Tanystropheus von Meyer, 1852 (see
Nosotti 2007). As a result of the requests of Wild (1975a, 1976a), the ICZN suppressed
Macroscelosaurus Miinster, 1834 and conserved the generic name Tanystropheus von Meyer,
1849 (Melville 1981). Tanystropheus conspicuus von Meyer, 1852 was designated as the type
species by monotypy. Spiekman and Scheyer (2019) considered this species a nomen dubium,
arguing that it is represented by material that is diagnostic on the genus level, but insufficient
to distinguish it convincingly from other Tanystropheus species. The taxonomic status of
Tanystropheus conspicuus is further explored in this work, on the basis of the newly identified

remains.

The authorship of family-group name Tanystropheidae was historically nearly
unequivocally attributed to Gervais (1858) or Gervais (1859). Recently Spiekman et al.
(2020a, supplemental information — methods S1) argued that this name does not appear in
either of the two sources, but instead is mentioned for the first time in Camp (1945), with an
incorrect spelling, as Tanystrophaeidae. According to ICZN Article 35.4.1, the emended name
would be Tanystropheidae Camp, 1945. There are, however, at least two cases of older
family-group names based upon synonyms of Tanystropheus — Tribelesodontidae von Nopsca,
1923 and Macrosclerosauridae Kuhn, 1934. As the type genus of the latter taxon has been
suppressed (Melville 1981), this name is no longer valid, according to ICZN Article 39.
Tribelesodon Bassani, 1886 was considered a junior synonym of Tanystropheus von
Meyer, 1849 by Peyer (1930), and Tribelesodontidae von Nopsca, 1923 has been in disuse
since then. According to ICZN Article 40, Tanystropheidae Camp, 1945 should be maintained
instead, due to its overwhelming prevailing usage, with Tribelesodontidae von Nopsca, 1923
as its senior synonym. According to ICZN Recommendation 40A, the family-group name
should be cited with its original author and date followed by the date of its priority —
Tanystropheidae Camp, 1945 (1923). That is, if we consider the name used by Gervais (1859)
as not valid. Gervais (1859), page 485, mentions “Les Tanystrophes” as one of the extinct

“reptile” families not yet observed in France (the list also included taxonomic names of
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relatively higher ranks: dicynodonts, rhynchosaurs, thecodontosaurs etc.), clearly using it as a
scientific name to denote a suprageneric taxon. Even though only the vernacular form of the
taxon was mentioned, it is available as a family-group name with its original author and date,
according to ICZN Article 11.7 (more explicitly, Article 11.7.2), as it has been latinised by
later authors and has been generally accepted as valid by researchers interested in the group
(e.g., Wild 1973; Rieppel 2001; Renesto 2005; Fraser and Rieppel 2006; Nosotti 2007;
Sennikov 2011; Skawinski et al. 2017; Formoso et al. 2019; Dalla Vecchia 2020; Osi et al.
2020; Sues and Schoch 2025). Before the publication of Spiekman et al. (2020a), virtually all
authors attributed the authorship of Tanystropheidae to Paul Gervais, with some citing
Gervais (1858) instead of Gervais (1859), albeit mistakenly, as there is no mention of
Tanystropheus or “Les Tanystrophes” in Gervais (1858). For the sake of taxonomic stability,
in accordance with the rules of ICZN, | propose to conserve the uniform usage of
Tanystropheidae Gervais, 1859 as the name of the family with Tanystropheus as its type

genus.

Protorosauria Huxley, 1871 has been widely used as a suprafamiliar group name that
encompasses Tanystropheidae, usually at the rank of an Order. The monophyly and
composition of Protorosauria has been extensively studied and discussed (e.g., Dilkes 1998;
Rieppel et al. 2003; Gottmann-Quesada and Sander 2009; Ezcurra et al. 2014; Pritchard et al.
2015; Ezcurra 2016; but see Spiekman et al. 2021 for a summary). Most recently, Spiekman et
al. (2021) conducted a detailed phylogenetic analysis focusing on the group, and argued
against its usage, due to its possible polyphyly. Yet, if defined as an order encompassing all
non-crocopodan archosauromorphs, it is a grade (see Ezcurra et al. 2025 and Schoch et al.
2025 for the latest iterations of the phylogenetic analyses focusing on early
archosauromorphs). Paraphyletic groups are an important and still widely used part of
biological classification, and they can convey useful phylogenetic and evolutionary
information (see Horandl 2006; Horandl and Stuessy 2010; Carter et al. 2015). It is beyond
the scope of this work, however, to formally draw the boundaries of what is a protorosaur. In
the absence of a non-obscure alternative, Protorosauria is regarded as the order-rank taxon

including Tanystropheus.

34



Description

Cranial elements of Tanystropheus conspicuus are described only on a preliminary
basis, as the Miedary site is still yielding new skull bones. A detailed comparative description
of the cranial material of T. conspicuus, including a reconstruction of the skull, will be carried
out in the future. Herein | describe the cranial features due to their usefulness in the species

differentiation within Tanystropheus.

Skull

Premaxilla

The premaxilla of Tanystropheus conspicuus is an elongate, flat, element (Fig. 2).
Similar to the other species of Tanystropheus, it bears six circular alveoli, from which the
anterior five are subequal in size (Fig. 2B; Wild 1973; Nosotti 2007; Spiekman and Scheyer
2019, Spiekman et al. 2020b). As in T. hydroides, the posteriormost alveolus is slightly
smaller (Spiekman et al. 2020b). The alveoli are aligned in a single row, with the openings of
the anterior three being more laterally oriented than the posterior three, which are
predominantly ventral-facing (Fig. 2 B1). They are evenly spaced along the anterolateral
margin of the premaxilla, and clearly outlined in dorsal view (Fig. 2 A2), being marked by a
labial expansion of the dorsal alveolar wall, as in T. hydroides but unlike T. longobardicus
(Fig. 2B; Nosotti 2007; Spiekman et al. 2020b). Tooth implantation was anisothecodont
(=“subthecodont”, see “Dentition” below). Lingually, the premaxillary teeth were separated
by triangular interdental plates (Fig. 2 Bz). This represents the first known occurrence of
interdental plates outside of Archosauriformes (Nesbitt 2011; Ezcurra 2016), in which this
character occurs broadly, suggesting a considerably earlier origin of this trait than previously
considered among Archosauromorpha. Between the interdental plates, the lingual margin of
each alveolus is distomesially constricted, but widens gradually towards its rounded lingual

margin in ventral view, forming a deep, droplet shaped notch (Fig. 2 B>).

At the base of the lingual side of the alveoli, there is a distinct, sharp, medial ridge,
which projects ventrally, roughly at the mid-point of the premaxilla. The symphysial contact
of the premaxilla with its antimere (i.e. corresponding, symmetrical element) was along a
straight line. Posterior to it, an incipient prenarial process was identified by Spiekman et al.
(2020Db) in T. hydroides. A similar, ventromedially oriented ridge is present in the premaxillae
of T. conspicuus, but it does not extend posteriorly nor does it possess a nasal facet. Therefore,
as in T. hydroides, it is here interpreted as the posterior extension of the symphysial margin

instead. The dorsal surface of the premaxilla is rugose and bears no foramina, as in T.
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hydroides, but not in T. longobardicus (Nosotti 2007; Spiekman et al 2020b). Compared to the
symphysial margin, the posterior premaxillary edge, which articulated with the maxilla,
retains a similar transverse width, but it is more inclined. The postnarial process is absent,
similar to T. hydroides but unlike T. longobardicus (Nosotti 2007; Spiekman et al 2020b). As
in T. hydroides, the dorsomedial edges of the premaxillae constituted the anterior margin of a
single, dorsally oriented external naris (Fig. 2A). Overall, the maxilla of T. conspicuus closely
resembles the maxilla of T. hydroides, but appears to be relatively more dorsoventrally

flattened and anteroposteriorly elongate.

Fig. 2. Right premaxillae of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/179 (A) and ZPAL V. 36/2487 (B). A
photograph (B2) and three-dimensional model snapshots with Lit Sphere Radiance Scaling
shader enabled (A, Bi), in ventral (A1, B2), dorsal (Az), and anterolateral (Bi1) views.

Numerals indicate the alveoli. Areas covered with sediment marked with blue hue.
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Maxilla

The maxilla of Tanystropheus conspicuus is a relatively flat and slender element (Fig.
3). Thirteen or fourteen alveoli are present in the complete maxilla ZPAL V. 36/2474 (Fig.
3B). Although some intraspecific variation seems to exist, presence of a similar number of
maxillary teeth has been reported for T. longobardicus (11-15, Wild 1973; Nosotti 2007) and
T. hydroides (12-15, see Wild 1973; Spiekman et al. 2020b). Characteristics of the alveoli are
similar to those described for the premaxilla. In ventral view they are all circular, and densely
packed along a single, straight line (Fig. 3As, Bi1). Lingually, the maxillary teeth were
separated by triangular interdental plates. Between the interdental plates, the lingual margin of
each alveolus is formed as a deep, droplet-shaped notch. Unlike on the premaxilla, there is a
considerable alveolus (tooth) size difference. The middle (sixth-seventh) maxillary teeth were
likely comparable in size to the premaxillary teeth, but the maxillary teeth size gradually
decreased both anteriorly and posteriorly to these teeth (Fig. 3A1, B1). In T. hydroides this

configuration is identical (Spiekman et al. 2020Db).

The anterior edge of the maxilla is straight in lateral view (Fig. 3A2.3, B2), and its
articulation with the premaxilla seems to have been relatively simple. The dorsal surface of
the anterior portion of the maxilla is flat and medially expanded, forming a distinct,
ventromedially projecting dorsomedial shelf. Around the mid-length of the maxilla, the dorsal
margin extends dorsomedially, forming the ascending process. It is triangular in lateral view,

short, and composed of a thin bony plate that forms a rounded distal end.

A prominent longitudinal canal is present within the anterior portion of the maxilla,
directly ventral to the dorsally rounded dorsal apex (Fig. 3A1). Its diameter is constant and
there are no branchings. Anteriorly, this canal continues at least to the articulation surface of
the premaxilla. Posteriorly, it terminates as a foramen on the medial side of the ascending
process. In T. hydroides a canal of nearly identical morphology is present in the same relative
location, posteriorly terminating at the articulation surface of the lacrimal (pers. obs. AR). Its
occurrence was not mentioned by Spiekman et al. (2020b), but it was segmented within the
left maxilla of PIMUZ T 2790. The lacrimal in this specimen is pierced by a large foramen for
the nasolacrimal duct (Spiekman et al. 2020b), which corresponds with its size and location to
the canal present in the maxilla. The canal present in the maxillae of both T. conspicuus and T.
hydroides was likely a part of the nasolacrimal duct. Alternatively, it could be interpreted as
the maxillary canal. However, this less likely, as in other Permo-Triassic diapsids the

maxillary canal is located ventral to the nasolacrimal duct, ventrally along the edge of the
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dental margin, and has branchings (Ford and Benson 2018; Benoit et al. 2021). The tube-like
canal in the maxilla of T. conspicuus and T. hydroides is located parallel to the dorsal margin
of the bone, but its dorsoventral distance from the alveoli changes significantly along its
length (Fig. 3A1).

The ventral maxillary edge is relatively straight in lateral view, being only slightly
convex at mid-length (Fig. 3A2-3, B). Its posterior portion forms a triangular process, which
tapers to a point (Fig. 3B2). On the dorsolateral surface of the posterior process of the maxilla,
an elongate groove is present, marking the location of the jugal facet. Along the same section
of the posterior process, but on its medial surface, a slightly medially extended shelf is
present, which formed the articular facet for the palatine. Between the jugal and the palatine
facets, an anteroposteriorly oriented ridge is located. It is lateromedially thin and extends
dorsally. The lacrimal articulated between the posterior edge of the ascending process, and the
anterior portion of the posterior process. The surface of the maxilla is generally smooth, but
with a slightly rugose texture. No large foramina are present.

The morphology of the maxilla of Tanystropheus conspicuus is generally congruent
with that of T. hydroides. Both species are different in similar respects to T. longobardicus.
The latter has a proportionally much taller maxilla bearing tricuspid teeth that are homodont
in size and a much more dorsally expanded ascending process (Nosotti 2007; Spiekman et al.
2020b). The overall configuration of the alveoli makes it likely that T. hydroides also
possessed interdental plates, although the nature of the reconstructed CT data makes it
difficult to identify these structures unambiguously (see Spiekman et al. 2020b, fig. 7). The
maxilla of T. conspicuus is nevertheless distinct from that of T. hydroides in several features.
Importantly, the maxilla of T. conspicuus lacks the foramen for a dentary tooth, the presence
of which was considered an autapomorphy of T. hydroides by Spiekman et al. (2020b). In
addition, the main character serving as a basis for differentiating the maxillae of T. conspicuus
and T. hydroides is the relative height of the posterior process. In the former species it is much
taller, being anteriorly nearly as tall as the portion of the maxilla anterior to the ascending

process.
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Fig. 3. Maxillae of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — right ZPAL V. 36/1213 (A) and left ZPAL V. 36/2474 (B) element.
Photographs (As, B) and three-dimensional segmented model snapshots with X-ray (A1) and
Lit Sphere Radiance Scaling (A2, As-s) shaders enabled, in lateral (A1-3, B2), dorsal (A4), and

ventral (As, B1) views. Numerals indicate the alveoli.

Skull roof

The skull roof of Tanystropheus conspicuus is known only from one specimen, ZPAL
V. 36/1244, which preserves the frontals, fused parietals, and partial postorbitals (Fig. 4). The
postfrontals are seemingly absent, as in T. hydroides (see Spiekman et al. 2020b), but this is
equivocal as the posterolateral portions of the preserved skull roof are damaged. The
preserved elements are in tight articulation and therefore did not disassociate during

postmortem transport, contrary to the great majority of vertebrate fossils from Miedary.
Frontal

The frontals are flat, dorsoventrally thin, and transversely wide elements. They are
trapezoidal in dorsal view, with their posterior portions more expanded laterally than the
anterior portions, and their transverse width notably greater than anteroposterior length (Fig.
4A-F). The anterior frontal margin is concave in dorsal view and bears a short, rounded
anterior process on its medial side (Fig. 4A—G). Posterior to it, there is a distinct ridge on the

dorsal surface of the frontal, which parallels the anterior edge in its curvature, with a crescent-
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shaped, flat, and relatively smooth surface formed between them (Fig. 4E). This is the facet
for the nasal, which would have dorsally overlapped the frontal. In anterior view, the portion
of the anterior margin of the frontal adjacent to the midline suture is slightly concave (Fig.
4G). As in T. hydroides, this concavity marks the anterior edge of the broad, obliquely
oriented medial depression of the frontal, which extends towards the posteromedial corner of
the bone (Fig. 4E; Spiekman et al. 2020b). Further laterally, the anterior margin is convex in
dorsal view, forming the anterolateral corner of the frontal and the attachment area for the
prefrontal. Posterior to it, the lateral margin of the frontal is dorsoventrally thickened and

slightly convex in lateral view (Fig. 41-J).

The posterior frontal margin is relatively straight in dorsal view and somewhat
ventrally expanded, constituting the articulation surface for the medial process of the
postorbital along its entire length. The posteromedial corner of the frontal tapers posteriorly to
a point, forming the ventral portion of the anterior edge of the parietal foramen. The
anterolateral process of the parietal articulated on top of the posteromedial region of the
frontal, overlapping the distal portion of the medial process of the postorbital dorsally (Fig.
4B). The midline suture between the frontals is relatively straight, but interdigitating over part
of its length, with several transversely extending laminae overlapping similar structures
projecting from the antimere (Fig. 4B-F). The dorsal surface of the frontals displays
longitudinal grooves radiating from the centre of growth, with the orbital rim being especially
rugose. On the ventral surface of the frontal, a poorly defined ridge, crista cranii, extends
from the posteromedial corner of the bone, parallel to the midline suture (Fig. 4F). It tapers
anteriorly, terminating approximately at mid-length of the element. Spiekman et al. (2020b)
interpreted this feature as the posterior portion of the margin of the olfactory tract. As for T.
hydroides but unlike T. longobardicus, there is no depression accommodating the olfactory
bulb (Nosotti 2007; Spiekman et al. 2020b).

The overall anatomy of the skull roof is very reminiscent to the description for T.
hydroides by Spiekman et al. (20204, b), and the comparisons to other archosauromorph taxa
(including T. longobardicus) made therein are valid for T. conspicuus as well. There are,
however, several significant differences in the proportions of the frontals between the three
known specimens of T. hydroides preserving them (PIMUZ T 2787, PIMUZ T 2790, PIMUZ
T 2819) and T. conspicuus (Fig. 5). In the former the elements taper anteriorly, and their
transverse width increases posteriorly at a relatively constant rate. Thus, in dorsal view they

are roughly triangular (Fig. 5C). By contrast in T. conspicuus they are trapezoidal, with their
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anterior margin being slightly concave along the articulation with the nasals. Furthermore,
because their anterior margin is more latero-medially oriented, the frontals of T. conspicuus
are relatively shorter anteroposteriorly than in T. hydroides (Fig 5B—C). T. conspicuus exhibits
an even more transversely wide interorbital region of the skull roof than the already
remarkably expanded interorbital region of T. hydroides (see Spiekman et al. 2020b). Whereas
in the latter the transverse width of the frontal is roughly equal to its anteroposterior length, in
the former it is about 1.2-1.3 wider than long. The articulation facets for the nasals, well-
marked in T. conspicuus, are not visible in the currently known specimens of T. hydroides (see
Wild 1973; Spiekman et al. 2020b). The midline suture in T. hydroides is straight in all
specimens in which it can be observed (PIMUZ T 2787, PIMUZ T 2790, PIMUZ T 2819;
Spiekman et al. 2020a, b), and in contrast to the condition of T. longobardicus (Fig. 5; Nosotti
2007; Spiekman and Scheyer 2019; Spiekman et al. 2020b). As for T. longobardicus, in T.
conspicuus the midline suture is interdigitating, especially along its posterior portion (Fig. 5A,
C). Although this specific feature might change during ontogeny, the remaining aspects of the
cranial morphology of T. conspicuus allow for its clear differentiation from other species of

Tanystropheus.
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Fig. 4. Skull roof ZPAL V. 36/1244 of Tanystropheus conspicuus from the Lower Keuper
(lower Ladinian) of Miedary (Poland). A photograph of the original specimen (A) and three-
dimensional segmented model snapshots with X-ray (B) and Lambertian Radiance Scaling
(CJ) shaders enabled, in dorsal (A-C, E), ventral (D, F), anterior (G), left lateral (1),
posterior (H), and right lateral (J) views, in natural articulation (A-D, G-J) and manually
disarticulated (E-F). The left frontal was slightly damaged post-CT scanning, hence the
difference in its morphology between the photograph (A) and the segmented model snapshots
(B-J). Different colours demark different bones (see B). Dashed lines outline the posterior
margin of the nasal facet. Abbreviations: alp, anterolateral process; md, medial depression;
mp, medial process of a postorbital; nf, nasal facet (posterior extent); ot, olfactory tract
margin (crista cranii); or, orbital rim; pf, parietal foramen; plp, posterolateral process; sc,
sagittal crest; stf, supratemporal fossa.
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Postorbital

The morphology of the postorbital in Tanystropheus conspicuus is only partially
known, as ZPAL V. 36/1244 only preserves the medial processes of both postorbitals. They
are in tight articulation with the corresponding frontals and parietals (Fig. 4B). The medial
process of the postorbital in T. conspicuus partially dorsally overlaps the posterior margin of
the frontal and is more ventrally expanded, forming a vertically oriented, flat, plate-like
projection, which tapers distally to a point. The base of the process is thickened and has a
rugose dorsal surface. The medial process constituted the anterior margin of the
supratemporal fenestra, separating it completely from the frontals. Whereas the morphology
of the medial process of the postorbital in T. hydroides cannot be fully discerned from the
holotype (Spiekman et al. 2020b), the referred specimen PIMUZ T 2819 exhibits both nearly

identical proportions and an identical position for this process as in T. conspicuus.

Fig. 5. Comparison of the skull roof morphology in tree species of Tanystropheus.
Photographs of the frontals in: T. longobardicus from the Besano Formation (upper Anisian to
lower Ladinian) of Monte San Giorgio (Switzerland) — PIMUZ T 2484 in dorsal view (A); T.
conspicuus from the Lower Keuper (lower Ladinian) of Miedary (Poland) — ZPAL V. 36/1244
in dorsal view (B); and T. hydroides from the Besano Formation (upper Anisian to lower
Ladinian) of Monte San Giorgio (Switzerland) — PIMUZ T 2787 in ventral view (C).

Parietal

The parietals are seamlessly fused, forming a single element that is X-shaped in dorsal
view. The anterior end of the parietal is composed of a complex set of pits, ridges, and
grooves, which are bilaterally symmetrical, forming an intricate, tight articulation with the
postorbitals and the frontals anteriorly (Fig. 4F). The anterolateral process of the parietal

dorsally overlaps the posteromedial corner of the corresponding frontal and the distal portion
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of the medial process of the postorbital, which is enclosed by them. The parietal foramen is
relatively large, subcircular, and well outlined. The frontals contributed only to the ventral
portion of its anterior margin, with the parietals fully enclosing it along its dorsal rim (Fig.
4C-D).

The foramen is posterolaterally flanked by ridges that merge posteriorly to it, forming
a low but well defined sagittal crest, which runs along the midline of the parietals (Fig. 4E).
The surface of the parietals is bilaterally concave, forming the supratemporal fossae, which
constituted the entire medial margin of the supratemporal fenestrae. The portion of the
fenestra enclosed by the parietal is semicircular, with the anterolateral parietal process
contributing to its anteromedial edge and the posterolateral process contributing to its
posteromedial edge (Fig. 4B-D). The posterolateral process is longer than the anterolateral
process, forming an anteroposteriorly thin projection with a distal portion that is seemingly
rounded in posterior view (Fig. 4H, although the distal tip itself is not preserved in ZPAL V.
36/1244). As for Tanystropheus hydroides, it is dorsoventrally tall and almost entirely
transversely oriented (Spiekman et al. 2020b). In fact, the parietal of T. conspicuus does not
seem to differ from T. hydroides in any major feature (see Wild 1973; Nosotti 2007; Spiekman
and Scheyer 2019; Spiekman et al. 2020b).

Quadrate

The quadrate of Tanystropheus conspicuus strongly resembles the quadrate of T.
hydroides (compare Fig. 6 and fig. 14 of Spiekman et al. 2020b). The shaft is formed as a
longitudinal, vertical thickening located along the transverse mid-width of the bone (Fig. 6).
Its dorsal portion is nearly vertical (Fig. 6A1). More ventrally it slopes gently posteriorly, with
the middle portion of the shaft being slightly concave in lateral view and the ventral portion
ventromedially directed (Fig. 6A1, Az, Ag). The dorsal margin of the quadrate is convex in
posterior view, with the thickened dorsal portion of the shaft projecting posterodorsally from
it (Fig. 6As—Ag, B).

The dorsolateral tip of the shaft has a rough surface, forming a distinct, slightly
laterally expanded tuberosity. In T. hydroides this tuberosity forms a dorsal hook, which was
considered to be one of the autapomorphic features of this taxon by Spiekman et al. (20204,
b). All known quadrates of T. conspicuus (ZPAL V. 36/574, ZPAL V. 36/1350, ZPAL V.

36/1764) are relatively well preserved, but the dorsal tuberosity in all of them is eroded and
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likely missing its tip, which was originally more laterally extended, possibly forming the

conspicuous hook, as in T. hydroides.

Two thin plates of bone project from the shaft, anterolaterally and anteromedially,
respectively, with a right angle formed between them (Fig. 6As3). The anteromedial extension
is the pterygoid ramus. It is roughly semicircular in medial view, although it is not fully
preserved in any of the known specimens (Fig. 6A-B). On the posterior surface of the
quadrate, near the pterygoid ramus, a faint elliptical concavity is present. On the opposite side
of the ramus, a corresponding convexity is present (Fig. 6B). The anterolateral edge of the
quadrate is constricted laterally at mid-height, with the two resulting triangular projections
being separated by the posterior margin of the quadrate foramen (Fig. 6As—As, B). The one

located dorsally to the notch bears the tympanic crest.

The lateral condyle is present ventrally to the tympanic crest and projects more
strongly from the shaft (Fig. 6As—As, B). As in T. hydroides, its dorsolateral surface is
occupied by an elliptical facet which receives the ventral portion of the quadratojugal (Fig.
6A¢; Spiekman et al. 2020b). Posterior to the lateral condyle, the ventral surface of the
quadrate is concave in posterior view, forming a groove, which demarcates the boundary
between the lateral and medial condyles of the ventral quadrate end (Fig. 6As—As, B). In
ventral view, their distal margins are thickened anteromedially, with an anteroposterior
constriction of the ventral margin of the quadrate separating them (Fig. 6A4). The medial
condyle is more robust than the lateral condyle, and projects posteroventrally. Its posterior
margin is confluent with the ventral portion of the shaft. A “Foramen quadrati” was previously
considered present in T. hydroides and T. longobardicus by Wild (1973, p. 12) but was not
identified in either species in the study of Spiekman et al. (2020b) and is also absent in T.

conspicuus.
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Fig. 6. Right quadrates of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian)
of Miedary (Poland) — ZPAL V. 36/574 (A) and ZPAL V. 36/1764 (B). Three-dimensional
model snapshots with Lit Sphere Radiance Scaling shader enabled, in lateral (A1), medial
(A2), dorsal (As), ventral (A4), anterior (As, B1), posterior (As, B2) views. Abbreviations: dh,
dorsal head; dt, dorsal tuberosity; Ic, lateral condyle; mc, medial condyle; pr, pterygoid ramus;

prc, pterygoid ramus concavity; qjf, quadratojugal facet; sh, shaft; tc, tympanic crest.
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Pterygoid

The pterygoid of Tanystropheus conspicuus is known only from the incomplete
specimen ZPAL V. 36/2541, which is missing the entire palatal ramus, but preserves most of
the details of its posterior portion (Fig. 7). As most of the other cranial elements of T.
conspicuus, the pterygoid is nearly indistinguishable from the pterygoid of T. hydroides as
described by Spiekman et al. (2020b). The main difference is the more transversely concave
dorsal surface of the pterygoid body in T. conspicuus, but this might be due to diagenetic
changes. The bone is dorsoventrally thin and lateromedially slender, with the exception of the
laterally extending transverse flange, which thickens considerably towards its distal end (Fig.
7F). As in T. hydroides, the articular surface of the transverse flange is rugose, flat, and

spindle shaped in dorsolateral view (Fig. 7; Spiekman et al. 2020b).

The quadrate ramus projects strongly posteriorly, as a morphologically complex
process. Between it and the transverse flange the posterior edge of the pterygoid is strongly
concave in dorsal view, forming a wide, semi-circular embayment (Fig. 7A-B). The medial
portion of the quadrate ramus is strongly concave in anterior or posterior view, with a deep
groove flanked by two ridges — dorsally by an extremely thin dorsal flange, and ventrally by
the ventromedially projecting arcuate flange (Fig. 7D). Both ridges are similar in height. The
anterior portion of the groove, a circular basipterygoid facet, is distinctly outlined, with a
dorsoventrally oriented ridge constituting its posterior margin.
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Fig. 7. Posterior portion of the right pterygoid of Tanystropheus conspicuus from the Lower
Keuper (lower Ladinian) of Miedary (Poland) — ZPAL V. 36/2541. Three-dimensional model
snapshots with Lit Sphere Radiance Scaling shader enabled, in dorsal (A), ventral (B), lateral
(C), medial (D), anterior (E), and posterior (F) views. Areas covered with sediment marked
with blue hue. Abbreviations: af, arcuate flange; bpf; basipterygoid facet; df, dorsal flange; qr,

quadrate ramus; tf, transverse flange.
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Dentary

The elements constituting the posterior portion of the mandibular rami of
Tanystropheus conspicuus have still to been identified. Most of the length of the lower jaw is,
however, preserved in several dentaries (e.g., ZPAL V. 36/2428). The dentary of T. conspicuus
is a slender, elongate, and labiolingually thin element (Fig. 8). It bears at least 26 tooth alveoli
(Fig. 8C), although no complete specimen has been found so far. As in the maxilla, the alveoli
are all circular in dorsal view and densely packed in a single, continuous row along the entire
preserved length of the dentary (Fig. 8C). As in the other jaw elements described here, the
dentary teeth were lingually separated by triangular interdental plates (Fig. 8A-B). Between
the interdental plates, the lingual margin of the anteriormost alveoli is formed as a deep,
droplet-shaped notch (8A-B). Similar to the maxilla, there are size differences in the alveoli
(Fig. 8B). The anterior three alveoli are especially large, bearing teeth similar in size to the
premaxillary teeth. Posterior to them, there is a series of about seven teeth which are much
smaller. Continuing further posteriorly, the size of the alveoli changes in a manner similar to
the maxilla, with some larger ones around the mid-length of the dentary and then decreasing
in size towards its posterior end. Although the alveoli are distributed in a single row, they are
not located in a straight line in lateral view. Instead, their position changes labiolingually and
dorsoventrally, undulating in two dimensions (Fig. 8B, D). The large anteriormost and middle
teeth are located on the convexities of the dorsal margin of the dentary, thus being placed
more labially and dorsally. All dentary teeth projected dorsally, with only the three anterior
“fangs” being more anterodorsally oriented. In dorsal view, most of the length of the dentary
is relatively straight, with only the middle section, which bore the larger teeth, being slightly

labially expanded.

At the level of the maxilla-premaxilla contact, the anterior thickened portion of the
dentary bends towards the contact with its antimere, following the curvature present in the
premaxilla. The symphysial surface is ventrally expanded, forming a ventral keel (Fig. 8D).
The suture between the mandibular rami is interdigitating, with multiple longitudinal grooves
and ridges being present (Fig. 8E). On the lingual surface of the dentary a plate-like portion of
the bone is ventrally and dorsally limited by grooves that extend along the whole length of the
dentary (Fig. 8E). The splenial articulated with this area. In medial view the anteriormost
extent of the splenial facet is marked by a faint ridge, which extends obliquely
(anteroventrally-posterodorsally) to the longitudinal axis of the bone, as in T. hydroides (Fig.
8E; Spiekman et al. 2020b). The preserved posterior portion of the dentary tapers in lateral
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view. Its posteroventral margin is formed as a lateromedially thin ridge (incompletely
preserved in ZPAL V. 36/2428 in Fig. 8) which constituted the ventrolateral surface of the
Meckelian groove (Fig. 8E). The middle section of the dentary, which bore the larger teeth, is
dorsoventrally expanded and convex in lateral view. Between the middle expansion and the
anterior portion, along the section that bears the smallest teeth, the dentary is dorsoventrally
constricted. The lateral surface of the dentary is relatively smooth, with a slightly rugose

texture. There are some foramina present along its anterior portion.

As with the maxilla, the anterior portion of the mandibular ramus of T. conspicuus is
more similar in its morphology to T. hydroides than to T. longobardicus, but with some
distinct differences. The ventral keel, which was considered a unique feature of T. hydroides
by Spiekman et al. (2020b), and later described also for Dinocephalosaurus orientalis by
Spiekman et al. (2024a), is also present in T. conspicuus. Both T. hydroides and T.
longobardicus have less than 20 dentary teeth, with the exact number being difficult to
ascertain (Wild 1973; Nosotti 2007; Spiekman et al. 2020a, b). Even though the teeth
positions and their size changes along the dentary are similar to what has been reported for T.
hydroides (see Spiekman et al. 2020b), the incomplete dentary of T. conspicuus bears 26
alveoli, with some additional ones likely being present in its missing posterior portion. Thus,
T. conspicuus probably had a considerably higher number of dentary teeth than other species

of Tanystropheus.

Despite the general morphological similarity, the dentaries of T. conspicuus and T.
hydroides differ in proportions. In the former the dentary is relatively lower and more
dorsoventrally constricted along its anterior portion than the latter (Wild 1973; Spiekman et
al. 2020b). In both species the dorsal surface of the dentary is undulating in lateral view, with
a convexity mid-way along its length (Fig. 8B; Wild 1973; Spiekman et al. 2020b). There
seems to be some variation in the relative differences of height changes of the dentary along
its length in various T. hydroides individuals (undulating in fig. 17 of Wild 1973 and relatively
straight in fig. 28 of Spiekman et al. 2020b), but in T. conspicuus the dorsal surface of the

dentary is even more undulating.
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Fig. 8. Partial right dentary of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/2428. Photograph (C) and three-dimensional
model snapshots with Lit Sphere Radiance Scaling shader enabled (A-B, D-E), in ventral
(A), dorsal (B-C), lateral (D), and medial (E) views. Numerals indicate the alveoli. Areas

covered with sediment marked with blue hue.
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Dentition

Although teeth referred here to Tanystropheus conspicuus are only found isolated
(excluding a fragment still preserved in an alveolus within the ZPAL V. 36/179 premaxilla),
they are extremely similar to the teeth preserved in the jaws of T. hydroides and can be easily
distinguished from the teeth of the other contemporaneous aquatic reptiles. Moreover, their
relatively high frequency in Miedary corresponds to the large number of T. conspicuus bones
found at that site. Due to the previous absence of cranial material of T. conspicuus, the
published descriptions of its dentition were limited. Fraas (1896) mentioned that the teeth of
N. blezingeri (junior synonym of T. conspicuus) are slender, slightly curved, and originated
from the premaxilla. The apical half of their tooth crown was smooth, and the basal half had
only a few shallow grooves, in contrast to other species of Nothosaurus in which the grooves
are very close together and deep. Corroy (1928) mentioned that the “anterior” part of the
crown of these teeth possess ridges, whereas the “posterior” side is smooth. The first
extensive description of these teeth was provided by Schoch et al. (2018). It closely

corresponds to the observations provided here.

The teeth of T. conspicuus are slender, tall, conical, and lingually curved (Fig. 9A, C).
The longest known specimens reach about seven cm in total preserved length, of which less
than a half can be considered the crown (not including the worn apex). The long root has a
smooth surface and transitions into the crown without a change of tooth diameter. Although it
is difficult to assign an exact position of an isolated tooth within a jaw ramus exclusively
based on its morphology, the largest and most curved teeth of T. conspicuus (“fangs”) likely
originated from the premaxillae and the anterior part of the dentary, as in T. hydroides (Wild,
1973; Spiekman et al. 2020b). More posteriorly originating teeth are usually relatively shorter
and straighter. All teeth referred to T. conspicuus herein share the same crown surface
characteristics and general morphology (homodonty) with those of T. hydroides, but contrast
to the heterodont dentition in T. longobardicus (Wild, 1973; Spiekman et al. 2020a, b). The
crown is lingually curved, with its apex frequently lingually worn. Low apicobasal ridges (see
McCurry et al. 2019) are present on all surfaces of the crown. They are not strictly parallel to
each other, with some ridges merging or bifurcating along their apicobasal length. On the
labial side of the crown they are much more sparsely and unevenly distributed, with finer
secondary ridges being present between the main ones (pattern similar to Tanystropheus teeth
reported by Dalla Vecchia 2006). The ridges are relatively taller, much better defined and
organised. There are no carinae or serrations. SEM imaging reveals that the crown surface is
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covered with a network of microscopic ridges and grooves that are oriented semi-parallel to
the apicobasal axis of the tooth (Fig. 9 C»). The implantation of all premaxillary, maxillary
and dentary teeth in T. conspicuus was subthecodont (sensu Bertin et al. 2018) or
anisothecodont (sensu Mestriner et al. 2025), in the sense that the tooth sockets are
asymmetric and cover much more of the length of the tooth labially than lingually. The almost
complete absence of teeth preserved in the jaws of T. conspicuus indicates that the teeth were
not ankylosed to the jaw.

Teeth of T. conspicuus have long been confused with the teeth of sauropterygians,
especially Nothosaurus and Pistosaurus, with several works providing a brief comparison
between them (Fraas 1896; Corroy 1928; Dalla Vecchia and Avanzini 2002; Dalla Vecchia
2006; Schoch et al. 2018). Results from a SEM analysis provide more definitive criteria to
distinguish them from each other. By comparison with T. conspicuus, the apicobasal ridges
are much more evenly distributed and regularly arranged in the teeth of Nothosaurus sp. from
Miedary (compare Fig. 9 B: and C1). The SEM results show that at micro-scale the crown
surface in Nothosaurus sp. is smooth and lacks any secondary ridges (Fig. 9B2). Moreover,
the teeth of T. conspicuus are much more frequently preserved with a root. These
characteristics demonstrate that the teeth of T. conspicuus and Nothosaurus sp. can be readily
distinguished, despite being somewhat similar at first glance.

As previously noted by Fraas (1896) and Corroy (1928), the teeth of T. conspicuus
closely correspond in their morphology to those of P. longaevus. Even recently, Diedrich
(2012, fig. 14.1) described a specimen U-MO BT 3078 as belonging to T. conspicuus,
whereas in fact it is indistinguishable from the teeth of P. longaevus. A specimen referred to
“Tanystrophaeus longibardicus” (sic!) by Diedrich (2009, "MSB No. Pal 327— 534") is
likely of the same affinities. Although the tooth crowns of both reptiles share the convergently
acquired tall, slender, conical shape, those of Pistosaurus sp. are devoid of large, well-defined
ridges, instead being covered with densely distributed, irregular, shallow grooves (compare
Fig. 9 C and D). On the microscopic scale their crown surface is also relatively smooth,
similar to Nothosaurus sp. (Fig. 9 B and D) The miniscule grooves and ridges scattered across
the tooth crown surface in T. conspicuus do not seem to be present in Middle Triassic
sauropterygians, but instead are likely characteristic of some Triassic archosauromorphs. The
surface of the teeth of T. conspicuus is reminiscent in its morphology to that illustrated by
Dorka (2002) for the specimens originating from the Ladinian deposits of Schoningen

(Germany). The morphotypes 12 and 13, and some of the teeth referred to morphotype 1
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(Dorka 2002, fig. 2C) bear a striking resemblance to the Miedary material despite the size
difference. A similar morphology was also described by Osi et al. (2020, morphotype 2) for
the teeth from the Ladinian Templomhegy Dolomite in Hungary, which has yielded material
of Tanystropheus sp. More microscopic scale analyses are needed to better understand the
morphological disparity of the teeth in early archosauromorphs and possibly permit their

confident identification.
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Fig. 9. Photographs (A) and stitthed SEM images (B-D) of teeth of Tanystropheus
conspicuus from the Lower Keuper (lower Ladinian) of Miedary, Poland (ZPAL V. 36/1204 —
A; ZPAL V. 36/163 — C), Nothosaurus sp. from the Lower Keuper (lower Ladinian) of
Miedary, Poland (ZPAL V. 36/254 — B), and Pistosaurus sp. from the Upper Muschelkalk
(upper Anisian to lower Ladinian) of Laryszéw, Poland (ZPAL V. 84/LA/001 — D), in
mesial/distal (A1, Az, B1, C1, Dy), labial (A2), and lingual (As) views, and their surface under
higher magnification (B2, C, D>).
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Postcranium
Axis

The axis of Tanystropheus conspicuus is an elongate, slender element (Fig. 10). As in
all the succeeding vertebrae, its centrum is amphicoelous but not notochordal and its articular
surfaces are roughly circular in anterior and posterior views. The centrum is roughly two to
three times longer than the vertebra is tall at its anteroposterior midpoint. Its ventral margin is
formed as an extremely thin lamina — the ventral keel, which, compared to the other cervical
vertebrae, is especially strongly developed in the axis (Fig. 10A). The anterior portion of the
ventral keel is deeply concave in lateral view, but the curvature of its distal margin changes
around the mid-length of the centrum, becoming convex in its posterior portion (Fig. 10A). A
pair of longitudinal laminae runs roughly parallel to the ventral margin of the axis on either
side of the keel. There are no subcentral foramina on the ventral surface of the centrum. The
articular surface for the rib occupies the anteroventral corner of the centrum, but it is not

delimited in any way other than a change in bone texture.

The openings of the neural canal are rhomboidal. The prezygapophyses are strongly
reduced — their distal margin does not extend beyond the anterior edge of the centrum (Fig.
10B1-B>). They are formed as slight anterolateral projections of the longitudinal laminae that
mark the base of the neural spine (Fig. 10B2). Their articular surfaces are small, elliptical in
dorsal view and dorsolaterally oriented. The postzygapophyses are long and relatively slender.
They extend far beyond the posterior edge of the centrum (Fig. 10B2). Their elliptical articular
surfaces are roughly ventral-facing (Fig. 10Bz). A thin plate-like lamina
(=transpostzygapophyseal lamina, =Horizontallamelle sensu Wild, 1973) spans the area
between the postzygapophyses, constituting the posteriormost portion of the neural canal roof,
and forming a triangular shelf in dorsal view (Fig. 10B1). In posterior view this shelf extends
anteriorly below the posterior overhang of the neural spine (postzygapophyseal trough sensu
Rieppel 2001). The dorsal portion of both postzygapophyses is formed as a distinct ridge,
which projects posteriorly as a process (epipophysis). The neural spine is low, especially in its
posterior portion, and tapers posterodorsally to form a long, conical process, which is similar
in its orientation and size to the distal tips of the epipophyses (Fig. 10B1—B>). The anterior
portion of the neural spine is strongly convex in lateral view (Fig. 10A, By). Its anterior
margin is nearly vertical and merges with its dorsal margin dorsal to the prezygapophyses,
forming an anterior overhang. The anterodistal portion of the neural spine is distinctly

transversely expanded and rugose (Fig. 10B1).
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The axis of T. conspicuus is similar in its proportions to the axes known for T.
hydroides (e.g., PIMUZ T 2790, PIMUZ T 2819 — see Wild 1973; Spiekman et al. 2020b) but
it is relatively more elongate than the same element in T. longobardicus (e.g., MSNM BES SC
265, PIMUZ T 2791, PIMUZ T 3901 — see Wild 1973, 1980a; Nosotti 2007). The high dorsal
extent of the distal expansion of the anterior portion of the neural spine is, however, a feature
shared by T. conspicuus and T. longobardicus, but in contrast with T. hydroides, in which the
anterodistal margin of the neural spine is only slightly convex (Wild 1973; Spiekman et al.
2020b). Moreover, the axis of T. conspicuus is distinct from other species of Tanystropheus in
the presence of a ventral keel with a convex distal margin (which is relatively straight and less
well developed in both T. hydroides and T. longobardicus — compare Wild 1973, 1980a;
Nosotti 2007; Spiekman et al. 2020Db).
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Fig. 10. Axes of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/1170 (A) and ZPAL V. 36/847 (B). A photograph (A) and
three-dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled (B), in
left lateral (A, B.), dorsal (B1), ventral (Bs), anterior (Bs), and posterior (Bs) views. Areas

covered with sediment marked with blue hue.
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Middle cervical vertebrae

Due to their elongation, the middle cervical vertebrae are the most striking element of
the osteology of Tanystropheus. They are the most elongate vertebrae among all known
animals, with only azhdarchid pterosaurs reaching similar proportions (Renesto 2005; Rytel et
al. 2024b). In all middle cervical vertebrae of Tanystropheus the elongation ratio (centrum
length versus height at midpoint) exceeds four (pers. obs. AR, but see Wild 1973; Spiekman et
al. 2021). This ratio varies highly between individuals, reaching up to about 20 in PIMUZ T
2790, the holotype of Tanystropheus hydroides (pers. obs. AR). In cervical vertebrae three to
eight in Tanystropheus longobardicus and T. hydroides it usually remains relatively constant,
with an average value of around 13 (pers. obs. AR). In comparison, the same vertebrae in
Tanystropheus conspicuus are usually taller and more robust, with their average elongation
ratio of around nine (see measurements in Appendix 1). Whereas Wild (1973) was very
specific in attributing each particular isolated cervical vertebra described by him to its original
location in the vertebral column, the morphometric study of Rytel et al. (2024a) showed that
the differences in shape within cervical vertebrae three to eight are marginal. Their
morphology changes gradually along the vertebral column, and consequently, attributing any
isolated cervical from this section to its exact place in the sequence is highly equivocal, as
knowledge on the ontogenetic and intraspecific variation of skeletal morphology in T.
conspicuus is limited. By contrast, the posterior-most cervical vertebrae nine to thirteen can
be easily differentiated due to their markedly changing proportions and neural spine shape and

are described separately.

Nevertheless, although it is difficult to refer isolated middle cervical vertebrae to their
original position, some distinct differences between them are present. The anterior-most
middle cervical vertebrae are generally more slender and elongate than the succeeding
vertebrae, as can be determined from the only known series of cervical vertebrae from the
same individual of T. conspicuus, ZPAL V. 36/100 (see. Fig. 11). However, the neural spine
height varies substantially among the isolated middle cervical vertebrae referred to T.
conspicuus (see measurements in Appendix 1), and to a much larger extent than present in the
articulated series of ZPAL V. 36/100 (see. Fig. 11). This is likely due to a complex
combination of several factors, and therefore the neural spine shape represents a poor proxy
for identifying the position of isolated vertebrae. Importantly, the length changes of
succeeding cervical vertebrae of T. conspicuus follow the pattern recorded for other species of
Tanystropheus by Peyer (1931, fig. 27), Wild (1973, fig. 29), and Nosotti (2007, fig. 54). In
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ZPAL V. 36/100 (see. Fig. 11), vertebrae three to six have a relatively constant centrum
length, with the seventh cervical vertebra being only slightly longer (Appendix I). The ninth
and tenth cervical vertebrae are the longest vertebrae of T. conspicuus, whereas the cervical
vertebrae posterior to these are much shorter. This corresponds to the configuration in T.
hydroides and T. longobardicus (pers. obs. AR; Peyer 1931; Wild 1973; Nosotti 2007).

Fig. 11. Snapshot of a photogrammetric model of a plaster jacket ZPAL V. 36/100 preserving
a semiarticulated series of middle cervical vertebrae of Tanystropheus conspicuus from the
Lower Keuper (lower Ladinian) of Miedary (Poland), with Lambertian Radiance Scaling
shader enabled. Cervicals fours and five are in the left lateral view, and the rest in the right

lateral view. Model courtesy of T. Szczygielski.

The description of the cervical vertebrae three to eight is based on the lectotype
specimen of T. conspicuus — U-MO BT 740 (Fig. 12), with some additional complementary
data gathered from the newly referred specimens from Miedary (Fig. 13), including the semi-
articulated cervical series ZPAL V. 36/100 (Fig. 11).

As in all other vertebrae, the centrum in the cervical vertebrae of T. conspicuus is
deeply amphicoelous but not notochordal. Its circular articular surfaces are slightly ventrally
tilted from the vertical plane and thus not fully parallel to each other (Fig. 13C). The centrum
is elliptical to triangular in transverse cross-section (see Rytel et al. 2024b for a detailed
description of the internal anatomy). On its ventral surface, an intricate array of bifurcating
and merging laminae is present (Figs. 12E, 13E). The lamina that runs along the midline of
the ventral surface of the vertebra forms a well-defined but low ventral keel. It is laterally
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flanked by deep, symmetrical grooves, which in turn are laterally constrained by the
ventrolateral laminae (lateroventral margins sensu Nosotti 2007). These ventrolateral laminae
demarcate the margin between the ventral and lateral surface of the bone. A pair of subcentral
foramina is present near the mid-length of the vertebra (Figs. 12E, 13E), with one foramen
present on either side of the ventral keel. Intervertebral arteries penetrated the centrum
through these foramina (see Rytel 2024b). The openings of the foramina are usually elliptical,
but differ slightly in shape and location, even within the same pair. Posterior to the foramina,
on the ventral surface of the centrum, two pairs of laminae are present — the ventromedial and
posteroventral laminae (Figs. 12C, E, 13C, E). The ventromedial laminae extend obliquely
between the ventral keel and the ventrolateral laminae. The posteroventral laminae are located
posteriorly to them, along the midline between the posterior portion of the ventral keel and the
ventrolateral laminae. Both anteroventral and posteroventral laminae are present in all middle
cervical vertebrae of T. conspicuus in which this character can be assessed, as well as in the
three-dimensionally preserved specimens from Romania and north-eastern Italy (pers. obs.
AR; Jurcsak 1975; Dalla Vecchia 2006). They are seemingly absent in the specimens from
Monte San Giorgio and China, but this might be due to the differences in preservation (i.e.,

diagenetic compression, pers. obs. AR).

Fig. 12. Photographs of a middle cervical vertebra U-MO BT 740 from the Upper
Muschelkalk (upper Anisian) of Bayreuth (Germany), the lectotype Tanystropheus

conspicuus, in dorsal (A), anterior (B), right lateral (C), posterior (D), and ventral (E) views.
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The lateral surface of the centrum is smooth with no noticeable foramina. The
parapophysis and diapophysis are extremely reduced and essentially confluent with each
other, forming triangular rib attachment sites on the anterolateral corners of the centrum (Figs.
12C, 13C). They barely project from the centrum surface, with the associated ribs being
located very close to the vertebra when compared to other archosauromorphs. The rib
attachment site is partially located on a lamina, which connects the anteroventral corner of the
centrum with the base of the prezygapophysis, extending beyond the anterior edge of the

centrum.

The neural canal openings differ in shape, with the anterior one being triangular and
the posterior one roughly circular (Figs. 12B, D). The prezygapophyses project strongly
anteriorly and are triangular in transverse cross-section (Fig. 13B). Their distal end is formed
as a rounded, non-tapering expansion in lateral view, which extends anteriorly from the
lamina that connects the centrum and the prezygapophyseal articular surface. The dorsal
surface of the prezygapophyses is confluent with the base of the neural spine (Figs. 12C, 13
C). The prezygapophyseal articular surfaces are almost dorsally facing, with only a slight
medial tilting (Figs. 12B, 13B). The postzygapophyses extend far beyond the posterior edge
of the centrum and in lateral view are separated from it by a deep notch (Figs. 12C, 13C).
Massive, tall epipophyses project posterodorsally from them. Contrasting with the
morphology of the epipophyses of the axis, their distal tips are rounded and non-tapering in
lateral view (Figs. 12C, 13 C). Between the epipophyses, a broad shelf is located. It covers the
entire surface between the neural spine and the posterior ends of the postzygapophyses (Figs.
12A, D, 13A, D). The postzygapophyseal articular surfaces are well outlined, elliptical, and
oriented corresponding to the prezygapophyseal articular surfaces — nearly parallel to the

horizontal plane, but with their lateral surface only slightly raised (Figs. 12D, 13D).
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Fig. 13. Middle cervical vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/1078. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in dorsal (A), anterior (B), right lateral (C),
posterior (D), and ventral (E) views. Areas covered with sediment marked with blue hue.

The neural spine is extremely low, being barely discernible in its middle section, with
only its anterodistal and posterodistal portions projecting from the dorsal surface of the
vertebra (Figs. 12C, 13C). In some of the middle cervical vertebrae (e.g., U-MO BT 740) the
neural spine is a distinct keel, running along most of the length of the vertebra, but
histological studies indicate that neural spine height might, to some extent, change during
ontogeny (Jaquier and Scheyer 2017; Rytel et al. 2024b). The shape of the anterior portion of
the neural spine varies highly between different specimens, mostly because only a few
cervical vertebrae preserving its distal tip due to their fragility (e.g., ZPAL V. 36/101, see
Czepinski et al. 2023). In those most completely preserved specimens, the anterior portion of
the neural spine is roughly triangular in lateral view. Its anterior edge is split, with two
laminae running from its base merging distally, thus forming a deep, triangular concavity
(Figs. 12B, 13B), which was interpreted as an attachment for the dorsal ligament by Wild
(1973). The anterodorsal tip of the neural spine is anteriorly oriented. The posterior portion of
the neural spine exhibits a similar morphology, but it is usually lower, and projects posteriorly

as a tapering, conical process overhanging the postzygapophyseal shelf (Fig. 13C).

All known cervical vertebrae three to eight of Tanystropheus share the neural spine
morphology (von Meyer 1847-1855; von Huene 1907-1908; Peyer 1931; Wild 1973, 1980a;
Jurcsak 1975; Renesto 2005; Dalla Vecchia 2006; Li 2007; Nosotti 2007; Rieppel et al. 2010)
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and hence they are not diagnostic at the species level, being differentiated mostly on the basis
of size and provenance. The ninth cervical vertebra is the anteriormost postaxial vertebra of
Tanystropheus conspicuus in which the neural spine shape changes distinctly (Fig. 14),
marking the beginning of the cervico-dorsal transition. Whereas in the preceding middle
cervical vertebrae the neural spine is nearly completely reduced in its middle section, in the
ninth cervical vertebra it forms a low, narrow, but continuous ridge (Fig. 14C). Its height
changes along its length, forming a slight but distinct crest near the middle of the vertebral

length.

Fig. 14. Ninth cervical vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/1202. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in dorsal (A), anterior (B), right lateral (C),

posterior (D), and ventral (E) views. Areas covered with sediment marked with blue hue.

The succeeding tenth cervical vertebra shares this morphology but with the neural
spine height increased by a magnitude in its anteroposterior middle portion (Fig. 15). Whereas
in the more anterior postaxial vertebrae the neural spine is concave (e.g., Fig. 13C), in the
tenth cervical vertebra it is formed predominantly as a convex ridge in lateral view (Fig. 15A,
Bs). Anterior to the mid-length of the vertebra, its neural spine becomes concave in lateral
view, reaching the point of its minimum height, and then rises again to form the anterior
extension found also in the preceding elements (Fig. 15A, Bs). The dorsal margin of the
neural spine of the tenth cervical vertebra of T. conspicuus is, therefore, undulating in lateral
view (Fig. 15A, B3). The tenth cervical vertebra in other species of Tanystropheus has a much
lower neural spine with a straight distal margin (see Wild 1973; Renesto 2005; Li 2007,
Nosotti 2007; Rieppel et al. 2010). Moreover, in T. conspicuus the distal margin is distinctly
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transversely expanded, forming a distal thickening (Fig. 15Bs), which is also present in all
succeeding vertebrae up to the anterior caudal vertebrae. A lamina is present on the anterior
part of the lateral surface of the neural spine of the 10" vertebra. It runs parallel to its distal
margin. Only present in this cervical, it can serve as a basis for the identification of partially
preserved, isolated vertebrae. In the ninth and tenth cervical vertebrae the rib articulation
surface is more prominent ventrally, but it is not until the eleventh cervical vertebra that the
parapophysis and diapophysis can be unequivocally regarded as functionally separate, with
the capitulum and tuberculum of the corresponding rib also being distinctly separated (contra

Wild (1973), who differentiated them in the two preceding cervical vertebrae as well).

Fig. 15. Tenth cervical vertebrae of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/186 (A) and ZPAL V. 36/105 (B). A photograph
(A) and three-dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled
(B), in right lateral (A, Bs), anterior (B1), posterior (Bz), ventral (B4), and dorsal (Bs) views.

Areas covered with sediment marked with blue hue.

Posterior cervical vertebrae

Between the tenth and eleventh cervical vertebrae of Tanystropheus there is
considerable morphological disparity, probably caused by the expression of different sets of
hox-genes (Rytel et al. 2024a). As a result, each of the three cervical vertebrae succeeding the
tenth is less elongate than its predecessor. One of the newly referred specimens of
Tanystropheus conspicuus, ZPAL V. 36/584, preserves all three elements in close association,

confirming their correct identification (Fig. 16).
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Fig. 16. Association of elements from the cervico-dorsal transition of a single individual of
Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of Miedary (Poland) —
ZPAL V. 36/584. A three-dimensional model snapshot with Lit Sphere Radiance Scaling
shader enabled (A), and photographs (B—C), with individual elements marked with different
colours (C).
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The eleventh cervical vertebra, described in detail by Wild (1973), is still relatively
elongate (Fig. 17). The characteristics of its centrum, other than the relative length, are
generally similar to the middle cervical vertebrae. The subcentral foramina are located
posterior to the mid-length of the vertebra (Fig. 17E). The ventral keel as well as the
ventrolateral and posteroventral laminae are present (Fig. 17E). Importantly, although the
articular surfaces of the centrum are vertical oriented and lie on parallel planes, the anterior
articular surface is located much more dorsally than the posterior one (Fig. 17C). The ventral
surface of the centrum is, therefore, inclined, as was also reported for the twelfth cervical
vertebra of T. longobardicus by Renesto (2005). In T. conspicuus this features is much more
pronounced than in other species of Tanystropheus (see Wild 1973; Renesto 2005; Li 2007;
Nosotti 2007; Rieppel et al. 2010). The articular surfaces of the centrum are elliptical, being
taller than wide (Fig. 17B, D). The diapophyses and parapophyses are separate and formed as
robust, but weakly projecting tuberosities in the anteroventral portion of the centrum (Fig.
17B-C).

The openings of the neural canal are semicircular, with a flattened ventral margin (Fig.
17D). The pre- and postzygapophyses are relatively much shorter than in the preceding
vertebrae, but they still extend beyond the corresponding end of the centrum (Fig. 17C). The
anteroventral margin of the prezygapophysis is more dorsally located than in the middle
cervical vertebrae, thus only covering the dorsalmost portion of the anterior articular surface
of the centrum in lateral view (Fig. 17C). The anterodorsal margin of this lamina is convex,
forming a mound-like tuberosity, which projects further anteriorly than the prezygapophyseal
facet. All zygapophyseal articular surfaces are elliptical and sub-vertical, with their lateral
margins slightly raised (Fig. 17B, D). The epipophyses are much more robust and taller, but
anteroposteriorly shorter, than in the middle cervical vertebrae (Fig. 17C-D). They delimit the
postzygapophyseal shelf bilaterally as tall, thick ridges and do not extend posteriorly beyond
the postzygapophyses (Fig. 17A, C).

The concavity formed at the base of the posterior portion of the neural spine is deep.
The neural spine is continuous and convex in lateral view. By contrast with the undulating
distal margin observed in the neural spine of the tenth cervical vertebra, in the eleventh
cervical vertebra the distal margin is expressed as a gradually sloping, crescent-shaped curve
(Fig. 17C). It reaches its maximum height posterior to the mid-length of the vertebra. The
anterodorsal margin of the neural spine is not bifurcated, and thus, the anterior concavity
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observed in the preceding vertebrae is absent (Fig. 17B). The distal margin of the neural spine
is transversely expanded and thickened, especially in its tallest part (Fig. 17A). In some
specimens the anterior portion of this expansion is marked by the presence of an
anterodorsally projecting tuberosity (Fig. 17A-C). The posterior portion of the neural spine
forms as a posteriorly projecting tapering process that overhangs the postzygapophyseal shelf
(Fig. 17C). In the eleventh cervical vertebra of other species of Tanystropheus the neural spine
is much lower, and its distal margin is straight, or even slightly concave, in lateral view (see
Wild 1973; Renesto 2005; Li 2007; Nosotti 2007; Rieppel et al. 2010). Additionally, in T.
conspicuus the height of the neural spine increases gradually along its anterior portion,
whereas in other species of Tanystropheus it rises sharply and remains relatively constant
along its entire length.

Fig. 17. Eleventh cervical vertebra of Tanystropheus conspicuus from the Lower Keuper
(lower Ladinian) of Miedary (Poland) — ZPAL V. 36/1171. Three-dimensional model
snapshots with Lit Sphere Radiance Scaling shader enabled, in dorsal (A), anterior (B), right
lateral (C), posterior (D), and ventral (E) views. Areas covered with sediment marked with

blue hue.

The twelfth cervical vertebra of Tanystropheus conspicuus is a relatively robust
element compared to the preceding cervical vertebrae (Fig. 18). Its height at mid-length is

subequal to the length of the centrum (Fig. 18A, Bs). As for the eleventh cervical vertebra, the
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ventral surface of the twelfth cervical vertebra is inclined (Fig. 18A, Bs), corresponding to the
condition reported for T. longobardicus by Renesto (2005). The centrum itself is
parallelogram-shaped in lateral view, with its ventral surface being distinctly concave and
marked by the presence of a weakly outlined keel (Fig. 18A, B3). At least one of the pair of
subcentral foramina is usually present, situated lateral to the keel, but they are much smaller
than in the preceding vertebrae (Fig. 18B1). The anterior articular surface of the centrum is
circular in anterior view (Fig. 18Bz). The posterior surface is ventrally expanded, appearing
sub-triangular in posterior view (Fig. 18Bs). The centrum is spool-shaped in ventral view
(Fig. 18By), with its middle section being laterally constricted, and its anterior portion being
considerably expanded transversely due to the presence of robust, stout diapophyses and
parapophyses. Their articular surfaces are elliptical and predominantly ventrally oriented (Fig.
18A, B3, B3). The parapophyses lie directly adjacent to each other, being separated only by the
anterior portion of the ventral keel (Fig. 18B1-B>).

The anterior neural canal opening is triangular and the posterior one is subrectangular
(Fig. 18B», Bs). The prezygapophyses are stocky, barely extending beyond the anterior
articular surface of the centrum (Fig. 18A, Bs). Similar to the condition observed in the
eleventh cervical vertebra, they bear distinct mound-like anteriorly projecting tuberosities
(Fig. 18A, B>, Bs), which are shorter but more robust than in the middle cervical vertebrae.
The prezygapophyseal articular surfaces are positioned dorsal to the mound-like tuberosities,
with an obtuse angle between them in anterior view (Fig. 18Bz). In contrast to the preceding
vertebrae, they are transversely broad and anteroposteriorly short. The anteromedial surface of
each prezygapophysis is formed as a thin lamina, which joins the prespinal lamina in a
triradiate connection above the anterior neural canal opening (Fig. 18B;). The
postzygapophyses are similar in their characteristics to the prezygapophyses. They are robust
and extend slightly beyond the posterior articular surface of the centrum (Fig. 18A, Bs). Their
articular surfaces are broad and transversely wide. The angle formed between them is slightly
obtuse (Fig. 18Bs). They are aligned with the floor of the postzygapophyseal shelf (Fig.
18Bs). The weakly posterodorsally projecting epipophyses are much smaller than in the
preceding vertebrae and do not extend posteriorly beyond the postzygapophyses (Fig. 18A,
B3). The concavity formed at the base of the posterior portion of the neural spine is deep and
flanked bilaterally by the postzygapophyses (Fig. 18Bs). A distinct postspinal lamina runs
along the midline of its dorsal surface, becoming confluent with the neural spine near its

posterodorsal corner (Fig. 18B3, Bs).
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The morphology of the neural spine itself can vary considerably between specimens
(compare Fig. 18A and Bsz). In some individuals the height of the thin prespinal lamina
increases gradually before reaching the distal surface of the neural spine (Fig. 18B), whereas
in others the anterior margin of the neural spine is deeply concave in lateral view and nearly
vertical, with the neural spine being relatively taller but much shorter anteroposteriorly (Fig.
18A). All known vertebrae 12 of T. conspicuus share the characteristics of the distal surface of
the neural spine, which is rounded, slightly transversely expanded, and with a more dorsally
raised posterior portion, so that in lateral view it is anteroventrally inclined (Fig. 18A, Bs, Ba).
Moreover, all known twelfth cervical vertebrae of T. conspicuus have a neural spine that is
considerably taller than in the corresponding vertebrae of other species of Tanystropheus
(pers. obs. AR; Wild 1973; Renesto 2005; Nosotti 2007; Rieppel et al. 2010).

Fig. 18. Twelfth cervical vertebrae of Tanystropheus conspicuus from the Lower Keuper
(lower Ladinian) of Miedary (Poland) — ZPAL V. 36/108 (A) and ZPAL V. 36/1209 (B).
Three-dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled, in left
lateral (A, Bs), ventral (B1), anterior (B2), dorsal (Bs), and posterior (Bs) views. Areas covered

with sediment marked with blue hue.

The thirteenth cervical vertebra is proportionally more similar to the succeeding dorsal
vertebrae than the preceding cervical vertebrae (Fig. 19). The length of its centrum is always

shorter than the height of the vertebra (Fig. 19A). The centrum is considerably constricted
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bilaterally and ventrally, being slightly concave in lateral view and hourglass-shaped in
ventral view (Fig. 19A-B). The midline of the ventral surface is marked by the presence of a
weakly developed ventral keel (Fig. 19B). On its sides, near the anteroposterior midpoint are
up to two subcentral foramina. In some instances there may only be one, or none at all, and
they are always much smaller than the corresponding foramina in the preceding cervical

vertebrae.

The neural canal openings are semicircular, with the anterior one being much lower
but transversely broader than the posterior one (Fig. 19D-E). The articular surfaces of the
centrum are circular and very weakly amphicoelous. The anterior one is larger and more
ventrally located (Fig. 19A, D—E). The parapophyses are directly adjacent to each other, being
separated only by the anterior portion of the ventral keel (Fig. 19B). The diapophyses are
intermediate in length between those of the cervical vertebrae and the dorsal vertebrae. They
are especially massive, projecting lateroventrally from the anterolateral portion of the centrum
as stout processes, with a deep, broad concavity between them and the parapophyses (Fig.
19A-B). The rib articular surfaces of the parapophyses are flat, subcircular, and more
anteriorly oriented than the elliptical, rounded, lateroventrally oriented articular surfaces of
the diapophyses (Fig. 19B). The lateral surface of the vertebra is concave between the
diapophysis and the distal tip of the prezygapophysis, with its margin being semicircular in
anterior view (Fig. 19D-E).

The prezygapophyses are relatively long, broad, and laterally projecting. They do not
extend anteriorly beyond the articular surface of the centrum (Fig. 19A). The mound-like
anterior tuberosities, present in the preceding cervical vertebrae, are absent, but the
corresponding anteroventral surface of the prezygapophyses is rugose (Fig. 19D). The
prezygapophyseal articular surfaces are elliptical. Their longer axis is sub-transversely
oriented (Fig. 19C). The angle formed between them is obtuse (Fig. 19D). The
postzygapophyses are longer than the prezygapophyses, with their articular surfaces also
being transversely wider (Fig. 19C). They project dorsolaterally but do not extend posteriorly
beyond the articular surface of the centrum (Fig. 19A). The angle formed between them is
obtuse but to a lesser extent than between the prezygapophyses (Fig. 19E). The epipophyses
are nearly completely reduced, being developed as minute projections on the dorsal surface of

the postzygapophyses (Fig. 19E).

The base of the neural spine is anteriorly and posteriorly constricted by concavities in
lateral view, with the posterior one being larger and deeper (Fig. 19D-E). These concavities

71



are flanked by the laminae that connect the zygapophyses to the neural spine and ventrally
floored by the laminae that constitute the roof of the neural canal. As for the twelfth vertebra,
there is some disparity in the neural spine morphology in the last cervical of T. conspicuus,
with its relative length varying considerably. In most specimens the neural spine is
anteroposteriorly short but dorsoventrally tall and relatively straight, with distinct prespinal
and postspinal laminae extending along its anterior and posterior margins (Fig. 19A). The
distal surface of the neural spine is rounded in lateral view and slightly transversely expanded.
As for most other vertebrae, the neural spine morphology is the main feature distinguishing T.
conspicuus from T. hydroides and T. longobardicus, with the two latter exhibiting
considerably shorter neural spines with a flat, straight distal surface (see Wild 1973; Renesto
2005; Nosotti 2007; Rieppel et al. 2010). However, all species of Tanystropheus share the
characteristically robust diapophyses (see Wild 1980a; Rieppel et al. 2010).

Fig. 19. Thirteenth cervical vertebra of Tanystropheus conspicuus from the Lower Keuper
(lower Ladinian) of Miedary (Poland) — ZPAL V. 36/2485. Three-dimensional model
snapshots with Lit Sphere Radiance Scaling shader enabled, in right lateral (A), ventral (B),
dorsal (C), anterior (D), and posterior (E) views. Areas covered with sediment marked with
blue hue. The vertebra could not be fully prepared due to its association with a delicate skull
bone.
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Dorsal vertebrae

Similar to other species of Tanystropheus, twelve dorsal vertebrae are present in
Tanystropheus conspicuus, although no specimen preserves a full series (see Discussion).
Specimen ZPAL V. 36/125 includes eleven dorsal vertebrae still in articulation, as well as the
two sacral vertebrae, several caudal vertebrae, the left scapula, the left pubis, and the left
ilium, as well as many ribs and gastralia (Fig. 20). All dorsal vertebrae of T. conspicuus are

amphicoelous and lack any trace of the neurocentral suture.

The anterior dorsal vertebrae are similar in their morphology to the last cervical
vertebra (compare Fig. 19 and Fig. 21). In Tanystropheus the dorsal vertebrae differ, however,
from the cervical vertebrae in the complete absence of two major features — the subcentral
foramina and the epipophyses. Moreover, in the anterior dorsal vertebrae the diapophyses are
longer and laterally oriented, the postzygapophyses are shorter and more posteriorly
projecting, and the anterior articular surface of the centrum is relatively smaller compared to
the posterior cervical vertebrae. In the anteriormost dorsal vertebrae the centrum is
parallelogram-shaped in lateral view and relatively longer than in the succeeding vertebrae
(Fig. 21C). Its circular articular surfaces are roughly on the same dorsoventral level, with the
anterior one being relatively larger. In ventral view the centrum is hourglass-shaped, with a
median keel forming its ventral edge (Fig. 21E). The parapophyses are located in the
ventrolateral corner of the anterior articular surface. Their bases nearly touch, being separated
only by the ventral keel (Fig. 21E). They are short and sturdy, weakly ventrally expanded, and
ventrolaterally oriented (Fig. 21C, E). The diapophyses originate from the lateral surface of
the vertebra, roughly at the boundary between the centrum and the neural arch (Fig. 21C).
They are relatively long and robust, extending laterally far beyond the zygapophyses. Their
distal ends are elliptical in lateral view and thickened (Fig. 21C). Three distinct laminae are
present along most of the length of the diapophysis (Fig. 21A, C, E) — a lamina extending to
the corresponding prezygapophysis (prezygodiapophyseal lamina), a lamina extending
towards the corresponding parapophysis (anterior centrodiapophyseal/paradiapophyseal
lamina), and finally a lamina extending towards the posteroventral corner of the centrum
(posterior centrodiapophyseal lamina). Moreover, the posterolateral portion of the base of the
diapophysis is connected to the base of the corresponding postzygapophysis by a weakly
developed postzygodiapophyseal lamina (Fig. 21C). Between the diapophyseal laminae, there
are deep, triangular pits (fossae), of which the fossa located anteriorly to the diapophysis (the
prezygocentrodiapophyseal fossa) is the deepest (Fig. 21A).
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Fig. 20. Partial skeleton of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/125, including most of the torso of one
individual (A, B, C) and some associated elements (D, E). Photographs (A-B, D-E) and a
three-dimensional model shapshot with Lit Sphere Radiance Scaling shader enabled (C), in
left lateral (A), right lateral, (B), dorsal (C-D), and anterior (E) views.
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The prezygapophyses are relatively large and transversely wide (Fig. 21A, D). Their
distal margin is rounded and confluent with the edge of the corresponding articular surface
(Fig. 21A). The prezygapophyseal articular surfaces are elliptical in dorsal view and have
their lateral edges slightly raised, with an obtuse angle of around 150° being formed between
the prezygapophyses (Fig. 21A, D). They connect to the centrum through
centroprezygapophyseal laminae, which laterally flank the elliptical opening for the neural
canal (Fig. 21A). Between the prezygapophysis and the neural spine there is a shelf
(transprezygapophyseal lamina), which also constitutes the roof of the neural canal (Fig. 21A,
D). This shelf is posteriorly delimited by the neural spine and the spinoprezygapophyseal
laminae. The postzygapophyses are shorter than the prezygapophyses, and posterolaterally
oriented (Fig. 21D). As in the prezygapophyses, they meet in an obtuse angle (Fig. 21B).
Their articular surfaces are elliptical. The postzygapophyses connect to the centrum through
the vertical centropostzygapophyseal laminae, which flank the posterior, rectangular, opening
for the neural canal (Fig. 21B). The posterior portion of the neural canal is roofed by the
transpostzygapophyseal lamina, which extends between the postzygapophyses and the base of
the neural spine, forming a shelf that is anteriorly delimited by the spinopostzygapophyseal
laminae (Fig. 21B, D).

The neural spine is tall. Its base is anteroposteriorly constricted through the presence
of deep pits formed between the zygapophyses (Fig. 21A-C). From those pits, two laminae
extend towards the distal end of the neural spine — the anterior, prespinal lamina, and the
posterior, postspinal lamina (Fig. 21A-C). They expand the anteroposterior width of the
neural spine in lateral view, forming well outlined attachment sites for ligaments. The distal
portion of the neural spine is posteriorly displaced relative to its base and the neural spine is
consequently posteriorly curved (Fig. 21C). On its laterodistal surface, a tuberosity is present
bilaterally, possibly forming a weakly laterally projecting mammillary process on both sides
(Fig. 21B-C). The distal portion of the neural spines is convex in lateral view, transversely
expanded, and bulbous. Its surface is distinctly rugose and covered with a dense network of

grooves, pits, and ridges (Fig. 21C-D).
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Fig. 21. Anterior dorsal vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/1249/. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in anterior (A), posterior (B), right lateral (C),
dorsal (D), and ventral (E) views. Areas covered with sediment marked with blue hue.
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The morphology of the succeeding dorsal vertebrae corresponds closely with that of
the anterior ones, although several features change gradually along the length of the vertebral
column (see Fig. 20). The centrum length remains relatively constant, with only the last three
dorsal vertebrae being considerably shorter (Fig. 20B). Parapophyses are present up to the
fourth dorsal vertebra, and in each succeeding vertebrae after the first one, they are slightly
more distant from each other and the ventral keel (Fig. 20A). The transverse processes retain
their length and anteroposterior width up to the tenth dorsal (Fig. 20C). In dorsal vertebrae
three to ten, the transverse processes are situated near the anteroposterior mid-point of the
centrum, with the prezygodiapophyseal lamina not extending towards the anterior edge of the
prezygapophyses, and this lamina being nearly completely reduced in the last two dorsal
vertebrae (Fig. 20A-C). From the third dorsal vertebra onwards, the shape of the
diapophyseal articular surface for the rib attachment changes from elliptical to triangular,
becoming dorsoventrally taller in lateral view (Fig. 20A-B). The zygapophyses become
successively shorter and more anteroposteriorly projecting in each consecutive vertebra. The
angle between their articular surfaces remains relatively constant and similar to that observed
in the anterior dorsal vertebrae. Their articular surfaces are elliptical and transversely wide.
The neural spine is posteriorly curved only in the first two dorsal vertebrae (Fig. 20A-B). In
all succeeding elements it is relatively straight in lateral view. Dorsal to the ridge extending
between the prespinal and postspinal laminae in dorsal vertebrae five to ten the distal margin
of the neural spine is anteroposteriorly expanded (Fig. 20A-B). As a result, the distal portion
of their neural spines is rhomboidal in lateral view. All dorsal vertebrae share the presence of
a rugose distal surface of the neural spine, although the exact morphology and the extent of
this distal expansion are highly variable, sometimes differing between vertebrae from the
same position in the vertebral column. The last two dorsal vertebrae differ from the preceding
ones in several features, as previously documented in Tanystropheus by Wild (1973) and
Nosotti (2007) who considered them as “lumbar” vertebrae. Their centra are relatively much
shorter and lack the ventral keel, their neural spines are relatively taller, anteroposteriorly
short, and distally less expanded (Fig. 22). Moreover, their diapophyses are more anteriorly

located, occupying the space directly between the prezygapophyses and the centrum.
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Fig. 22. Posterior (eleventh?) dorsal vertebra of Tanystropheus conspicuus from the Lower
Keuper (lower Ladinian) of Miedary (Poland) — ZPAL V. 36/1033. Three-dimensional model
snapshots with Lit Sphere Radiance Scaling shader enabled, in anterior (A), right lateral (B),
posterior (C), dorsal (D), and ventral (E) views. Areas covered with sediment marked with

blue hue.

There are several morphological differences present between the dorsal vertebrae of
Tanystropheus conspicuus and other Tanystropheus species. For example, the diapophyses
being much longer and more robust in the former (compare Figs. 20-21 with the vertebrae
illustrated by Wild 1973, 1980a; Renesto 2005; Nosotti 2007). Only a few of the vertebrae of
T. conspicuus that Wild (1973) had access to preserved the distal portion of the neural spine,
and with it, the distal rugose expansion and convex outline in lateral view. It is only evident
now, through the discovery of further, complete, elements that T. conspicuus differs in neural
spine morphology from the other Tanystropheus species. Among non-crocopodan
archosauromorphs, this condition is present to a similar extent in only one other tanysaurian,
Trachelosaurus fischeri. This taxon is also characterised by the presence of the rugose,
convex thickening of the distal portion of the neural spine in most of its precaudal vertebrae,
and with well-developed transverse striations marking its surface (Spiekman et al. 2024b). By
contrast with the vertebrae known from the CEB referred to T. conspicuus, all other published
dorsal vertebrae of Tanystropheus have a shorter neural spine, with a distal expansion formed
as a straight, flat spine table (pers. obs. AR; Wild 1973; Wild 1980a; Renesto 2005; Dalla
Vecchia 2006, 2008; Nosotti 2007; Rieppel et al. 2010; Ezcurra 2016; Dalla Vecchia and
Simonetto 2018; Renesto and Saller 2018; Spiekman et al. 2021). In the dorsal vertebrae of
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these forms the vertebral height at the midpoint is usually subequal, or slightly larger than the
length of the corresponding centrum (pers. obs. AR, see Wild, 1973; Nosotti 2007; Fig. 23). In
T. conspicuus the dorsal vertebrae are always about two to three times taller than long. There
is some overlap of the centrum length between the largest known dorsal vertebrae of T.
hydroides and the smallest measured dorsal vertebrae of T. conspicuus, but the neural spines

of the latter are much taller (Fig. 23).

Fig. 23. Comparison of length to height ratio in the dorsal vertebrae of three species of
Tanystropheus. See Appendix | for the list of specimens used and the respective measured
values. Dashed lines represent the linear regression fitted lines, one for T. conspicuus and one
treating T. hydroides and T. longobardicus as one population, with respective regression

equation and coefficient of determination value provided next to them.

Sacral vertebrae

As in other species of Tanystropheus, there are two unfused sacral vertebrae present in
Tanystropheus conspicuus (Wild, 1973; Nosotti 2007). Aside from the presence of the sacral
ribs, they are morphologically similar to the posteriormost dorsal vertebra, and are of nearly
identical size (Fig. 20). The centrum of the first sacral vertebra is relatively short, slightly
amphicoelous, and does not have a ventral constriction nor a ventral keel (Fig. 24E). Its
articular surfaces are round, with the posterior one being relatively smaller (Fig. 24A, C). The
sacral ribs are fully fused to the transverse processes without a discernible suture line. The
ribs extend laterally from the anterodorsal corner of the lateral surfaces of the centrum (Fig.

24B). They anteroposteriorly widen distally, with their anterior portion being further laterally
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extended (Fig. 24D). Their distal margin is oriented obliquely to the longitudinal axis of the
vertebra, with the articular surface for the ilium being ventrolaterally and slightly posteriorly
facing. In lateral view the articular surface of the rib is elliptical (Fig. 24B). In anterior view,
the sacral ribs have a straight dorsal and convex ventral margin (Fig. 24A). The neural canal
openings are relatively small and circular (Fig. 24A, C). The prezygapophyses project
dorsolaterally, with their articular surfaces being elliptical and transversely broad (Fig. 24D).
The angle between them is obtuse in anterior view (Fig. 24A) and does not differ from the
condition noted in the dorsal vertebrae. The postzygapophyses are relatively short and
posterolaterally projecting (Fig. 24D). Their articular surfaces share the characteristics of the
prezygapophyseal articular surfaces. The neural spine is tall and slightly anteroposteriorly
expanded towards its distal end (Fig. 24B).

Fig. 24. First sacral vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/1187. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in anterior (A), left lateral (B), posterior (C),

dorsal (D), and ventral (E) views. Areas covered with sediment marked with blue hue.
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The second sacral vertebra differs from the first one mainly in the characteristics of
the ribs. The second pair of dorsal ribs is ventrolaterally and somewhat anteriorly oriented,
shorter, and they widen distally to a lesser extent than the first pair (Fig. 25). The anterior
margin of the second sacral rib is flat in lateral view (Fig. 25B), forming an articulation
surface for the posterolateral tip of the first sacral rib. On the posterodorsal margin of each of
the second sacral ribs, at the level of the most dorsal extent of the posterior articular surface of
the centrum, a posteriorly projecting, anteroposteriorly flattened process is present. It is
triangular in dorsal view and tapers to a point (Fig. 25D). Further differences between the first
and the second sacral vertebrae of T. conspicuus include the presence of a weakly pronounced
ventral keel on the centrum (Fig. 25E) and a more anteroposteriorly expanded neural spine in
the latter (Fig. 25B). Moreover, the prezygapophyses in the second sacral vertebra are
positioned more ventrally than the postzygapophyses, conversely to the first sacral vertebra

(compare Figs. 24 and 25).

Fig. 25. Second sacral vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/1037. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in anterior (A), left lateral (B), posterior (C),

dorsal (D), and ventral (E) views. Areas covered with sediment marked with blue hue.

Caudal vertebrae
In all known caudal vertebrae of Tanystropheus conspicuus the transverse processes

are seamlessly fused with ribs. In the text | refer to the whole fused element as a transverse
process. They are present in approximately the first fourteen caudal vertebrae in T. hydroides
(Wild 1973) — these can be considered the proximal caudal vertebrae. The inferred distal
caudal vertebrae therefore lack a transverse process. The first caudal vertebra in T. hydroides
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and T. longobardicus can be distinguished by the presence of posterolaterally oriented,
distally tapering, wing-like transverse processes (Wild 1973, 1980a). Further posteriorly, the
proximal caudal vertebrae possess a non-tapering transverse processes with a relatively
constant anteroposterior width, and hence when dealing with isolated vertebrae, it is only the
first caudal vertebra that can be assigned to its original position in the vertebral column with
any certainty in these two species. However, no caudal with such posterolaterally oriented and
distally tapering transverse processes is known from Miedary. Wild (1973) identified a
fragmentary vertebra as the first caudal of T. conspicuus, but due to the missing transverse
processes, this identification is equivocal. The only specimen that can be regarded as a likely
first caudal vertebra of T. conspicuus is MHI 2199/2, in which the transverse processes are
reminiscent of butterfly wings - they are relatively short, triangular in dorsal view, and
possess two extensions, one projecting posterolaterally and the other anteriorly. The former
extension tapers slightly. This anteriorly projecting extension is present, but much less
pronounced, in the first caudal vertebra of other Tanystropheus species (e.g., PIMUZ T 1270,
PIMUZ T 2483, MCSN 4451). MHI 2199/2 does not possess a median groove, associated
with the presence of the chevron, both of which are absent in the anteriormost caudal
vertebrae of Tanystropheus (see Fig. 26E), but present along most of the length of the tail (see
Wild 1973; Renesto and Saller 2018).

Fig. 26. Anterior caudal vertebra of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — ZPAL V. 36/114. Three-dimensional model snapshots with
Lit Sphere Radiance Scaling shader enabled, in anterior (A), left lateral (B), posterior (C),

dorsal (D), and ventral (E) views. Areas covered with sediment marked with blue hue.
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The proximal caudal vertebrae of Tanystropheus conspicuus possess a relatively short,
ventrally and laterally constricted centrum, corresponding to the preceding sacral and
posterior dorsal vertebrae (Fig. 26B, E). Its articular surfaces are moderately amphicoelous
and circular (Fig. 26A, C). The openings of the neural canal are heart-shaped, with a bilobed
dorsal margin (Fig. 26A, C). The transverse processes project laterally from the boundary
between the centrum and the neural arch at mid-length (Fig. 26B). They are dorsoventrally
thin and flat, and anteroposteriorly wide. In the proximal caudal vertebrae, apart from the
first, the transverse processes have a blunt end, with a rounded distal margin (Fig. 26D-E).
Their anterior and posterior margins curve slightly posteriorly relative to their base in dorsal
view (Fig. 26D-E).

The prezygapophyses in the proximal caudal vertebrae are longer, more slender, and
further dorsally projecting than in the sacral vertebrae (Fig. 26B, D). Their articular surfaces
are elliptical in dorsal view. In anterior view the angle between them is considerably smaller
than in all the preceding dorsal and sacral vertebrae, but still obtuse (Fig. 26A). Unlike in
nearly all the preceding vertebrae, the transprezygapophyseal and transpostzygapophyseal
laminae are absent, with the corresponding zygapophyses separated by a notch in dorsal view
(Fig. 26A, C-D). The postzygapophyses project further laterally than the prezygapophyses,
with the longitudinal axes of their articular surfaces being nearly parallel to each other and

perpendicular to the sagittal plane of the vertebra (Fig. 26D).

As for the preceding elements, the base of the neural spine is anteroposteriorly
constrained by deep, triangular grooves located between the zygapophyses (Fig. 26A, C). The
neural spine is positioned relatively further posteriorly than in the preceding vertebrae (Fig.
26B). It is relatively shorter than in the dorsal and sacral vertebrae but still considerably taller
in relative terms than in the corresponding elements of other Tanystropheus species (compare
to Wild 1973; Dalla Vecchia 2000; Nosotti 2007). In lateral view its anterior and dorsal
margins are straight, and the posterior edge is concave (Fig. 26B). The distal edge is spindle-
shaped in dorsal view (Fig. 26D). It lacks the anteroposteriorly convex expansion present in
the preceding elements but is formed as a rugose, flat “spine table” (see Ezcurra 2016;
Renesto and Saller 2018; Spiekman et al. 2021), with the laterodistal surfaces of the neural

spine also having a rough texture.

Posteriorly along the caudal column, the characters described above change gradually.
The centrum retains its length or becomes slightly longer in the more posterior proximal
vertebrae (Fig. 27). Distal to the first caudal vertebra, the centrum becomes more hourglass-
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shaped in ventral view, with its articular surfaces becoming less transversely expanded, but
more concave. The most distal caudal vertebrae have an approximately constant centrum
height along their length (Fig. 27F—G). A median groove is present, along with the hemal
arches, in one of the first proximal caudal vertebrae, and also occurs on the ventral surface of
most, if not all, succeeding caudal centra. The groove is flanked by well-defined lateral
ridges, which decrease in height near the anteroposterior midpoint of the centrum. At the
midpoint, a deep notch of the ventral centrum margin is visible in lateral view (Fig. 27B-G).
This ventral notch is absent in the caudal vertebrae of T. hydroides and T. longobardicus (pers.
obs. AR; see Wild 1973; 1980a). The articulation surfaces for the hemal arches are poorly
defined. The transverse processes decrease in length and anteroposterior width posteriorly
along the caudal column to become a cone-shaped, tapering, laterally oriented projection in
the posteriormost proximal caudal vertebrae (Fig. 27B-C). They are always located at the

mid-length of the vertebra on the boundary between the centrum and the neural arch.

Fig. 27. A sequence of isolated middle-distal caudal vertebrae of Tanystropheus conspicuus
from the Lower Keuper (lower Ladinian) of Miedary (Poland) — ZPAL V. 36/2489 (A), ZPAL
V. 36/2490 (B), ZPAL V. 36/2491 (C), ZPAL V. 36/139 (D), ZPAL V. 36/116 (E), ZPAL V.
36/115 (F), and ZPAL V. 36/1070 (G). Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in left lateral (A, C, E, G) and right lateral (mirrored — B, D,

F) views.

As in all other vertebrae of Tanystropheus, the fusion of the neural arch and the
centrum is seamless in all caudal vertebrae. In all proximal caudal vertebrae of T. conspicuus
the pre- and postzygapophyses extend slightly beyond the centrum (Fig. 27A-C). Distally
along the caudal series, the zygapophyses become relatively smaller, and increasingly slender,
dorsally projecting, and tapering (Fig. 27E—F). In the posterior proximal and anterior distal
caudal vertebrae, the angle between the zygapophyseal articular surfaces changes from obtuse
to acute. In the distal-most caudal vertebrae the postzygapophyses become confluent with the
posterior margin of the neural spine (Fig. 27F-G). The prezygapophyses, which decrease in

size along the caudal series less than the postzygapophyses, change from anteriorly oriented,
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minute projections, to slight thickenings on the anterolateral surfaces of the neural spine (Fig.
27F-G).

Although the neural spine height decreases distally in the tail of T. conspicuus, all
caudal vertebrae of this species seem to be distinctly taller than the corresponding vertebrae of
T. hydroides and T. longobardicus. The distal margin of the neural spine in the latter two
species is relatively straight in lateral view (see Wild 1973, 1980a; Nosotti 2007) or slightly
concave in the distal caudal vertebrae of T. hydroides (PIMUZ T 2817, pers. obs. AR). In the
distal caudal vertebrae of T. conspicuus the neural spine is distinctly convex, with its
distalmost expansion point being located around the mid-length (Fig. 27D-G). The neural
spine in the distal caudal vertebrae of both T. conspicuus and T. hydroides is positioned
relatively much further anteriorly (see Peyer 1931, plate 11 - PIMUZ T 2793; Fig. 27) than in
T. longobardicus (including the neotype specimen PIMUZ T 2791, “Exemplar a” of Wild
1973). In the distal-most vertebrae of T. conspicuus, in which only remnants of the
zygapophyses can be identified, the anterodistal and posterodistal margins of the low neural
spine are rounded in lateral view (Fig. 27). The anterior portion of the neural spine in T.

conspicuus extends beyond the centrum anteriorly, overhanging it (Fig. 27G).

Hemal arches similar to those known from the articulated specimens of T. hydroides
and T. longobardicus (see Wild 1973; Nosotti 2007) have been found in Miedary, but they are

not diagnostic enough to unequivocally refer them to Tanystropheus.

Cervical ribs

Only the two posteriormost, shortest, cervical ribs of Tanystropheus conspicuus have
been found as complete specimens. The longest preserved fragments of cervical ribs found in
Miedary measure around 25 cm in length, but almost certainly reached over 100 cm when
complete. All cervical ribs found in Miedary so far are dicephalous, with a narrow canal
partitioning the articular head of the rib into capitulum and tuberculum (Fig. 28). Thus, in all
species of Tanystropheus the cervical ribs were only functionally single-headed (contra Wild
1973 and following Nosotti 2007).

As in other species of Tanystropheus, the articular portion (anterior to the shaft) in all
anterior and middle cervical ribs is exceedingly small when compared to the total length of
the element. In contrast to the posterior cervical ribs, the anteromedially oriented free ending
process is blunt, short, and does not taper (Fig. 28). Tuberculum and capitulum are

dorsoventrally very short but well defined. The tuberculum is anteroposteriorly longer, with
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its articular surface being narrow, elongate, and oriented obliquely to the shaft (Fig. 28A). The
dorsal edge of the tuberculum is concave in lateral view, with its anterior and posterior
portions located more dorsally than the middle section, thereby forming a gentle curve in
outline (Fig. 28C). The capitulum extends medially as a short, rounded, process (Fig. 28A-B,
D). It is more robust, wider, and shorter than the tuberculum but its longitudinal axis is also
oblique to the shaft (Fig. 28A). The articular surface of the capitulum is concave in medial
view, forming a V-shaped depression (Fig. 28A). The space between the articular heads is
restricted to a narrow and shallow canal (Fig. 28A). The shaft is formed as an extremely

elongate, thin, tapering rod, with a semicircular cross section.

Fig. 28. Anterior portion of a right middle cervical rib head of Tanystropheus conspicuus from
the Lower Keuper (lower Ladinian) of Miedary (Poland) — ZPAL V. 36/2433. Three-
dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled, in dorsal (A),

ventral (B), lateral (C), and medial (D) views. Arrows indicate anterior direction.

The cervical rib morphology changes markedly near the base of the neck, with the pair
of ribs articulating with the eleventh cervical vertebra being shorter and more massive (Fig.
29A). Its anterior free-ending process tapers to a point and is dorsomedially oriented (Fig.
29Az). Both articular heads are stocky but taller than in the preceding ribs (Fig. 29A4). Their
articular surfaces are semicircular and flat (Fig. 29A1). The dorsally oriented tuberculum is
slightly larger and more elongate than the dorsomedially oriented capitulum (Fig. 29A:1).

Between them, there is relatively much more space than in the more anterior ribs. Low, thin,
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laminae extend posteriorly from the articular heads, along the shaft, expanding its edge
dorsally (Fig. 29A3-As).

The twelfth cervical vertebra bears the first pair of relatively short ribs (Fig. 29B).
They are also characterised by the presence of a long, tapering, dorsomedially oriented free-
ending anterior process, and a highly curved, convex, ventral surface (Fig. 29B3). Compared
to the preceding ribs, the pair of ribs associated with the twelfth cervical vertebra has a more
posteriorly located tuberculum, which is also taller and possesses a larger articular surface.
The ventrally curved lamina that extends from the posterodorsal edge of the tuberculum
reaches nearly to the end of the shaft (Fig. 29B1, Bs). In contrast to the preceding ribs, the
posterior end of the shaft is blunt, and does not taper (Fig. 29B3).

The last pair of cervical ribs, associated with the thirteenth vertebra, differs from the
preceding elements with its relatively straight ventral surface, and the presence of a shorter,
relatively posteriorly recurved anterior free-ending process (Fig. 29Cs). Cervical ribs from the
posteriormost pair are also relatively the shortest and the tallest (Fig. 29, compare C to A and
B). Their articular heads are also much longer, and oriented anterodorsally, with acute angles
formed between them and the anterior free-ending process (Fig. 29Cz). Similar to the
preceding rib pairs, there are thin laminae extending between the articular heads and the
posterior portion of the shaft (Fig. 29C1, C3—Cs). The one associated with the tuberculum is
much taller (Fig. 29C4). Radial striations are present on its lateral surface. They are more
pronounced near the relatively straight dorsal edge of this lamina (Fig. 29Cs). The general
morphology of the last cervical rib is shared between T. conspicuus and T. hydroides but not T.
longobardicus (see Wild 1973; Nosotti 2007; Rieppel et al. 2010). In the latter, the lamina
projecting from the tuberculum is not posterodorsally expanded. Intriguingly, there is a
feature that is present in both the T. hydroides specimen PIMUZ T 2787 from Monte San
Giorgio and a Tanystropheus specimen from China GPKU P 1527 but not in any of the ribs of
T. conspicuus: on the dorsolateral surface of the lamina connecting the tuberculum and the
shaft in the last cervical rib of the two latter forms there is a horizontal shelf-like ridge parallel

to the shaft. In T. conspicuus this surface is flat.
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Fig. 29. Posterior cervical ribs of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — anterior portion of the left (mirrored) eleventh cervical rib
ZPAL V. 36/1019 (A), left (mirrored) twelfth cervical rib ZPAL V. 36/1000 (B), and right
thirteenth cervical rib ZPAL V. 36/1251 (C). Three-dimensional model snapshots with Lit
Sphere Radiance Scaling shader enabled, in ventral (A1, B1, C1), dorsal (A2, Bz, C»), lateral
(As, Bs, C3), and medial (A4, B4, C4) views. Arrows indicate anterior direction. Areas covered
with sediment marked with blue hue. Note that the capitulum in ZPAL V. 36/1000 is largely
missing and the tuberculum and capitulum in ZPAL V. 36/1251 are nearly touching due to

diagenetic deformation.
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Dorsal ribs

As in many other archosauromorphs, the dorsal ribs of Tanystropheus conspicuus are
long, slender, and lateromedially curved elements (Fig. 30). Their morphology is clearly
visible in the partial skeletons ZPAL V. 36/125 (Figs. 20, 30) and ZPAL V. 36/584 (Fig. 16).
Whereas | generally consider most isolated dorsal ribs from Miedary as non-diagnostic for
Tanystropheus, the dicephalous anterior dorsal ribs are distinct in their shape (see below) and

can be referred to T. conspicuus with high confidence.

Among the dorsal ribs of other species of Tanystropheus, the first two or three pairs
were identified as dicephalous (Wild 1973; Renesto 2005; Nosotti 2007), whereas the rest are
holocephalous. Three dicephalous dorsal ribs are associated with their corresponding
consecutive vertebrae within ZPAL V. 36/125 (Fig. 30). They were likely preceded by a not
unpreserved first dorsal vertebra (see Discussion), which implies that the four anteriormost
pairs of dorsal ribs were dicephalous in T. conspicuus. They bear a well-separated, relatively
long and slender capitulum and a stubby tuberculum, which becomes more massive in the
more posterior elements. Dorsal ribs from the first pair, of which an example is preserved in
isolation but identified based on its morphology, are similar in the morphology of their
proximal portion to the posteriormost cervical ribs, and possess a large, triangular anterior
free-ending process (Fig. 30A). It is nevertheless identified as a dorsal rib based on its shaft
morphology. In the second dorsal rib pair the anterior free-ending process is very much

reduced, and in the succeeding ribs it is completely absent (Fig. 30A).

The dicephalous anterior dorsal ribs of T. conspicuus bear a distinct feature — their
dorsolateral surface is anteroposteriorly expanded along the shaft distal to the tuberculum-
capitulum conjunction, forming a very thin plate-like extension (Fig. 30). Its lateral surface is
relatively smooth but covered with radial striations. A similar structure is present in the
posteriormost cervical ribs, but in the first dorsal ribs it is more distally expanded (compare
Fig. 29C and Fig. 30A). In the first two dorsal rib pairs this extension is roughly triangular in
lateral view, with laminae extending from the tuberculum and the free-ending process. Their
anteroposterior width diminishes distally, as they terminate around the middle of the length of
the shaft (Fig. 30). The third dorsal rib preserves only a slightly expanded anterolateral ridge,
a remnant of the plate-like extension found in the preceding elements (Fig. 30B). In the fourth
dorsal rib, in which the capitulum and the tuberculum become nearly confluent, this ridge is
reduced to a weakly projecting tuberosity on the posterolateral edge of the rib (Fig. 30B). A

similar morphology can be noted for the ribs associated with the first dorsal vertebra of T.
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hydroides (e.g., PIMUZ T 2787, PIMUZ T 2793, PIMUZ T 2817, PIMUZ T 2818), T. cf. T.
longobardicus (e.g., MCSN 4451) and Tanystropheus sp. (e.g., IVPP V 14472), all bearing the
plate-like extension in at least the first pair of dorsal ribs, which also possess the free ending
anterior process (PIMUZ T 2787, MCSN 4451). Wild (1973, fig. 35 — “fourth” dorsal rib)
misidentified this process as a rudimentary capitulum in the first pair of dorsal ribs of PIMUZ
T 2787. The plate-like extension is relatively much less expanded in the other species of
Tanystropheus than in T. conspicuus, and in the latter it is present also on the third pair of
dorsal ribs, albeit in a much reduced form (Fig. 30B). This structure has not been reported in

any other tanysaurian.

Posterior to the fourth dorsal vertebra the vertebrae bear holocephalous ribs, with each
succeeding rib being shorter and less lateromedially curved. Wild (1973) interpreted the ribs
of the last two dorsal vertebrae in Tanystropheus as pleurapophyses tightly fused with their
corresponding vertebrae. ZPAL V. 36/125 demonstrates that this was not the case in T.
conspicuus. Diapophyses in this specimen are clearly separate in even the last pair of dorsal

ribs, which are individual short elements.

Fig. 30. Anterior dorsal ribs of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — first right dorsal rib ZPAL V. 36/123 (A) and left anterior
dorsal ribs associated within an anterior portion of a partial skeleton ZPAL V. 36/125 (B).
Photographs (A:, B) and a three-dimensional model snapshot with Lit Sphere Radiance
Scaling shader enabled (A>), in medial (A1-2), and left lateral views (B).
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Gastralia

Some isolated slender, elongate, roughly V-shaped elements similar to those known
from the articulated specimens of T. hydroides and T. longobardicus have been found in
Miedary, but they are not diagnostic enough to unequivocally identify them as gastralia of
Tanystropheus. The only unequivocal gastralia of T. conspicuus are associated with the
articulated partial skeleton ZPAL V. 36/125, which preserves a considerable number of
intermingled, closely packed, relatively thin elements (Fig. 31) which in life would have
formed an extensive gastral basket.

Consistent with the other species of Tanystropheus, there are two morphotypes of
gastralia, which intertwined with each other (Wild 1973). The more laterodorsally located
ones were gently bent to form an obtuse angle, thus being bow-like in their shape. The
elements forming the medioventral part of the gastral basket were generally straight, with
only their ventralmost portion mediodorsally curved roughly at a right angle. These gastralia
met along the midline of the ventralmost part of the torso, with the hook-like ending
interlocking with corresponding element originating from the contra-lateral side. Together
they formed a transversely V-shaped structure, a condition widely distributed in other diapsids

including tanysaurians (see Olsen 1979; Jaquier et al. 2017; Spiekman et al. 20244, b).

Fig. 31. Gastralia of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — association within the posterior portion of the ZPAL V. 36/125 partial

skeleton in left lateral-ventral view.
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Clavicle

Prior to this study, no elements from the pectoral girdle of Tanystropheus conspicuus
were known. Only a few non-archosaurian archosauromorphs have three-dimensionally
preserved and complete clavicles. Comparative material is therefore limited and as a
consequence the identification of isolated clavicles is often problematic. Wild (1973)
interpreted the more widened blunt portion of the clavicle of Tanystropheus as articulating
with the interclavicle, but this interpretation was challenged by Jaquier et al. (2017) who
argued that it articulated with the scapula instead. Here | follow the latter study.

As in many other diapsids, the clavicle of T. conspicuus is an elongate sickle-shaped
element (Fig. 32). The anteromedial portion of the element is rod-like, with its tapering end
pointing ventromedially. Two well-defined parallel grooves extend for most of the length of
the clavicle along its anteroventral surface, giving it a T-shaped transverse cross section (Fig.
32B4). They are separated by an anteroventrally oriented ridge, which is especially expanded
near the anteroposterior midpoint of the bone (Fig. 32B3). As there is no evidence for the
presence of an ossified interclavicle in Tanystropheus (see Discussion), the anteromedial
portion of the clavicle was likely embedded in chondral tissue instead. The posterolateral end
of the clavicle, which articulated with the scapula, is dorsoventrally widened, forming a
triangular expansion deflected posterodorsally from the relatively straight anteromedial
portion of the bone (Fig. 32B1, B3). Its surface is rugose and covered with striations that run
perpendicular to the bone edge. Morphology of the posterior margin of the posterolateral
portion of the clavicle varies between the two known specimens (ZPAL V. 36/1308 and ZPAL
V. 36/2449) and might be a subject of high intraspecific variation. In ZPAL V. 36/1308 it is
formed as a lateromedially thin ridge that is straight in lateral view, whereas in ZPAL V.

36/2449 this margin has an irregular profile (Fig. 32B1, Bs).

Elements from Miedary, interpreted as clavicles of T. conspicuus, are morphologically
nearly identical to those of T. hydroides (see Fig. 32A). At the same time, the clavicular
morphology of both T. conspicuus and T. hydroides differs from MFSN 31553, a
Tanystropheus sp. clavicle described by Dalla Vecchia (2006, fig. 15). This specimens is
relatively more robust and straight. Its posterolateral portion is not transversely expanded,
contrary to what we see in T. conspicuus, but similar to what can be observed in T. hydroides
and T. longobardicus (Wild 1973; Nosotti 2007). With the currently accessible sample size it
is difficult to assess to what extent some of these differences might be attributable to

preservation characteristics or individual size difference.
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Fig. 32. Clavicles of Tanystropheus — left element of Tanystropheus hydroides from the
Besano Formation (upper Anisian to lower Ladinian) of Monte San Giorgio (Switzerland) —
PIMUZ T 2787 (A) and left element of Tanystropheus conspicuus from the Lower Keuper
(lower Ladinian) of Miedary (Poland) — ZPAL V. 36/2449 (B). A photograph (A) and three-
dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled (B), in
dorsomedial (A, Bi), anterodorsal (B2), ventrolateral (Bs), and posteroventral (Bs) views.
Areas covered with sediment marked with blue hue.

Scapula

The scapula in Tanystropheus conspicuus is an extremely lateromedially thin,
anteroposteriorly broad and dorsoventrally elongate bone (Fig. 33A). Its lateral surface is
smooth, with fine, straight striations radiating distally from the glenoid region (Fig. 33A). The
glenoid peduncle is formed as a short but distinct process, with the glenoid fossa being
located mainly ventrolaterally, and slightly posteriorly. Anterior to the glenoid, the
anteroventral scapular edge is smoothly convex, forming a semicircular acromion process in
lateral view (Fig. 33A). Posterodorsal to the acromion process and dorsal to the glenoid the
anterodorsal edge of the scapula was slightly concave, forming a constriction near the middle
of the anteroposterior length of the scapula in lateral view. Posterodorsal to the constriction,
the scapula reached its dorsalmost extent, from which the dorsal scapular edge descended
posteroventrally, forming the dorsal outline of the scapular blade in lateral view (Fig. 33A).
Posterior to the glenoid, the edge of the scapula curved abruptly, at an angle close to 90°, and
extended in a straight line posterodorsally, constituting the posteroventral outline of the

scapular blade in lateral view. The scapular blade is similar to other species of Tanystropheus
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in being subtriangular in lateral view (Fig. 33A). Whereas Wild (1973, 1987) interpreted the
scapula and coracoid of Tanystropheus as being fused anteriorly and/or posteriorly, for T.
conspicuus there is no indication for any contact between them other than at the glenoid
region, similar to what was noted for T. hydroides and T. longobardicus by Spiekman et al.
(2021).

One scapula of T. conspicuus from Miedary ZPAL V. 36/2426 has been found in situ in
a vertical position, with the dorsal edge of the scapular blade pointing upwards. The scapular
blade in this specimen is as thin as in the other scapulae of T. conspicuus, indicating that the

extremely limited thickness of these elements is not diagenetically-induced.

The scapula of Tanystropheus conspicuus differs from other species of Tanystropheus
in several features (see Fig. 33). In T. longobardicus, and possibly in T. hydroides, the
acromion process is triangular in lateral view, tapering anteroventrally to a point (Fig. 33B—
C). The ventral edge of this process is roughly parallel to the ventral edge of the scapular
blade. This is unlike T. conspicuus, where they are close to being perpendicular (Fig. 33A) as
a result of the acromion process being semicircular and more dorsally directed. The
anteroposterior constriction of the scapular blade is deeper and more posteriorly located in T.
conspicuus than in other species of Tanystropheus (Fig. 33). At the same time, the most
dorsally extended point of the scapular edge is also relatively more posteriorly located. When
compared to other species of Tanystropheus the posterior part of the scapula in T. conspicuus
was much more elongate and occupied a much larger area than its anterior portion (Fig. 33A—
C). A similar morphology is present in other tanystropheids (e.g., PIMUZ T 1559, a referred
specimen of Macrocnemus fuyuanensis Li, Zhao, and Wang 2007), which share the
constriction at the mid-length, semicircular acromion process and a long, triangular scapular
blade (Jaquier et al. 2017). The scapula in T. conspicuus is, however, relatively more elongate
and taller than in other tanysaurians, thus being distinct in its morphology. Moreover, the
concavity present between the glenoid peduncle and the scapular blade in lateral view is much
shallower than in its relatives (Fig. 33). These proportions are somewhat reminiscent to the
scapular morphology of other early archosauromorphs, in which a fused scapulocoracoid is
present (e.g., Prolacerta broomi Parrington, 1935, Protorosaurus speneri von Meyer, 1832;
Gow 1975; Gottmann-Quesada and Sander 2009).
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Fig. 33. Photographs of left scapulae of three species of Tanystropheus in left lateral view — a
scapula of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of Miedary
(Poland) — ZPAL V. 36/811 (A, the posterior tip is missing), a scapula of Tanystropheus
longobardicus from the Besano Formation (upper Anisian to lower Ladinian) of Monte San
Giorgio (Italy) — MSNM BES SC 1018 (B), and a scapula of Tanystropheus hydroides from
the Besano Formation (upper Anisian to lower Ladinian) of Monte San Giorgio (Switzerland)
— PIMUZ T 1270 (C).
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Coracoid

The coracoid in Tanystropheus conspicuus is a flat plate-like and dorsoventrally thin
bone (Fig. 34). There are no osteological correlates for any other contact with the scapula
other than a relatively reduced surface medial to the glenoid. When in articulation, the
coracoid and scapula of T. conspicuus were seemingly not firmly fused and joined only at the
glenoid, with their anterior and posterior portions being separated and forming a
scapulocoracoidal fenestra (sensu Spiekman et al. 2021). The glenoid is located near the
middle of the dorsolateral edge of the coracoid and is dorsolaterally oriented (Fig. 34).
Anteromedial to it, a coracoid foramen is present. The portion of the coracoid anterior to the
glenoid is more expanded than the postglenoid process, but both are similarly rounded and
semicircular in shape in dorsal view. The ventromedial edge, which might have articulated
with the unossified interclavicle, is anteroposteriorly straight in dorsal view and
dorsoventrally thickened (Fig. 34). Both the dorsal and ventral surfaces of the coracoid are
covered with radial striations. These are perpendicular to the concentric thickenings that mark

the growth of the animal (Fig. 34).

Fig. 34. Left coracoid of Tanystropheus conspicuus ZPAL V. 36/1177 from the Lower Keuper
(lower Ladinian) of Miedary (Poland). Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in dorsal (A) and ventral (B) views. Areas covered with

sediment marked with blue hue.
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Humerus

All limb bones of Tanystropheus conspicuus are morphologically nearly identical to
the corresponding elements of T. hydroides, although direct comparisons are difficult due to
the differences in preservation and the resulting lack of three-dimensional information for the
latter. As for other species of Tanystropheus (see Wild 1973; Nosotti 2007), the humerus of T.
conspicuus is less elongate than the femur. Its lateral and anterior (dorsal) margins are
relatively straight, and its medial and posterior (ventral) margins are concave (Fig. 35).
Significant torsion, reaching more than 45°, can be observed between the well-ossified

proximal and distal ends of the humerus(Fig. 35A3, As).

The proximal portion of the humerus is posteromedially expanded when compared to
the thickness of the shaft (Fig. 35A). Its articular surface is elliptical in proximal view (Fig.
35A5). In anterior view it is convex, and slightly more proximally expanded on its lateral side
(Fig. 35A3—A4). No clear tubers can be distinguished, with the outline of the articular surface
being oval in proximal view (Fig. 35As). Adjacent to the proximal articular surface, distal to
its anterolateral corner, a very poorly defined deltopectoral crest is present (Fig. 35A,—As).

The shaft has a nearly constant thickness along its length. The distal portion of the
humerus is medially and slightly laterally expanded and larger than the proximal one. On its
anterolateral margin, the supinator process is present (Fig. 35A1, As). It is formed as a
longitudinal ridge parallel to the shaft, confluent with the anterior surface of the distal end of
the humerus but distinctly separated from its posterior surface by a proximodistally oriented

groove.

The distal end of the humerus is composed of two condyles (Fig. 35A¢) — the
ectepicondyle (radial condyle) and the entepicondyle (ulnar condyle). They lie on two sides of
a poorly outlined anteroposterior constriction of the distal portion of the humerus (Fig. 35A¢).
The entepicondyle projects strongly medially from the shaft. Its medial and distal surfaces are
roughly perpendicular, meeting in an obtuse angle. In distal view, the articular surface of
entepicondyle is rounded and elliptical; it is separate from the ectepicondyle by an
anteroposterior constriction and a poorly marked distal groove (Fig. 35A¢). Both condyles are
distally expanded to a similar extent, forming a relatively straight distal margin of the
humerus (Fig. 35A2). The ectepicondyle is larger and more broadly rounded in proximal view
than the entepicondyle. It lies along the longitudinal axis of the shaft whereas the

entepicondyle is distinctly offset from it and mediodistally oriented (Fig. 35A>).
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Fig. 35. Left humeri of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/881 (A), GPIH 253 (B, the holotype of Megacnemus
grandis), ZPAL V. 36/882 (C), SMF R 4034 (D), and U-MO BT 3079 (E). Photographs (B-C,
E) and three-dimensional model snapshots with Lit Sphere Radiance Scaling shader enabled
(A, D), in posterior/ventral (A1, B-E), anterior/dorsal (A), lateral (As), medial (As), proximal
(As), and distal (Ae) views. Areas covered with sediment marked with blue hue.
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Ulna

The ulna of Tanystropheus conspicuus is a relatively straight element (Fig. 36). Its
medial surface is slightly concave in anterior/dorsal view as a result of the lateromedial
expansion of the proximal and distal ulnar ends (Fig. 36A, C). The ulna is virtually straight in
medial view (Fig. 36B). In ZPAL V. 36/829, the only ulna referred to T. conspicuus, the
articular surfaces are damaged but their margins are well outlined in anterior/dorsal view. The
proximal portion of the ulna is more massive, with its articular surface being oriented
obliquely to the longitudinal axis of the shaft in anterior/dorsal view (Fig. 36A, C). The
olecranon process is absent. The lateral corner of the proximal end of the ulna is more
proximally expanded than its medial corner (Fig. 36A, C). Distal to the proximal end of the
ulna, a narrow, sharp ridge extends along the anteroposterior mid-width of the medial surface
of bone (Fig. 36B). The distal end of the ulna in T. conspicuus is only slightly lateromedially

expanded (Fig. 36A, C). It has a straight, nearly flat articular surface in anterior/dorsal view.

Fig. 36. Left (?) ulna of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian)
of Miedary (Poland) — ZPAL V. 36/829. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in anterior/dorsal (A), medial (B), and posterior/ventral (C)

views. Areas covered with sediment marked with blue hue.
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Radius

The radius is similar in its proportions to the ulna but is considerably more curved,
with its posterior margin being strongly concave in anterior/dorsal view (Fig. 37). It is
virtually straight in lateral view (Fig. 37B). The known radii referred to Tanystropheus
conspicuus do not have well preserved articular surfaces. The proximal articular surface is
seemingly semi-triangular in proximal view, but this might be due to diagenetic alteration of

its original morphology.

A fine ridge extends distal to the proximal portion along the posterolateral margin of
the radius, parallel to the shaft (Fig. 37A-B). It becomes better defined and sharper in the
middle section of the bone. An interosseous ligament likely stretched between this ridge, and
the corresponding feature present on the ulna. Closer to the distal end of the radius, the ridge
becomes wider but lower and more confluent with the shaft surface. On the opposite side of
the shaft, a poorly outlined tuberosity is located (Fig. 37B—C). It might correspond to a similar
feature present in other early archosauromorphs (e.g., Malerisaurus robinsonae Chatterjee,
1980 — see Sengupta et al. 2024, fig. 13). The distal end of the radius is only slightly less
expanded than the proximal one, being marginally wider than the shaft (Fig. 37A, C). Its

articular surface is elliptical in distal view and nearly straight in anterior/dorsal view.

Both the ulna and the radius of T. conspicuus are identical in their proportions to the
corresponding elements of T. hydroides, being much more robust and thicker than the slender
antebrachial bones of T. longobardicus (compare the “large” and “small” morphotypes of
Wild 1973 and Nosotti 2007)
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Fig. 37. Left (?) radius of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian)
of Miedary (Poland) — ZPAL V. 36/830. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in posterior/ventral (A), lateral (B), and anterior/dorsal (C)

views.

Autopodial elements

As for other Muschelkalk and Lettenkeuper sites, autopodial elements are scarce in
Miedary. Several elongate bones from the site have been identified as reptile metatarsals and
metacarpals, and it is highly likely that they belong to Tanystropheus conspicuus but they are
not diagnostic enough for this referral, at least not before articulated manus or pedes are found

in Miedary.

ium

The ilium of Tanystropheus conspicuus is relatively delicate for an animal of its size. It
is composed of the acetabular region and the iliac blade, which are located on the opposite
sides of the anteroposterior constriction of the ilium (Fig. 38). The majority of the acetabulum
is located on the lateral surface of the ilium and the ischium, with only its anteroventral
margin present on the lateroproximal portions of the pubis (Fig. 39). The pubic and ischial
peduncles are similarly expanded anteroposteriorly, converging at an obtuse angle (Fig. 38A—
B). The articular surface for the pubis is relatively straight and has a nearly uniform transverse
width (Fig. 38B-C). The articular surface for the ischium is laterally concave, forming a

lateroventrally oriented rhomboidal pit (Fig. 38B-C). Its triangular dorsal margin reaches
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deep within the acetabulum, pointing towards the posterior end of the supraacetabular crest
(Fig. 38B). The posterolateral corner of the ischial peduncle is laterally expanded, forming a
cone-shaped projection (Fig. 38B-D). The morphology and location of this feature are
reminiscent of the antitrochanter (raised surface at the posterior portion of the acetabulum, see
Nesbitt 2011) seen in more crownward archosaurs, including some Triassic forms (Nesbitt
2011; Ezcurra 2016, Spiekman et al. 2024c). The acetabulum is anterodorsally framed by the
supraacetabular crest, which extends from the anteriormost portion of the pubic peduncle,
constituting the ventral part of the anterior edge of the ilium (Fig. 38B). More posterodorsally,
the supraacetabular crest is formed as a distinct, laterally projecting, rugose tuberosity, which

terminates dorsal to the acetabulum (Fig. 38B).

Fig. 38. Left ilium of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/813. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in dorsomedial (A), ventrolateral (B), ventromedial (C), and

dorsolateral (D) views.

The iliac blade constitutes the dorsal region of the ilium in T. conspicuus, with the
preacetabular process and the postacetabular process extending off of it. The anterior edge of
the preacetabular process is relatively straight in lateral view, diverging anterodorsally from
the supracetabular crest near its mid-length (Fig. 38A-B). More dorsally, the edge of the
preacetabular process is convex, curving to become confluent with the dorsal margin of the
iliac blade (Fig. 38A-B). As can be observed in T. hydroides (see Wild 1973, fig. 93) and
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Tanystropheus sp. from north-eastern Italy (see Dalla Vecchia 2006, fig. 16), the minute
anteriorly projecting extension of the preacetabular process described for T. longobardicus by
Nosotti (2007) is absent in T. conspicuus (Fig. 38A-B). This character is, however,
intraspecifically variable in Tanystropheus (see Spiekman et al. 2021). The iliac blade is
composed of a lateromedially thin but ventrally thickened, plate of bone (Fig. 38D). The
dorsal margin of the iliac blade is strongly convex in lateral view in its anterior portion, and
its posterior portion is slightly concave (Fig. 38A-B). The postacetabular process is
posterodorsally oriented and tapering (Fig. 38A-B). Its base is formed by a thin, concave,
lamina extending from the ischial peduncle to the ventromedial edge of the postacetabular
process in lateral view (Fig. 38A—C). Dorsolateral to it, the postacetabular process is slightly
laterally expanded, forming a horizontal shelf on its dorsomedial side (Fig. 38A-B, D). This
feature was interpreted by Ezcurra (2016) as homologous to the brevis shelf of Novas (1996),

the origin of the musculus caudifemoralis brevis.

The medial side of the ilium is characterised by the presence of attachment sites for
the sacral ribs (Fig. 38A). These are positioned posterodorsal to a curved ridge that extends
posteroventrally from the notch in the anterior margin of the ilium (Fig. 38A). Both
attachment sites for the sacral ribs are similar in size and elliptical in medial view. They are
located at the neck of the ilium, which formed by its anteroposterior constriction. The first
sacral rib facet is more centrally located, with the second one being positioned closer to the

posterior margin of the ischial peduncle.

Prior to this study, no elements from the pelvic girdle of T. conspicuus were known.
\Von Huene (1958a) interpreted a specimen as an ilium of Tanystropheus sp. but this element
is a nothosaurian scapula (Wild 1973, p. 114; pers. obs. AR). The ilium of T. conspicuus is
very similar in its morphology to the ilia of other species of Tanystropheus (pers. obs. AR, but
see Wild 1973; Dalla Vecchia 2006; Nosotti 2007), with the elements herein referred to T.
conspicuus being relatively slightly taller. Moreover in T. conspicuus the postacetabular
process is relatively more slender (dorsoventrally narrower) in lateral view and its ventral
surface is less concave (compare Fig. 38 and fig. 93 of Wild 1973). The projection observed
on the lateral surface of the ilium, posterior to the acetabulum (Fig. 38B-D), might also be
present in T. hydroides and T. longobardicus (e.g., MSNM BES SC 1018, PIMUZ T 2483),
but differences in preservation do not allow for a confident assessment. If this projection is
interpreted as the antitrochanter, it would be its earliest occurrence (evolutionarily) within
Archosauromorpha (Nesbitt 2011; Ezcurra 2016, Spiekman et al. 2021).
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Fig. 39. The pelvis of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — three-dimensional model shapshots with Lit Sphere Radiance Scaling
shader enabled, in anterior (A), left lateral (B), posterior (C), dorsal (D), and ventral (E)
views. The reconstructed model is composed of isolated specimens ZPAL V. 36/813, ZPAL V.
36/1006, ZPAL V. 36/1008, ZPAL V. 36/1037, ZPAL V. 36/1187, and their mirrored versions.
The ZPAL V. 36/1006 ischium has been scaled down to about 80% of its original size. Note
that none of the elements has been retrodeformed and some of their fragments are missing

(e.g., right rib of the second sacral vertebra). Arrow indicates anterior direction.

Pubis

The pubis of Tanystropheus conspicuus is plate-like, but with a distinct lateral process
(Fig. 40). Its dorsal region is the sturdiest portion of the bone and it is especially
lateromedially thick near the acetabular contact with the ilium (Fig. 40). The straight
posterodorsal margin of the pubis is equally divided between the articular surface for the
pubic peduncle of the ilium, and, more laterally, the ventral portion of the acetabulum (Fig.
40A, C). The articular surface for the ischium occupies a much smaller area, positioned

ventral to the posterior edge of the articular surface for the ilium, with an obtuse angle formed
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between them (Fig. 40A, C). Anteroventral to this junction, the pubis is pierced by an
obturator foramen (Fig. 40A, C). An anteriorly projecting, semi-circular ridge is present
anterolateral to the ventral acetabulum margin (Fig. 40A-C). It forms the insertion point for
the musculus ambiens (see Ezcurra 2016). Longitudinal striations covered the rugose surface

of the pubis ventral to this process (Fig. 40B-C).

Distal to the articular portion of the bone, the pubis of T. conspicuus is composed of
two plates of thin bone, the medial and the lateral plates, which meet roughly at a right angle
along the edge of the pubic shaft (Fig. 40A). The lateral plate is triangular in anterior view
and ventrolaterally oriented (Fig. 40A-B). Its dorsal edge is straight and projects from the
pubic shaft at an obtuse angle (Fig. 40B). Similar to some other reptiles (Wild 1973, Ezcurra
2016), it is distally thickened, forming a distinct lateral process, which terminates sharply
with an elliptical, laterally oriented muscle attachment surface (Fig. 40A). From the ventral
edge of this surface the ventrolateral margin of the lateral plate descends to converge with the
medial pubic margin, decreasing ventrally in its transverse width (Fig. 40B). The
anteroposteriorly extending medial plate has a broad, almost completely flat surface (Fig.
40A-C). Its posterodorsal margin forms a semicircular notch in lateral view (Fig. 40A, C). A
constriction perpendicular to the pubic shaft is formed between this notch and the dorsal
surface of the base of the lateral process (Fig. 40A, C). The posterior edge of the medial plate
is straight and converges with the ventromedial pubic margin at an acute angle (Fig. 40A, C).
It contributes to the anterior margin of the thyroid fenestra between the pubis and the ischium.
The pubes of T. conspicuus articulated along their straight symphysial margin, on the
thickened ventral edge, and forming the pubic apron (Figs. 39, 40A, C).

Of the three bone pairs that formed the pelvic girdle of Tanystropheus, the pubes have
the most three-dimensional features, due to the presence of the lateral process, and previously
their original morphology could only be extrapolated from the diagenetically flattened
individuals (Fig 39; Wild 1973). Nevertheless, all three valid species of Tanystropheus seem
to share the same pubis morphology (pers. obs. AR).
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Fig. 40. Left pubis of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/1008. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in ventrolateral (A), anterior (B), and dorsomedial (C)

views.

Ischium

The ischium of Tanystropheus conspicuus is composed of the robust articular region
and the lateromedially flat, fan-shaped distal portion (Fig. 41). The proximal portion of the
ischium is separated into the iliac and the pubic articular surfaces as well as the posteroventral
margin of the acetabulum (Figs. 39, 41A-C). The more dorsally located surface, which
articulated with the ischial peduncle of the ilium, is nearly confluent with the acetabulum,
forming a virtually flat dorsoproximal portion of the ischium (Fig. 41C). This region is
elliptical in dorsal view, with the acetabulum being more laterally located, and the articular
surface for the ilium being posteromedially expanded, far beyond the plane of the plate-like
distal portion of the ischium (Fig. 41B). The articular surface for the pubis constitutes the
anteroproximal portion of the articular region, converging at an obtuse angle with the iliac
articular surface (Fig. 41A, C). It is triangular in lateral view, projecting anteroventrally and
tapering to a point. The posterodorsal portion of the articular surface of the ischium might

have contributed to the “anitrochanter” present on the ischium (Figs. 39, 41)

Ventrodistal to the articular surface for the pubis, the anterior margin of the ischium forms the
posterior edge of the thyroid fenestra, developed as a deep, rectangular notch in ventrolateral

view (Figs. 39, 41A, C). The anterior process of the ischial fan is present ventral to it. The
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lateromedially thin edge of the anterior process does not taper to a point, by contrast with
some other archosauromorphs, including T. hydroides and T. longobardicus (Wild 1973;
Ezcurra 2016). Instead, it is rounded in lateromedial view (Fig. 41A, C), and anteriorly
expanded to a similar extent as the anteroventral corner of the pubic articular surface. The
thyroid fenestra was ventrally open between the ischium and the pubis, albeit only with a
narrow gap being present between the posterior process of the ischium, and the posteroventral
edge of the pubis (Fig. 39). Ventral to the anterior process, the distal edge of the ischium is
straight in lateral view, but concave in ventral view, due to its posteroventral corner being
medially displaced (Fig. 41A, C-D). On the medial side of the ischial fan the distal edge of
the ischium is convex, forming a distinct triangular and rugose thickening on which its
antimere articulated along the ischial symphysis (Fig. 41A). The posterior process of the
ischium is located posterodorsal to the symphysis. It is triangular in lateral view and does not
taper to a point (Fig. 41A, C). Anterodorsal to this process, the posterodorsal edge of the
ischium is concave in lateral view, and ascends towards the posterior corner of the articular

region (Fig. 41A, C), expanding transversely in thickness.

Fig. 41. Right ischium of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian)
of Miedary (Poland) — ZPAL V. 36/1006. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in dorsomedial (A), dorsolateral (B), ventrolateral (C), and

ventromedial (D) views.
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The ischia of T. conspicuus and T. hydroides are nearly identical in shape, with the
main difference being the slight difference in curvature of the posterior margin of the thyroid
fenestra, which is rectangular in T. conspicuus and heart-shaped in T. hydroides (Fig. 39; Wild
1973). In T. longobardicus the ischium is relatively less expanded posteriorly and its anterior
and posterior edges taper to a point (compare Fig. 41 and fig. 92 of Wild 1973). The ischial
morphology described here is also reminiscent of the ischia reported by Dalla Vecchia (2006,
fig. 4 A-B) from the Aupa Valley, which were interpreted as belonging to a eusauropterygian.
These can now be referred to Tanystropheus sp. as well. Isolated eusauropterygian ischia, with
the ones referred to Nothosaurus being the most common, have a more constricted “neck”
distal to the articular region and their fan-shaped distal end is more symmetrical (see fig. 17 of
Klein et al. 2022). Moreover, in both taxa there are some striations perpendicular to the distal
edge of the ischium on its lateral and medial surfaces, but they are much more prominent in

Nothosaurus.

Femur

The femur of Tanystropheus conspicuus is relatively much more elongate than the
humerus. It is a slender, sigmoidally curved element that retains a constant width along most
of its length (Fig. 42). The proximal half of its anterior margin is concave in lateral view,
whereas the distal half is convex; the posterior margin mirrors this curvature (Fig. 42A, C).
The femur is relatively straight in anterior (dorsal) and posterior (ventral) views, with the
proximal end being medially expanded to a similar degree as the distal end (Fig. 42B, D). Its
proximal and distal ends are well-ossified among the collected specimens. The shaft is

elliptical in transverse cross-section, with the longer axis being anteroposteriorly oriented.

The proximal femoral head is marked by the presence of a well-defined,
posteromedially oriented internal trochanter (=greater/major trochanter). It is formed as a
thick, straight, ridge, which extends from the mid-length of the shaft to the proximal edge of
the bone where it reaches its greatest height (Fig. 42A-C, E). The proximal edge of the
internal trochanter projects perpendicularly from the proximal articular surface of the femur
and meets the posterior edge of the internal trochanter at an obtuse angle (Fig. 42A, C). On
both sides of the trochanteric ridge, there are deep and wide fossae (Fig. 42A-C, E). The
medial one can be interpreted as the fossa intertrochanterica (sensu Novas 1996, but see
Ezcurra 2016) as there is a slight depression anteroproximal to it, adjacent to the posterior
margin of the proximal articular surface (Fig. 42C, E). The fossa located on the lateral side of

the internal trochanter is broader, more clearly defined (Fig. 42A, E), and anterolaterally
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flanked by the anterior trochanter (= lesser/minor trochanter). The anterior trochanter is
formed as a narrow but proximally widening ridge on the proximal one-third of the bone (Fig.
42A-B, E). As for the internal trochanter, its distal edge reaches the proximal articular surface
of the femur, but in contrast to it, it is confluent with the margin of the proximal surface,
forming the anterolateral portion of the anterior tuber (Fig. 42A-B, D-E). The proximal
articular surface is slightly convex in lateral view, rounded, and dorsomedially oriented. In
proximal view it is rhomboidal in outline (Fig. 42E). Opposite the anterior tuber, anteromedial
to the fossa intertrochanterica, a posterior tuber is present (Fig. 42E). On the anteromedial
surface of the shaft, slightly proximal to its mid-length, a distinct, large nutrient foramen is
present (Fig. 42C-D).

The distal femoral end is distinctly constricted anteroposteriorly, with grooves
separating the lateral (fibular) and medial (tibial) tubers in distal view (Fig. 42F). These tubers
are rounded, semi-circular in distal view, and subequally expanded in their respective
direction, forming a relatively straight distal articular surface (Fig. 42B, D). There is a slight
concavity between the condyles (Fig. 42B, F). Lateral to the posterior groove between the
tubers, and posterior to the lateral tuber, the crista tibiofibularis (Nesbitt 2011) is located,
forming a mound-like posterior extension (Fig. 42A-C, F). The femur of T. conspicuus does
not differ from the femora of T. hydroides and T. longobardicus in its morphology.
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Fig. 42. Right femur of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian)
of Miedary (Poland) — ZPAL V. 36/838. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in lateral (A), posterior/ventral (B), medial (C),

anterior/dorsal (D), proximal (E), and distal (F) views.
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Tibia

The tibia of Tanystropheus conspicuus is a relatively straight and elongate element
(Fig. 43). There is significant torsion between the proximal and distal ends although to some
degree it might be partially due to diagenetic alteration. The proximal end of the tibia is
transversely expanded and its articular surface is slightly convex and rounded in lateral view
and elliptical in proximal view (Fig. 43B, D). Distal to the anterior edge of the proximal
articular surface, a weakly outlined crest is present (Fig. 43B, D). On the lateral surface of the
proximal end of the tibia, a faintly outlined fibular condyle is visible, forming a tuberosity
(Fig. 43B, D). Distal to it, a distinct nutrient foramen is present (Fig. 43B).

Fig. 43. Left tibia of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/1200. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in posterior (A), lateral (B), medial (C), proximal (D), and

distal (E) views. Areas covered with sediment marked with blue hue.
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The distal end of the tibia is anteroposteriorly expanded. Its articular surface is smaller
and more oval in distal view than that of the proximal portion (Fig. 43E). The lateral edge of
the shaft is slightly concave in posterior view, and its posterolateral section is marked by the
presence of a subtle ridge (Fig. 43A). Aside from these features, the surface of the shaft is
smooth and seemingly devoid of any other notable characters. The tibia of T. conspicuus is
relatively more massive and thicker than the same element in other species of Tanystropheus
(compare Wild 1973; Nosotti 2007). This characteristic might be partially due to individual
size difference, as a large T. hydroides individual PIMUZ T 2818 also exhibits a relatively

robust tibia comparable in its proportions to those of T. conspicuus.

A limb bone described by von Huene (1958b) as a “parasuchian” radius from the
Upper Muschelkalk of Wesseln (Germany) bears a strong morphological resemblance to the
tibiae referred to T. conspicuus and falls within the size range of the elements from Miedary.

Unfortunately, the original specimen could not be located (pers. comm. R. Kosma).

Fibula

As in most other diapsids, the fibula of Tanystropheus conspicuus is much more
slender and narrow at mid-length than tibia. It is also relatively straighter in anterior view,
with both of its articular surfaces lying along the same axis (Fig. 44). In lateral view it is
sigmoidally curved (Fig. 44A-B). The proximal articular surface is elliptical in proximal view
and convex in lateral view, with rounded anterior and posterior margins (Fig. 44 A-B, D). At a
point approximately one third down the length of the shaft, lies the insertion of the musculus
iliofibularis (Fig. 44A, C). It forms as anteroposteriorly thick, low ridge, which separates an
oval concavity on the lateral surface of the shaft from the anterior fibular margin (Fig. 44A).
More distally, the anterolateral portion of the shaft is occupied by a deep groove, which is
flanked anteriorly and posteriorly by distinct ridges (Fig. 44A, C). The anterior ridge extends
parallel to the shaft, forming a thin lamina between the distal portion of the fibula and the
insertion of musculus iliofibularis (Fig. 44A, C). Ezcurra (2016) stated that the shafts of the
fibula and tibia in Tanystropheus are of approximately the same transverse width at about
mid-length, but this is only due to the anterior fibular ridge appearing to increase the shaft
thickness in lateral view (Fig. 44A). In all species of Tanystropheus the tibia is always the

more robust of the two elements.
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The distal portion of the illustrated fibula (Fig. 44) is thickened due to a pathological
overgrowth (Fig. 44E). Compared to unaltered specimens, it is more anteroposteriorly
expanded and distally concave. Another specimen, ZPAL V. 36/834, shows that the distal
fibular end is rounded and convex in lateral view and elliptical in distal view (Fig. 44E). Its
articular surface is only slightly larger than that of the proximal end. Whereas most of the
surface of the fibula shaft in T. conspicuus is smooth, small pits and longitudinal striations
appear near the articular ends, especially on the lateral side.

Fig. 44. Left fibula of Tanystropheus conspicuus from the Lower Keuper (lower Ladinian) of
Miedary (Poland) — ZPAL V. 36/1176. Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in lateral (A), medial (B), anterior (C), proximal (D), and
distal (E) views.
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Postcloacal bones

Isolated postcloacal bones identical to those present in T. hydroides and T.
longobardicus (see Discussion) have been identified at Miedary (Fig. 45). As can be discerned
from articulated skeletons the postcloacal apparatus in Tanystropheus is composed of four
elements — two anterior and two posterior bones. In vivo they were located posterior to the
pelvis (around the cloaca as interpreted by Wild 1973, 1980a). The anterior portion of the
posterior element articulated along the ventral surface of the corresponding anterior element,
near the anteroposterior midpoint of its length. Both articulated pairs are always preserved in

separation from each other, and from any other bones. They ran parallel to the main body axis.

Both elements are elongate, straight, with a rough, highly rugose surface (Fig. 45).
Their internal structure is distinct, with the bone tissue forming them being highly cavernous
and poorly organised (in agreement with the observations of Wild 1973). The anterior
elements can be easily distinguished from the posterior ones based on their shape. The largest
of these elements is over 30 cm long, so that in large individuals the whole apparatus might

have reached approximately half a meter in length.

Fig. 45. Postcloacal bones of Tanystropheus conspicuus from the Lower Keuper (lower
Ladinian) of Miedary (Poland) — left anterior element ZPAL V. 36/1147 (A) and right
posterior element ZPAL V. 36/1148 (B). Three-dimensional model snapshots with Lit Sphere
Radiance Scaling shader enabled, in dorsal (A1, B1), ventral (A2, B>), lateral (As, B3), and

medial (As, Bs) views.
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The anterior element has two processes. The anterior process is rod-like, tapers
anteriorly, and its surface is covered with deep, longitudinal, striations (Fig. 45A). Near the
ventrolateral portion of its base, the posterior element articulated in a deep groove. Isolated
anterior postcloacal bones are often preserved with a broken anteriormost portion of the
corresponding posterior postcloacal bone still attached (Fig. 45A). The posterior process of
the anterior element is shorter than the anterior process. Its base ascends sharply
posterodorsally, but its distal tapering end is posterolaterally oriented with the dorsal surfaces
of the anterior and posterior processes being nearly parallel (Fig. 45A3—A4). On the lateral
surface of the base of the posterior process, the anterior postcloacal bone is especially rugose,

being covered by a set of roughly longitudinal, deep grooves and distinct ridges (Fig. 45A4).

The posterior element is similar to the anterior postcloacal bone. It has a rod-like,
tapering anterior process, with its surface covered by deep, longitudinal, striations (Fig. 45B).
The process is relatively more massive in the posterior element. The ventrolateral portion of
its base is occupied by a deep groove, which is dorsally demarcated by a distinct broad ridge
(Fig. 45B3). The posterior portion of the posterior element is dorsally expanded, with a tall
and straight ridge forming the posterodorsal edge of the bone (Fig. 45B3—B4). Ventromedial to
it, a deep medial concavity is present, with its longitudinal axis extending obliquely to the
anteroposterior axis of the whole element (Fig. 45B4). When in articulation, the tip of the
posterior process of the anterior element nearly reached the posterodorsal edge of the
posterior element, thus creating an open embayment between the bones, as in other species of
Tanystropheus (Wild 1973).

Discussion

Anatomy of the cervicodorsal region

The anatomy of the cervico-dorsal transition in Tanystropheus was poorly understood,
because vertebrae from known specimens were either missing, damaged, or only partially
visible (see Wild 1973; Renesto 2005; Nosotti 2007). However, based on a new specimen,
Rieppel et al. (2010) were able to identify the transitional thirteenth presacral vertebra as the
last cervical vertebra. From the newly described Tanystropheus conspicuus material, three
specimens preserve articulated sections of the vertebral column but none of them includes a
complete cervical and dorsal series. The number of presacral vertebrae in this species can,

therefore, only be inferred indirectly.
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Nine dorsal vertebrae and the first sacral vertebra are preserved in an unpublished
vertebral series SMNS 13337. ZPAL V. 36/125 contains 11 dorsal vertebrae, two sacral
vertebrae and several associated caudal vertebrae. Finally, ZPAL V. 36/100 includes six
cervical vertebrae. In the latter specimen, the preserved section most likely represents the
anteriormost postaxial cervical vertebrae (vertebrae three to eight). This interpretation is based
on the presence of an axis consistent in size found in close proximity to the anterior end of the
specimen, indicating that it likely derived from the same individual but was slightly
disarticulated from the rest of the preserved series. Furthermore, the changes in centrum
length between the consecutive elements in the articulated series follow the pattern observed
by Wild (1973) for the first five postaxial cervical vertebrae of Tanystropheus, where the size
of the first four elements is relatively constant and then increasing in the seventh cervical
vertebra (see Appendix 1). Morphotypes identified as the five posteriormost cervical vertebrae
(cervical vertebrae nine to thirteen) can be distinguished from the other isolated remains of T.
conspicuus as they strictly correspond in their morphology to the elements found in other
species of Tanystropheus (see Wild 1973; Rytel et al. 2024a) and are partially preserved in the
disarticulated but close association of bones of ZPAL V. 36/584 (Fig. 16). Moreover, this
specimen preserves a characteristic dorsal rib with a broad plate-like expansion and two
posteriormost cervical ribs in close proximity. This dorsal rib is virtually identical to that of
ZPAL V. 36/123 (Fig. 30A) and morphologically distinct from the rib that articulated with the
anteriormost preserved dorsal vertebra in ZPAL V. 36/125 (Fig. 30B). Moreover, the
morphotype represented by ZPAL V. 36/123 is closer in shape to the last cervical rib than the
anteriormost dorsal rib preserved in ZPAL V. 36/125. This clearly implies that in the latter
specimen at least one more dorsal vertebra was present, with which the “transitional” first
dorsal rib articulated. Thus, the combined morphological data gathered from both isolated and
articulated specimens demonstrates that the presacral count in T. conspicuus is at least 13
cervical and at least 12 dorsal vertebrae, respectively. Importantly, the number of presacral
vertebrae in tanystropheids seems to have been developmentally constrained to 25 (Rytel et al.
2024a), implying that these 25 vertebrae identified for T. conspicuus likely constituted the
whole presacral section of the vertebral column. Based on several morphological characters
and a similarity to closely related taxa, it can be assumed with high degree of confidence that
T. conspicuus possessed 13 cervical and 12 dorsal vertebrae (see Rieppel et al. 2010;
Spiekman et al. 2020a). The thirteenth cervical vertebra is more similar in its proportions to
the succeeding dorsal vertebrae than the preceding cervical vertebrae. However, considering
the morphology of the associated rib, which is tall, anteroposteriorly short, and horizontally
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oriented, together with the presence of subcentral foramina (see Rytel et al. 2024b) and
epipophyses (features absent in the dorsal vertebrae) on the vertebra, | concur with Rieppel et
al. (2010) in identifying the thirteenth vertebra as the last cervical vertebra in all species of

Tanystropheus.

The posture of the neck of Tanystropheus has long been a subject of debate, with
previous studies suggesting various hypotheses — from fully horizontal and stiff to “swan-
like” flexible S-shaped (Peyer 1931; Wild 1973; Kummer 1975; Tschanz 1986; Nosotti 2007;
see Tschanz 1988 and Renesto 2005 for detailed summaries). The flexibility of the neck was
undoubtedly highly dependent on the elasticity of the extremely elongate cervical ribs,
assessment of which is outside the scope of this work, and should be addressed by
biomechanical studies. Concerning the posture, Renesto (2005, p. 389) pointed out that the
morphology of the twelfth cervical vertebra, in which the posterior articular surface of the
centrum was “forward slanting”, indicates that the base of the neck of this animal was
dorsally inclined. This is reminiscent of the posture reconstructed by Wild (1973, plate 1).
Nosotti (2007) argued against this interpretation, maintaining that the presence of an
asymmetrical intervertebral disc or a slightly dorsally curved vertebral column in the trunk
could have counteracted the inclination, and the neck was likely held horizontally, as
demonstrated by Tschanz (1986). The specimens of Tanystropheus conspicuus described here
provide new insights into the anatomy of the cervico-dorsal transition in Tanystropheus and
the posture of the neck. In the thirteenth cervical vertebra the articular surfaces of the centrum
are not parallel to each other, with the anterior one being slanted and facing slightly
anterodorsally (Fig. 19A). In the preceding twelfth vertebra, the dorsal inclination of the
ventral surface of the centrum is evident (Fig. 18Bz3), in agreement with the observation of
Renesto (2005) for T. longobardicus and also corresponding to MFSN 34727, a Tanystropheus
sp. specimen from the Aupa Valley reported by Dalla Vecchia (2008, figs. 61C, 64A). In the
eleventh cervical vertebra the articular surfaces of the centrum are, however, even more
conspicuously located on different dorsoventral levels, with the anterior one being more
dorsally positioned. In T. conspicuus this characteristic is much more pronounced than in
other species of Tanystropheus, in which this vertebra is less inclined. This is possibly a
function of the larger size of the former. In all middle cervical vertebrae of T. conspicuus, both

articular surfaces of the centrum are either sub-parallel, or slightly downturned (Figs. 13-15).

Studies on the cervical anatomy of long necked animals, including sauropods, have

shown that using purely osteological characters to reconstruct the neutral position of the neck
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can be error-prone, but also that the inclusion of the intervertebral tissue usually “raises” the
neutral position (Taylor and Wedel 2013; Taylor 2014). Morphology of the cervical vertebrae
of T. conspicuus indicates that in the neutral position the posteriormost portion of its neck was
likely dorsally inclined and the portion anterior to the eleventh cervical vertebra was held
relatively horizontally, but with slight ventral bowing. Consequently, the skull and the base of
the neck were positioned lower than the middle section of the neck (Fig. 46). This hypothesis
combines the observations presented in previous studies (Wild 1973; Tschanz 1986; Renesto
2005; Nosotti 2007) and is further supported by cervical rib morphology. Whereas the ribs
associated with the middle cervical vertebrae (Fig. 28) and the last cervical vertebra (Fig.
29C) have a relatively straight ventral margin and an anteriorly projecting anterior free-ending
process, the ribs associated with the eleventh and twelfth vertebrae differ in this respect. The
latter two have distinctly upturned anterior free-ending processes (Fig. 29A-B) and moreover,
the twelfth rib is crescent-shaped. These morphological features imply the presence of some
curvature in this section of the neck and support the hypothesised dorsal inclination (Renesto
2005).

Fig. 46. An osteological reconstruction of a large individual of Tanystropheus conspicuus in
dorsal (A), right lateral (B), and ventral (C) views. Bone outlines based on the specimens
illustrated here (coloured in white), and the articulated specimens of T. hydroides (coloured in
grey; for the skull see Spiekman et al. 2020b). Body proportions taken from the most
complete known specimen of T. hydroides, PIMUZ T 2818.
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Based on the reduced muscle attachment sites on the cervical vertebrae Tanystropheus
Wild (1973) noted that the entire anterior and middle portions of neck of this animal were
practically devoid of lateral musculature, but in turn the dorsal ligaments and ventral
musculature were expanded. Tschanz (1986, 1988) hypothesised that the musculature was
likely too weak to lift the neck beyond the horizontal level. Renesto (2005) argued that in
conjunction with the inclined base of the neck, the cervical muscle/ligament system would be
capable of raising the relatively light neck of Tanystropheus. Rieppel et al. (2010) reached

similar conclusions concerning the vertical movements of the neck.

Although both a detailed range of motion analysis and a reconstruction of the myology
of T. conspicuus are outside the scope of this work, the three-dimensional preservation of the
new Miedary material allows for a preliminary re-assessment of this topic. Musculature on the
lateral sides of the middle cervical vertebrae of T. conspicuus was apparently greatly reduced,
with the cervical ribs located extremely close to the ventrolateral margin of the centrum and
the zygapophyses projecting strongly anteroposteriorly. Attachment points for epaxial muscles
and ligaments are especially well developed on the anterodorsal and posterodorsal portions of
the middle cervical vertebrae. The free-ending processes of the ribs, expanded epipophyses,
prominent anterior and posterior grooves at the base of the neural spine, together with the
portions of the neural spine overhanging them, presumably supported an intricate

muscle/ligament system.

In the four posteriormost cervical vertebrae these characteristics change — the centrum
is shorter, the neural spine taller, and the vertebrae are more transversely expanded. In these
vertebrae the epipophyses are less prominent, but distinct anteriorly projecting mound-like
tuberosities on the prezygapophyses are more robust, forming additional attachment sites for
the soft tissues of the more anterior portion of the neck. Posteriorly, the diapophyses and
cervical ribs become much more massive and are located further from the centrum, implying
the existence of expanded lateral musculature. The most striking feature of the posterior
cervical vertebrae is the significant expansion of the distal end of the neural spine, which is
developed as a bulbous thickening along its entire length. These would have served as
attachment sites for the dorsal ligaments and muscles, providing stability for the neck, and

allowing for the inclined posture.
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Generally, the transitional cervicodorsal region in T. conspicuus is characterised by the
presence of several broad, flat, plate-like bones (ribs associated with the transitional vertebrae,
scapulae, coracoids). At least some of them could have served as large attachment sites for
neck muscles and ligaments together with the distally expanded neural spines and possibly
also the mammillary processes of the dorsal vertebrae. In Tanystropheus, the distal ends of
most (up to seven pairs) cervical ribs reach to the section of the vertebral column between the
eleventh cervical vertebra and the first dorsal vertebra, where they terminate essentially at the
same point (Fig. 46; see PIMUZ T 2818). Their elongation served the purpose of not only
stiffening the neck but also transmitting the attached muscles to the back of the neck (Tschanz
1986). Following Wild (1973), | hypothesise that the cervical muscle mass was relatively
reduced in the middle portion of the neck of Tanystropheus but significantly expanded near
the base of the neck. This would also explain the function of the anteroposteriorly projecting
extensions of the anterior dorsal ribs. Regardless of the flexibility of the neck, but especially if
it was as stiff as proposed by some (Tschanz 1986, 1988; Nosotti 2007), its movements would
be mostly induced by the muscles and ligaments originating from the transitional

cervicodorsal region.

Additional insights are provided by the change in the nature of the neural spine
morphology. In the middle cervical vertebrae, the neural spine is well-developed in its
posterior and anterior portions, but almost completely reduced in the middle. Moving the
attachment points towards the peripheries of the extremely elongate vertebra could allow for
finer control of the movement of the neck by providing a shorter lever. The middle section of
the vertebra was reduced to a durable (but relatively light) tube-like structure described in
detail by Rytel et al. (2024b). In the more posterior cervical vertebrae (10 to 13) the relative
height of the middle section of the neural spine, as well as the height of the neural spine itself,
increased markedly (these elements were held inclined in vivo), allowing for larger
attachment areas for the muscles and ligaments originating from the torso. The proposed
dorsally inclined posterior portion of the neck would allow for enhanced control of the
movements of the neck (and the head) and thereby play a pivotal role in hunting (e.g.,

retraction during “kinetic inertial feeding” proposed by Tschanz 1986).
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Miedary as a habitat of Tanystropheus

Insights concerning the environment of deposition for an animal carcass can be gained
by assessing the frequency of occurrence of specific isolated skeletal elements as they have
different hydrodynamic dispersal rates (Blob et al. 2022). To investigate this phenomenon,
three sets of three-dimensionally preserved and isolated Tanystropheus bones can be
compared — the material of Tanystropheus conspicuus, divided into Miedary (n=722) and the
western part of the CEB (n=185), as well as the Tanystropheus sp. remains reported by Dalla
Vecchia (2000, 2006, 2008), and Dalla Vecchia and Simonetto (2018) from the Aupa Valley in
north-eastern Italy (n=204). All three collections have here been studied first-hand to
minimise the possible effect of identification bias. Considerably fewer three-dimensionally
preserved specimens have been published from sites in Canada (Sues and Olsen 2015),
Hungary (Osi et al. 2020), Israel (Rieppel 2001), Romania (Jurcsak 1975) and Saudi Arabia
(Vickers-Rich et al. 1999). See Dalla Vecchia and Simonetto (2018) and Appendix | for a full

list of analysed specimens.

In the western part of the CEB a taphonomic bias towards the preservation of large
long bones (middle cervical vertebrae and stylopodial elements) seems to have existed when
compared to the relative occurrence of other elements. This group of sites is nearly
completely devoid of the elements from the pectoral and pelvic girdles. The Aupa Valley sites
exhibit a much higher diversity of elements, with flat bones and short vertebrae being
relatively much more common. This corresponds to the pattern from Miedary, which has the
highest element diversity among these three sets, and is the least dominated by long bones

(which are, however, still the most common).

Quantitative characteristics of the analysed material indicate that the remains of T.
conspicuus from the western part of the CEB underwent significant sorting. Transport of the
Tanystropheus bones in the Aupa Valley sites, and especially in Miedary, seems to have been
over much shorter distances as the element diversity is much higher. Similar to the Upper
Muschelkalk localities, autopodial elements and distal-most caudal vertebrae are scarce in
Miedary, suggesting that the assemblage has undergone some hydraulic sorting, although,
uniquely, some delicate cranial elements are also preserved from this site (although this could
also be the result of a larger total number of bones having been found in Miedary), indicating
the presence of specific conditions leading to their preservation in this depositional
environment. The inferral of variable transport distances is supported by the results of a study
by Blob et al. (2022), which implied that the presence of vertebrae with a wide diversity of
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other skeletal elements is indicative of short transport distances whereas the presence of
vertebrae as the primary preserved elements in an assemblage suggests a high likelihood of
longer transport distances. It is, therefore, likely that T. conspicuus in Miedary lived, or at

least died, in close proximity to the reservoir in which its remains were deposited.

The occurrences of the teeth of Tanystropheus conspicuus are stratigraphically and
spatially concentrated. Among the accessioned collections in Germany, | have been able to
identify over 100 teeth of T. conspicuus (see Appendix I). Roughly half of the known
specimens have originated from the Grenzbonebed of the area around Crailsheim (Germany)
— material collected mostly by R. Blezinger. The majority of the teeth of T. conspicuus are
stored in SMNS and GPIT collections. The Grenzbonebed outcrops of the area around
Crailsheim (Germany) are characterised by a high frequency of occurrence of vertebrate
fossils, especially teeth (see Hagdorn and Reif 1988). It can be safely assumed that the high
number of teeth of T. conspicuus originating from this stratum (compared to bone fragments)

is due to pre-diagenetic sorting.

The reasons for the high relative (compared to other tetrapods) and absolute frequency
of occurrence of Tanystropheus conspicuus in the Miedary site (see Czepinski et al. 2023) can
be understood by comparing the characteristics of the assemblage and the locality itself to
other outcrops within the local area and the broader region. In the western part of the CEB,
where the remains of Tanystropheus conspicuus are rare, its fossils appear to be even more
scarce in the Keuper strata above the Grenzbonebed, which marks the transition from marine
to more terrestrial settings. In marked contrast, in the outcrops around Miedary a considerable
fluctuation in the abundance of remains of T. conspicuus is recorded in the local rock
sequence. Three stratigraphic units with significant vertebrate fossil content can be
distinguished here: 1) the marine Upper Muschelkalk, 2) the Lettenkeuper glauconite beds
deposited in shallow marine settings but with significant terrestrial influence, and 3) the
marine Lettenkeuper dolomite beds (see Sulej et al. 2011; Pawlak et al. 2022; Czepinski et al.
2023). Only two vertebrae of T. conspicuus were reported from the Upper Muschelkalk,
compared to hundreds of sauropterygian remains (pers. obs. AR; von Meyer 1847-1855;
Langenhan 1903). The only the slightly younger Lettenkeuper strata of Miedary (Unit 1, see
Czepinski et al. 2023 for stratigraphy) have yielded the massive vertebrate fossil accumulation
described, in which elements of T. conspicuus were the most numerous throughout most of

the layers (M1-M2 and M4, but not M3). The outcropping sediment sequence ends with the
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strata directly overlying Unit 1, clays and dolomites, which so far seem to be completely

devoid of remains of T. conspicuus.

Tanystropheus conspicuus is known from the late Anisian to the late Ladinian. The
remains from Miedary date roughly from the middle of this interval — early Ladinian
(Czepinski et al. 2023). Therefore, the extreme fluctuation of abundance of remains of T.
conspicuus in the outcrops around Miedary is unlikely to be due to the emergence or
extinction of the species in the region. The ages of the source strata fall well within the
temporal range of occurrence for this animal in the western part of the Basin. Instead, the
absolute and relative frequency of occurrences of T. conspicuus seems to be tightly controlled
by environmental factors — a correlation can be observed between the presence of remains of
T. conspicuus and differences in depositional settings. Sedimentation of the Upper
Muschelkalk strata proceeded in a shallow, restricted, epicontinental basin with euryhaline to
polyhaline salinity and limited terrestrial influence (see Korte et al. 2003; Franz et al. 2015;
Pawlak et al. 2022). Similar conditions were present during the deposition of the dolomite
beds in Miedary (Pawlak et al. 2022). Layers M1-M2 and M4 of Miedary were deposited in a
very shallow, brackish, restricted reservoir with significant terrestrial input, and the M3 layer

in (sub)terrestrial settings (Pawlak et al. 2022; Czepinski et al. 2023).

Combining the aforementioned factors concerning the occurrence of remains of
Tanystropheus conspicuus in Miedary — high variability within the local stratigraphic column
and the relatively high element diversity and short transport in the layers in which T.
conspicuus is prevalent — it becomes clear that this taxon had relatively strict environmental
preferences. The data reported here imply that T. conspicuus was rare or absent in both marine
(depositional settings of the Upper Muschelkalk and the dolomite beds from Miedary) and
terrestrial (depositional settings of most of the Lettenkeuper above Grenzbonebed and the M3
layer from Miedary) environments and flourished in the transitional zones between them,
which are recorded in the glauconite beds of Miedary (layers M1-M2, and to some extent
M4). This hypothesis is consistent with the general environmental conditions (shallow marine
with a significant terrestrial input) present in the localities from the Aupa Valley, described by
Dalla Vecchia (2006, 2010) and Dalla Vecchia and Simonetto (2018), which is the only other
known site in which Tanystropheus is also quantitatively dominant among the tetrapod finds.
Regarding the other sites that have yielded abundant material of Tanystropheus, the Besano
Formation of Monte San Giorgio, from which most of the articulated skeletons of

Tanystropheus are known, was deposited in a euryhaline marine intraplatform basin with
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water depths between 30 and 130 m (Bernasconi and Riva 1993; Bernasconi 1994; Rohl et al.
2001; Beardmore and Furrer 2017). At first glance these characteristics could be viewed as
inconsistent with the preferred habitat of T. conspicuus as reported here but the results of the
taphonomic analysis of Beardmore and Furrer (2017) indicated that tanystropheid remains
found in the Besano Formation have originated from nearshore settings, which has previously
also been suggested by Renesto (2005) for specimens from other stratigraphic units of Monte
San Giorgio. In China, the Tanystropheus cf. T. hydroides specimen GMPKU P 1527
described by Rieppel et al. (2010) originated from the Lower Assemblage of the Zhuganpo
Member of the Falang Formation (Lu et al. 2018; Jiang et al. 2025). The general
environmental and faunistic characteristics of this unit are similar to the Besano Formation.
Washed-in articulated skeletons of the terrestrial tanystropheid Macrocnemus fuyuanensis are
present in both units as well (Lu et al. 2018; Jiang et al. 2025), indicating a similar
taphonomical history of Tanystropheus remains (Beardmore and Furrer 2017). In general, all
known remains that can currently be confidently referred to Tanystropheus have been found in
strata that were deposited in shallow aquatic environments, or slightly deeper basins with
significant terrestrial material influx. The Miedary site is unique among them in recording the
setting that was likely the closest to the original habitat of Tanystropheus, at least in some of
its aspects. This hypothesis is supported by multiple lines of taphonomic evidence as well as
the presence of individuals of different sizes — from early juveniles to old, including very
large individuals affected by various skeletal pathologies (pers. obs. AR). Environmental
preferences of T. conspicuus can, to some extent, be extrapolated to other species of
Tanystropheus and are congruent with virtually all the data reported. Even though the
sedimentary sequence accessible at Miedary is relatively short, it showcases which
environments were preferred by this animal — not terrestrial, but not fully marine either, and in
the very shallow nearshore ecosystems. Such conditions were present during the deposition of
the glauconite beds from Miedary (M1-M2, see Czepinski et al. 2023), which serve as a good
proxy for reconstructing the habitat of Tanystropheus.
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Mode of life

The discussion on the mode of life of Tanystropheus, predominantly understood as its
preferred habitat, hunting strategy and mode of locomotion, is as old as the “modern”
understanding of the bauplan of this animal (Peyer 1930, 1931; but see Wild 1973 and Nosotti
2007 for a summary on the subject). Due to the lack of extant analogues for the unique
anatomical features of this animal (see Rytel et al. 2024a), deciphering its biology has always

been problematic.

Throughout the history of research on Tanystropheus, the views on its mode of life
have changed markedly. Peyer (1931) did not find any adaptations for an aquatic lifestyle in
the skeleton of this reptile, interpreting it as a fully terrestrial animal. Kuhn-Schnyder (1959)
regarded the elongated fifth pedal digit of Tanystropheus as an indicator of aquatic
locomotion. Wild (1973, 1980a) considered this animal to change its habitat preferences
during ontogeny — from more terrestrial smaller forms to predominantly aquatic larger
individuals, which used their long hindlimbs as the main source of propulsion. Tschanz (1986,
1988) argued that the anatomy of the elongate neck would be much more advantageous in an
aquatic environment, which was therefore inferred to be the primary habitat of Tanystropheus
regardless of ontogenetic stage. Contradicting with this view, based mostly on its lack of
morphological adaptations towards an aquatic lifestyle, Renesto (2005) considered this animal
to have mainly lived on land, as a shoreline dweller, similar to what Peyer (1931) suggested.
Nosotti (2007) concurred with Tschanz (1986, 1988) in interpreting the functional anatomy of
Tanystropheus as being unsuitable for terrestrial locomotion an pointing towards an aquatic
mode of life. Rieppel et al. (2010, p. 1088) stated that Tanystropheus “might have only come
on land to lay eggs, or perhaps not at all”. The study of Jaquier and Scheyer (2017) showed
that the histological characteristics of the bones of Tanystropheus indicate an amphibious
lifestyle. Renesto and Saller (2018) revised the previous interpretations of Renesto (2005),
and, based on a re-interpretation of its caudal musculature, considered Tanystropheus a semi-
aquatic animal that lived in a shoreline and/or shallow-water environment. A description of
the cranial anatomy of T. hydroides by Spiekman et al. (2020a, b) revealed several adaptations
to hunting in water, but the morphology of the inner ear suggests this animal likely did not

spend much time in open-marine environments.

In general, all recent findings are congruent with the interpretation of Tanystropheus as
an animal strictly connected with a shallow marine habitat rather than open pelagic or

terrestrial environments. From among the known specimens of Tanystropheus, only the
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isolated cervical YPM VPPU.022000 (Sues and Olsen 2015, fig. 10; Sues et al. 2022, fig. 6A—
B), referred to Tanystropheus sp. by Spiekman and Scheyer (2019) and Sues et al. (2022) has
not originated from a marine-influenced environment but rather from a freshwater, fully
terrestrial depositional setting of the Economy Member of the Wolfville Formation in Canada
(Sues and Olsen 2015). This specimen, which is Middle Triassic (Anisian — Ladinian) in age,
is currently the only record of Tanystropheus in North America (Spiekman and Scheyer 2019;
Sues et al. 2022). Whereas the cervical is similar to the neck vertebrae of Tanystropheus in its
overall proportions, it seems to lack the subcentral foramina, and its rib articulation facets are
much more prominent than in other representatives of this genus. It might, therefore, represent
a separate taxon. If so, it would additionally strengthen the connection of Tanystropheus with
marine environments or brackish reservoirs with some marine influence (e.g., Miedary,
Vellberg — see Pawlak et al. 2022). The recent contributions to the discussion on the mode of
life of Tanystropheus, together with the data concerning the occurrence of its remains
presented herein, support the (semi-)aquatic hypothesis. The novel anatomical data on
Tanystropheus conspicuus give additional insight into this subject:

1) The large size of the nasolacrimal duct in T. conspicuus and T. hydroides and
its presence within the maxilla contrasts with the configuration documented their Triassic
relatives (Sookias et al. 2020; Sobral 2023; Forster et al. 2024). In archosauromorphs the
nasolacrimal duct is narrow and usually enclosed by the lacrimal and sometimes by the
prefrontal bones, but in some taxa it can pass along the medial surface of the maxilla (e.g., in
crocodilians, see Rehorek et al. 2005; Witmer 1997). Placement of the canal in the maxilla of
T. hydroides in a continuum with the foramen piercing the lacrimal strongly supports its
interpretation as the nasolacrimal duct, although its passage through the maxilla itself is a
highly unusual feature. The disparity between the characteristics of the nasolacrimal duct in
Tanystropheus and other archosauromorphs might result from differences in their lifestyles.
Adaptation to osmoregulation in haline environments is one of the most important aspects of
transition from terrestrial to marine habitats, and several aquatic lineages of reptiles have
convergently modified their lacrimal apparatus to accustom their physiology to this factor
(Fernandez and Gasparini 2008; Babonis and Brischoux 2012; Motani and Vermeij 2021;
Cowgill et al. 2023). The diet of Tanystropheus consisted of food collected directly in sea
(e.g., cephalopods, fish, Wild 1973), and recently Spiekman et al. (2020b) suggested that the
large space of confluent external nares in in T. hydroides could have facilitated a salt gland,

although no skeletal correlates were identified for it. The modifications of the nasolacrimal
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duct morphology might serve as another example of adaptation of the osmoregulatory system
of Tanystropheus to life in a marine environment. Further comparative data on the
nasolacrimal duct morphology in archosauromorphs are, however, needed to evaluate this

hypothesis in more detail,

2) Importantly, all non-tricuspid teeth of Tanystropheus are characterised by the
presence of apicobasal dental ridges. The role of this trait is not clear, but it has evolved
independently numerous times, almost exclusively in taxa that feed within the aquatic
environment (McCurry et al. 2019; Mackenzie et al. 2024). Among non-archosauriform
archosauromorphs, clearly outlined apicobasal ridges are present only in the fully aquatic
trachelosaurid Dinocephalosaurus orientalis (Li 2003; Spiekman et al. 2024a);

3) If Tanystropheus could move on land, it would likely do so with a sprawling
gait (Wild 1973; Nosotti 2007), which is further indicated by the three-dimensional
morphology of the pelvic girdle, femur, tibia, and fibula of T. conspicuus presented here. This
mode of locomotion is, however, not supported by the forelimb morphology in Tanystropheus.
The neck of Tanystropheus, together with the expanded musculature at its base, would
contribute significantly to the mass of the anterior part of the body of the animal, and yet the
humerus is very simplified, with a barely discernible deltopectoral crest (Fig. 35), suggesting
a decreased role of the musculus pectoralis and musculus deltoideus clavicularis. These
muscles are generally expanded in Triassic reptiles for which a sprawling gate has been
proposed (see Piechowski and Tatanda 2020). In Macrocnemus, a close relative of
Tanystropheus that is widely considered a terrestrial reptile, the deltopectoral crest is
noticeably more expanded and formed as a thin, long ridge (see Jaquier et al. 2017). This
suggests a more prominent forelimb musculature in Macrocnemus, even though its neck was
relatively much shorter than in Tanystropheus and therefore contributed significantly less to
the relative weight of the anterior portion of the body. Moreover, the girdle elements of
Tanystropheus are relatively delicate and transversely thin, with the thickness of the iliac and
scapular blades decreasing distally and never exceeding 5 mm, and usually being much
narrower. Furthermore, the girdle bones are generally relatively small, compared to the size of
the animal (cf. Nosotti 2007), as in aquatic trachelosaurids (Spiekman et al. 2024a, b). These
characteristics, together with the lack of well-developed muscle attachment sites on the
humerus, are contra indicators of terrestrial locomotion. It is unlikely that the appendicular

skeleton could support the body of Tanystropheus on land, at least for prolonged periods of
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time, especially considering the large size of some individuals of T. conspicuus and T.

hydroides.

The centre of body mass of Tanystropheus represents a further concern regarding the
relatively increased mass of the anterior part of the body, when compared to other
tanystropheids. In aquatic tetrapods the centre of body mass is located closer to the centre of
buoyancy (usually located near the lungs), which allows for finer control of their body trim in
water (Motani and Vermeij 2021). The mass of their forelimbs and the pectoral girdle are
consequently increased, with the forelimb and the pelvic girdle being reduced simultaneously,
to achieve the anterior displacement of the centre of body mass (see Motani and Vermeij
2021). In Tanystropheus, however, the hindlimb, and not the forelimb, was larger and better
adapted for propulsion in water (Kuhn-Schnyder 1959; Wild 1973; Tschanz 1986; Nosotti
2007; Renesto and Saller 2018). Although this disagrees with the pattern outlined above, this
configuration corresponds with some other long-lived marine reptile lineages that have
transitioned into aquatic habitats from terrestrial ones. An excellent example is found within
the Thalattosuchia, in which the early diverging forms still possessed relatively gracile limbs
and a hindlimb much longer than the forelimb (as in Tanystropheus), and their adaptation to
life in an (shallow) aquatic environment is undisputed (see Pierce and Benton 2006; Cowgill
et al. 2023; Young et al. 2024; Johnson et al. 2025). Moreover, in some fully aquatic
trachelosaurids, which are the closest relatives of tanystropheids, the pectoral girdle and
forelimbs were not hypertrophied (Liu et al. 2017; Spiekman et al. 2024a, b). Instead, the
anterior displacement of the centre of body mass might have been achieved predominantly
through the elongation of the neck, and the resulting mass increase of the anterior portion of
the body, as in Tanystropheus (see Rytel et al. 2024b). There are further similarities between
Dinocephalosaurus orientalis, T. conspicuus and T. hydroides, which all had a transversely
wide skull with long, conical or recurved teeth, undulating toothrows, an extremely long neck,
and lacked an interclavicle (pers. obs. AR; Spiekman et al. 2020b, 2024a). A study by Gutarra
et al. (2022) looked at the body dimensions of long-necked sauropterygians and shown that if
trunk dimensions are kept constant while the neck is elongated up to double its length, drag
does not significantly increase, although an even more elongate neck, with fixed trunk size,
would incur some additional drag. In Dinocephalosaurus orientalis, T. hydroides, and T.
longobardicus the neck is around two to three times longer than the torso (pers. obs. AR; Wild
1973; Spiekman et al. 2024a) but their trunk volume also increased during their evolution —in

Dinocephalosaurus orientalis due to the increase in the count of dorsal vertebra, in
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Tanystropheus due to the expanded musculature of the cervicodorsal transitional region, and
possibly the pelvic region (see Renesto and Saller 2018). Both genera are, therefore, mirroring
the body proportions obtained for similarly built aquatic sauropterygians, which would

suggest convergence directly related to an aquatic lifestyle.

It is clear that Tanystropheus hunted aquatic prey as fish and cephalopod remains have
been found in the stomach region of some individuals (Wild 1973). Wild (1973) stated that
Tanystropheus was likely an extraordinarily efficient swimmer that could pursue even some
fast-moving animals. Tschanz (1986) proposed “kinetic inertial feeding” (see Gans 1961,
1969), as seen in extant reptiles, to be the main mode of prey capture and manipulation in
Tanystropheus. He considered the animal as an aquatic, slow moving ambush predator that
caught its prey by suddenly lunging its head forward. Taylor (1989) emphasised that the
ambush-strategy of prey capture would suit Tanystropheus best if it were not for the long,
stiffened neck. Renesto (2005, following Peyer 1931) suggested that Tanystropheus hunted
from land (“fishing rod hypothesis”), but the later study of Renesto and Saller (2018)
concluded that the animal caught its prey in water. Due to the length of the neck, the main
bulk of the body, which caused most of the water disturbance, would have been positioned
some distance from the small head, allowing the animal to approach its prey by stealth
(Renesto and Saller 2018). Spiekman et al. (2020a, b) and de Souza and Klein (2022)
supported this interpretation, stating the active pursuit-predation was very unlikely employed
by Tanystropheus. Suction feeding was also not considered a plausible mechanism for
catching prey because of the presence of highly procumbent and elongate, fang-like teeth,
which would interfere rather than aid during suction feeding (Spiekman et al. 2020a, b).
Instead, based on the insights gained from the recently reconstructed skull of T. hydroides,
Spiekman et al. (2020a, b) hypothesised that this taxon was an ambush predator which hunted
using laterally directed snapping bites. The same strategy is also supported herein for T.
conspicuus, which is characterised by a similar morphology of the jaws and teeth.
Importantly, this hypothesis is not mutually exclusive with the “kinetic inertial feeding”
proposed by Tschanz (1986). Nosotti (2007) found the latter strategy to be most plausible for
Tanystropheus, but wondered whether the neck of the animal might have been too stiff to
employ it. More recent studies refute the latter suggestion, as currently we know that there
were 13, not 12, cervical vertebrae (Rieppel et al. 2010), and that the base of the neck was
inclined and held by strong musculature at its base (see the discussion herein). The anatomy

of the transitional cervicodorsal region would allow some flexion and a capacity for storage of
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considerable amounts of elastic energy, which could be then released with a protraction of the
neck during an attack on prey. It is, therefore, clear that the results of all recent studies on the
subject, together with all the aforementioned correlates of an amphibious lifestyle, are
congruent with the data provided. They point towards Tanystropheus being an ambush
predator that caught its prey while fully submerged, employing either lateral snapping or

forward lunges of the head.

Concerning the aquatic locomotion mode of Tanystropheus, there is currently no
consensus on the main propulsion source of this animal. Various studies presented different
hypotheses on the subject at various times. Kuhn-Schnyder (1959) was first to point out that
the hindlimb was adapted to propelling the animal when it was submerged. Wild (1973)
supported this view and suggested that the tail of the animal was only for steering. Tschanz
(1986, 1988) considered Tanystropheus an axial-subundulational swimmer, in which
undulations of the trunk and tail were responsible for most of the propelling force, and were
only supported by paddling of the hindlimbs. Renesto (2005) concluded that neither the tail
nor the hindlimbs were adapted for efficient swimming. Nosotti (2007) provided an elaborate
discussion on the subject, and after analysing the functional morphology of the hindlimb,
concurred with Tschanz (1986, 1988) in interpreting lateral undulations of the body as the
main propulsion source in Tanystropheus. Renesto and Saller (2018) opposed this view, as
their reconstruction of the caudal musculature provided arguments (primarily the dorsoventral
flattening) against the tail being an efficient propulsion source during lateral undulation.
Instead, Renesto and Saller (2018) suggested symmetrical rowing of the hindlimbs as the
more likely mode of locomotion. Spiekman et al. (2020b) found this hypothesis unlikely,
stating that strokes of the hind limbs alone would have not provided sufficient underwater
propulsion, and undulatory movements of the posterior portion of the body of Tanystropheus
must have also contributed to its locomotion. Sennikov (2023, p. 441) noted that
tanystropheids had “an anteriorly wide and flat tail”, which could have made its vertical

movements a probable source of propulsion in water.

The findings provided herein contribute further insights on the subaqueous propulsion
of Tanystropheus. The most striking and distinct feature for T. conspicuus is the presence of a
relatively tall, distally expanded neural spine in many of its vertebrae. This indicates that the
tail skeleton of Tanystropheus was not dorsoventrally flattened, with the transverse processes
and the neural spine in the proximal caudal vertebrae of at T. conspicuus being of subequal

length (Fig. 26), and the neural spine in the distal tail vertebrae being relatively tall (Fig. 27).
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Whereas the tail almost certainly contributed to some extent to the movement of the animal in
water, in the absence of a biomechanical analysis its role should not be overstated. The
suggestion of Sennikov (2023) concerning the possibility of the tail propelling the animal
through vertical movements seems implausible for Tanystropheus, considering that in T.
conspicuus the skeleton of the tail is more expanded dorsally than laterally. As already pointed
out by Spiekman et al. (2020b), anterior caudal vertebrae with long transverse processes are
common in (semi)aquatic reptiles, including those using lateral undulation of the tail, and
reflect the presence of well-developed axial muscles. There is, thus, no evidence supporting
the hypothesis of Sennikov (2023), especially when also considering that the ancestors of
tanystropheids were terrestrial and relied on a sprawling gait for locomotion, which requires
axial musculature capable of lateral, not vertical, undulation. Moreover, as mentioned by
Renesto and Saller (2018), the complex of long postcloacal bones present in all species of
Tanystropheus could have considerably impaired the vertical movements of the anterior
portion of the tail, which also bears the longest transverse processes. Considering the shared
bauplan, it is unlikely that T. conspicuus differed significantly from T. hydroides and T.
longobardicus in its mode of underwater propulsion. This makes interpreting the adaptive role

of the distal expansion of the neural spine more difficult.

It seems likely that the increased height of the vertebral column aided the lateral
undulation of the body, supporting the hypotheses of Tschanz (1986, 1988), Nosotti (2007),
and Spiekman et al. (2020b). The distal expansion of the neural spine is interpreted as a
support structure for cingulate ligaments (Pritchard et al. 2015). The dorsal margin of the
neural spine is transversely expanded, flat, and straight in lateral view in virtually all currently
accessible dorsal, sacral, and anterior caudal vertebrae of Tanystropheus, excluding T.
conspicuus (Wild 1973, 1980a; Dalla Vecchia 2000, 2006; Nosotti 2007; Renesto and Saller
2018). The anterior caudal vertebrae of T. conspicuus share this characteristic, but the dorsal
margin in all its dorsal and sacral vertebrae is conspicuously dorsally expanded, rounded and
strongly convex in lateral view (Figs. 20-21, 24-26). This trait likely arose from the modified
neural spine table, which is a feature widely present among archosauromorphs, including
many other tanysaurians (e.g., Dinocephalosaurus orientalis, Macrocnemus spp.,
Trachelosaurus fischeri; see Ezcurra 2016; Pritchard et al. 2015; Renesto and Saller 2018;
Scheyer et al. 2020; Spiekman et al. 2021; Spiekman et al. 2024a, b; pers obs. AR). Renesto
and Saller (2018) hypothesised that the expanded dorsal region of the neural spines of

Tanystropheus supported a supraspinous ligament system that would have stiffened the trunk,
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and possibly limited the lateral undulation of the body. Spiekman et al. (2020b, 2024b)
opposed this interpretation, stating that the spine table might have indeed contributed to the
ligament system, but the novel data concerning the aquatic trachelosaurids suggest that the
stiffening might have stabilised the vertebral column, but likely did not severely affect the
efficiency of lateral undulation for propulsion. In the morphology of the distal portion of the
neural spine, T. conspicuus resembles the trachelosaurid Trachelosaurus fischeri more than
other Tanystropheus species, with the first two tanysaurians sharing the general shape, extent
of dorsal expansion, and the presence of distinct transverse rugosities, although the neural
spines in T. conspicuus are relatively much taller. Whereas lateral undulation was speculated
to be the main propulsive source for aquatic trachelosaurids (Spiekman et al. 2024a, b), these
forms have a serpentine vertebral column, which is composed of a far greater number of
vertebrae and in its post-cervical section is relatively much longer than in tanystropheids. The
distinct neural spine morphology of T. conspicuus might, therefore, represent an adaptation to
an aquatic lifestyle that is only partially shared by other species of Tanystropheus.
Alternatively, the evolution of this feature might have been related to the size increase of the
animal — T. conspicuus is the largest known tanystropheid. With increasing size, the mass of
an animal increases exponentially, and further ligament support might have been needed to
propel the animal in water and preserve finer control over the vertebral column, and especially
the long neck, with the anterior dorsal vertebrae contributing to its movements. This would
explain the greater extent of the distal expansion of the neural spine in T. conspicuus, but not

the other, smaller, species of Tanystropheus.

Interestingly, in T. hydroides and T. longobardicus there is a strong positive
correlation between vertebral height and length in the dorsal vertebrae (Fig. 23), similar to the
observations of Wild (1973) and Tschanz (1986, 1988). In contrast, within T. conspicuus this
correlation seems to be much weaker, with the neural spines reaching variable heights for the
vertebrae of roughly identical length (Fig. 23). This might be due to larger height differences
within a series, or due to more prominent intraspecific variation. Nevertheless, the relatively
tall dorsal, sacral, and caudal vertebrae of T. conspicuus likely contributed to the more
efficient lateral undulation of the body. Corresponding to Tschanz (1986, 1988), Nosotti
(2007), and Spiekman et al. (2020Db), I interpret Tanystropheus as an animal that propelled
itself underwater mainly by the movements of its trunk and tail. The role of the hindlimbs in
locomotion is difficult to assess, and in the future should be analysed through dedicated

myological and biomechanical studies, which are feasible with the Miedary material. It can be
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stated with confidence that Tanystropheus led an aquatic lifestyle within a shallow near-shore
habitat, rather than a fully pelagic mode of life. Its skeletal adaptations to underwater
propulsion are relatively subtle and do not support pelagic diving (Beardmore and Furrer
2017; Jaquier and Scheyer 2017; Nosotti 2007; Renesto and Saller 2018; Spiekman et al.
2020a; Spiekman and Mujal 2023).

Hypodigm of Tanystropheus conspicuus

The majority of tanystropheid remains from Miedary are isolated, yet they can all be
confidently referred to Tanystropheus conspicuus due to their highly diagnostic morphology.
The axis ZPAL V. 36/550 from Miedary, originally reported by Czepinski et al. (2023), was
not referred to Tanystropheus due to several morphological differences compared with the
known axes of Tanystropheus. With new, more complete, specimens from the same site
having been prepared (Fig. 10), this morphological disparity can be attributed to the
incomplete preservation of ZPAL V. 36/550, as the specimen falls within the range of
intraspecific variation of T. conspicuus. Currently there is no evidence for the presence of
more than one taxon within the association of tanystropheid remains from the M1, M2 and
M4 layers of Miedary. The only non-tanystropheid archosauromorph fossils from these strata
include rare isolated ziphodont teeth and an osteoderm of the doswellid Jaxtasuchus sp. (see
Czepinski et al. 2023). The presence of skeletal elements of a new archosauromorph taxon
mentioned by Czepinski et al. (2023) seems to be constrained to the M3 layer, which has not
yielded any tanystropheid remains. Whereas the Miedary strata preserve a multitaxic
assemblage of archosauromorphs, the remains of T. conspicuus are quantitatively dominant.
Bones and teeth of this animal can be identified with high confidence due to the
morphological similarity to the elements known from articulated individuals of other species
of Tanystropheus (especially T. hydroides). Additionally, several specimens of T. conspicuus
(Figs. 16, 20; SMNS 13337) preserve partially overlapping portions of the axial and
appendicular skeletons between them, which together facilitate the identification of isolated
remains based on shared diagnostic features (e.g., rugose distal portion of the neural spine). |
refrain from detailed taxonomic identification of some less diagnostic bones (e.g.,
holocephalous ribs, gastralia, hemal arches, distal caudal vertebrae, autopodial elements) from
the CEB, including Miedary, even though at least some likely belong to tanystropheids, as
among early archosauromorphs many skeletal elements are morphologically similar and
therefore hard to taxonomically identify in isolation. Thus, the hypodigm of T. conspicuus
currently comprises most of the vertebral column, complete pelvic and pectoral girdles,
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stylopodium, zeugopodium, postcloacal bones, ribs, gastralia, several cranial elements and
teeth.

Some intraspecific variation is present in the Miedary assemblage, but it does not
exceed what might be expected within individuals from one population. For example, some
vertebrae of T. conspicuus from the same position in the vertebral column differ considerably
in the height and curvature of their neural spine (compare Fig. 18A and B; Fig. 23), but they
nevertheless share most other morphological characteristics, including the diagnostic distal
expansion of the neural spine. No further major morphological deviations can be identified
within the material of T. conspicuus, including the remains from outside Miedary, which
predominantly comprise highly diagnostic elements — vertebrae, teeth, femora and humeri.
Importantly, the material referred to this species that originated from Germany and France
(including the type series) falls within the size range and the spectrum of morphological
disparity seen in the specimens from Miedary. Therefore, specimens from the western part of
the CEB, which have been gathered from a multitude of outcrops that record several millions
years, do not seem to differ in any taxonomically distinct way from the remains of T.
conspicuus from Miedary. Moreover, the only paralectotype of T. conspicuus known from the
eastern part of the CEB, a partial vertebra MB.S.11, originated from Laryszow - a village
directly adjacent to the Miedary site. The specimen was found in the Boruszowice Beds,
which underlay the strata outcropping in Miedary (von Meyer 1847-1855; Czepinski et al.
2023). Thus, through parsimony and lack of any contrary evidence, all large-sized
Tanystropheus remains known from the Muschelkalk and Lower Keuper of the CEB, together
with all the tanystropheid material from Miedary, can be considered as belonging to one

species, and are all referred to T. conspicuus herein (see Appendix I).
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Re-identification of historic specimens

Through the long and convoluted research history on Tanystropheus conspicuus many
isolated specimens has been referred to this species, or its junior synonyms. Through
comparisons with the novel material described herein, their status is reevaluated, providing an

updated and better defined hypodigm of T. conspicuus.

Wild (1973) and Spiekman and Scheyer (2019) considered Chelyzoon blezingeri,
Chelyzoon latum, Procerosaurus cruralis, and Thecodontosaurus latespinatus subjective
junior synonyms of Tanystropheus conspicuus, and these assessments are upheld here as there
are no clear morphological differences between the type material of these taxa and the
specimens referred to T. conspicuus. | consider two additional taxa as junior synonyms of T.
conspicuus — Nothosaurus blezingeri and Megacnemus grandis. The former was erected on
the basis of teeth and some postcranial remains, of which only one tooth was illustrated (Fraas
1896, fig. 4), making it the only specimen of the type series that can be reliably identified. |
was able to recover this specimen, together with several other teeth labelled as originals of
Fraas (1896), selected by R. Wild and registered under the number SMNS 52478. They all
exhibited a long root and sparse, uneven, ridges on the crown, clearly belonging to T.
conspicuus and not to any species of Nothosaurus, corresponding with the previous
suggestion of Rieppel and Wild (1996) and Rieppel (2000).

Concerning Megacnemus grandis, new data on the three-dimensional morphology of
tanystropheid limb-bones allow a re-assessment of the affinities of the holotype and the only
known specimen (von Huene 1954) — the GPIH 253 humerus (Fig. 35B). This element falls
within the known size range of humeri of T. conspicuus, being close in length to the largest
specimens from Miedary (see Fig. 35). Moreover, despite some deformation, GPIH 253
preserves overall proportions and curvature congruent with the humeri of T. conspicuus and is
also similar in the shape of the proximal and distal articular surfaces and the absence of a
developed deltopectoral crest. The main feature which might differentiate M. grandis from T.
conspicuus is the possible absence of the supinator process in the former (Fig. 35B). This
characteristic might, however, be artificial and caused by the preservation of the specimen,
with its proximal and distal ends being damaged and missing the portion that included the
supinator process. Based on its preservation, von Huene (1954) hypothesized that GPIH 253
likely originated from the Triassic outcrops of Silesia. | agree with this interpretation as the
preservation of the specimen is similar to those found in the Muschelkalk. Moreover, the few

remaining labelled Triassic vertebrate specimens housed at GPIH, excluding the holotype of
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Velocipes guerichi (see Czepinski et al. 2021), all come from Muschelkalk localities of
modern-day Poland and Germany. These include specimens from the collections of M.
Grunday and G. Giirich, who both gathered thousands of fossils from the Triassic localities of
Silesia. Some of those GPIH specimens originated from the Upper Muschelkalk of
Tarnowskie Gory (“Tarnowitz”), strata which were the subject of research for G. Giirich
(1884, 1887) who worked at the University of Hamburg for many years, after moving there
from Silesia. Outcrops of this unit in the area (Laryszéw/Larischhof) have yielded cervical
vertebrae of T. conspicuus including one of the paralectotypes (von Meyer 1847-1855;
Langenhan 1903). Taking into account the morphology, size and preservation of GPIH 253 as
well as the historic background of the other Triassic vertebrae specimens housed at GPIH, it is
very likely that the humerus belongs to T. conspicuus and originated from the Upper
Muschelkalk of Upper Silesia (“Rybnaer Kalk), and not from the Lower Muschelkalk of
Gogolin as suggested by von Huene (1954). Megacnemus grandis is here regarded as a

subjective junior synonym of T. conspicuus.

Whereas most of the type material of the junior synonyms of Tanystropheus
conspicuus is still accessible, the holotype of Chelyzoon latum was most likely destroyed
during the Second World War while deposited in Munich (Wild, 1973; pers. obs. AR).
However, | identified two casts of that specimen in the GPIT collection (GPIT-PV-60024 and
GPIT-PV-60025). Spiekman and Scheyer (2019) mentioned that the type specimens of both
species of Chelyzoon appear to be morphologically disparate from the known vertebrae of
Tanystropheus, yet | concur with Wild (1973) in designating both Ch. blezingeri and Ch.
latum as junior synonyms of T. conspicuus. Their type specimens are indistinguishable from
the two posteriormost neck vertebrae of T. conspicuus, with SMNS 8728 (the holotype of Ch.
blezingeri) being a twelfth cervical vertebra and the lost holotype of Ch. latum a thirteenth
cervical vertebra. Specimen ZPAL V. 36/584 (Fig. 16) preserves both corresponding vertebrae
from these positions in a tight association with some other remains of a single individual of T.
conspicuus, which further strengthens the referral of the type material of both species of

Chelyzoon to this species

Concerning the partial vertebra GPIT-PV-60014, the holotype of Pectenosaurus
strunzi von Huene, 1902, | concur with R. Wild (specimen label) in reidentifying it as
belonging to a sauropterygian, not to Tanystropheus (contra Kuhn 1963, 1971; Spiekman and
Scheyer, 2019). The vertebra presents no clear archosauromorph features. Pectenosaurus

strunzi is deemed a nomen dubium and not a synonym of T. conspicuus.
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\Von Huene (1902, plate 5; fig. 6) described a long bone of uncertain affinities, found
near Bayreuth, which he later (von Huene 1931) considered likely to be a humerus of
Tanystropheus. Wild (1973) rejected this hypothesis but stated that the bone could not be
located. | was able to rediscover the specimen in question in the U-MO collection as an
uncatalogued and unlabelled bone. I can confirm confidently that the specimen described by
von Huene (1902, plate 5; fig. 6) is not an archosauromorph humerus but rather a partially

preserved sauropterygian clavicle articulated with an interclavicle.

An unpublished fragmentary right hemimandible SMNS 56289, originally identified
as belonging to Tanystropheus conspicuus, served as one of the sources of scoring for
Tanystropheus in the phylogenetic analysis of Ezcurra (2016). The long, straight bone is
indistinguishable from sauropterygian dentaries in its general morphology and proportions.
Although the anteriormost part of the dentary is missing, the specimen preserves three large,
laterally projecting alveoli and a row of smaller teeth of relatively homogenous size posterior
to them. The same pattern is present in Nothosaurus (Rieppel and Wild 1996, fig. 63).
Considering how closely the T. conspicuus dentaries from Miedary resemble those of the T.
hydroides holotype, SMNS 56289, which differs from both of them significantly, can
confidently be stated not to be referrable to Tanystropheus. Together with several unpublished
ischia (see Appendix 1) stored at SMNS and originally labelled as T. conspicuus, SMNS

56289 is regarded as belonging to an indeterminate sauropterygian.

Wild (1973) considered the lectotype specimen U-MO BT 740 to be a tenth cervical
vertebra. As illustrated herein (Fig. 15), the main feature that differentiates the tenth cervical
vertebra from the other neck vertebrae of Tanystropheus conspicuus is the continuous and
relatively tall neural spine characterised by its undulating, thickened, distal edge. U-MO BT
740 lacks this feature, with its neural spine being well-preserved as a low, narrow ridge that
increases in height only in its anterior portion (compare figs. 46 and 47 of Wild 1973). The
neural spine height in the tenth vertebra of T. conspicuus seems to be affected by ontogeny,
with the smallest known specimen SMF R 285 (erroneously identified as an eleventh cervical
vertebra by Wild 1973) exhibiting a relatively straight distal edge. The morphology observed
in U-MO BT 740 is, however, outside of this spectrum, and the specimen is regarded as a
middle cervical vertebra instead. Whereas | find this particular minor reinterpretation worthy
of mention due to the lectotype status of this cervical, the full list of specimens, their status,

and current identification, can be found within the Appendix I.
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Remarks on the characters included in the diagnosis of the genus

Presence of bifurcated ribs in the sacral vertebrae of Tanystropheus

The absence of bifurcated ribs of the second sacral vertebra was regarded as one of the
diagnostic features of the genus Tanystropheus by Spiekman and Scheyer (2019), following
Ezcurra (2016) and concurring with Rieppel (1989). There is no clear indication for the
presence of this character in Tanystropheus species other than T. conspicuus, although in
PIMUZ T 2817, one of the specimens referred to T. hydroides by Spiekman et al. (2020b), a
miniscule hook-like posterior expansion of the left partially preserved second sacral rib can be
observed (pers. obs. AR). The second sacral vertebra of Tanystropheus conspicuus
unequivocally possesses a distinct triangular projection, extending posteriorly from the sacral
ribs at the same vertical level as the dorsal margin of the posterior articular surface of the
centrum. Thus, the absence of bifurcated ribs of the second sacral vertebra is not shared by all
species of Tanystropheus and is not a diagnostic feature of the genus. The previous diagnosis
was based on a misidentification of the sacral vertebra of T. conspicuus SMNS 54631 as a
second sacral vertebra (Ezcurra 2016, fig. 35A), which is actually a first sacral vertebra (in
accord with Wild 1973, fig. 55), and which does indeed lack the bifurcating sacral ribs.

Presence of an interclavicle in Tanystropheus

An ossified interclavicle is present in the majority of early-diverging
archosauromorphs (see Spiekman et al. 2021). In Tanystropheus, however, no articulated
specimen preserves an element that can be unequivocally identified as an interclavicle. Haas
(1970) described an isolated interclavicle from Israel that he considered to likely be from
Tanystropheus. The specimen was later found to belong to Simosaurus sp. (Rieppel et al.
1999). Wild (1973) noted the presence of an incomplete elongate bone in a partial skeleton
PIMUZ T 2793 and interpreted it as an interclavicle, morphologically disparate from the one
published in Haas (1970). This element (Wild 1973, fig. 64) is rod-like for most of its length,
but widens to form a thin plate close to the edge of the rock slab. It overlays a proximal part
of the third dorsal rib. Nosotti (2007) recognised a fragment of a tentative interclavicle in the
T. longobardicus specimen MSNM BES SC 1018.

New morphological information provided herein allows for a reinterpretation of the
“interclavicle” from PIMUZ T 2793 as one of the first dorsal ribs, which would explain its
slight asymmetry as well. The element mentioned by Nosotti (2007) is likely of the same

origin. Several partially preserved, isolated bones stored at SMNS, originally identified as
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Tanystropheus interclavicles, are disparate in their morphology and their taxonomic affinities
are highly uncertain. Therefore, with the multiple articulated and complete skeletons not
preserving an interclavicle, and no archosauromorph interclavicle being found in Miedary so
far, it can be unequivocally confirmed that the interclavicle in Tanystropheus, if it was present
in any form, was not ossified. This corroborates the scorings of the phylogenetic analyses of
Spiekman et al. (2021, 2024a). Among tanysaurians in which this character can be assessed,
only Dinocephalosaurus orientalis and Ozimek volans Dzik and Sulej, 2016 lack an ossified
interclavicle (Dzik and Sulej 2016; Spiekman et al. 2024a).

Presence of subcentral foramina in Tanystropheus

Spiekman et al. (2021) stated that among all archosauromorph taxa analysed therein
for which this character could be assessed, conspicuous foramina on the ventral side of the
cervical vertebrae are present only in Tanystropheus conspicuus, but their absence in other
species of Tanystropheus cannot be confirmed either. These subcentral foramina were recently
shown to be associated with intersegmental arteries that ran within the vertebrae (see Rytel et
al. 2024b). The presence of this character can be unequivocally confirmed in the three-
dimensionally preserved material referred to Tanystropheus sp., from the sites in Hungary
(Osi et al. 2020), NE Italy (Dalla Vecchia 2006; pers. obs. AR), Romania (Jurcsak 1975; pers.
obs. AR) and small-sized vertebrae from the Lower Keuper of Germany (Schoch 2015, fig.
10.7C; Spiekman and Scheyer 2019, supp. inf.; pers. obs. AR). In the articulated specimens
from Monte San Giorgio and China the existence of the subcentral foramina is difficult to
assess due to the ventral side of the vertebrae rarely being visible. Interestingly, Wild (1980a)
described PIMUZ T 3901 as having foramina on the lateral side of the cervical vertebrae, near
the midpoints of their anteroposterior length. It is very likely that these foramina are
homologous to subcentral foramina of other Tanystropheus species, and it is only due to
diagenetic alteration of the original morphology that they appear as if located on the lateral
side of the centrum. Similarly, PIMUZ T 2819 preserves some three-dimensional information
and was prepared in such a way that deep pits are visible on the ventral side of the centra, at
an identical relative location as the subcentral foramina in other species of Tanystropheus.
PIMUZ T 3901 was referred to T. longobardicus by Spiekman and Scheyer (2019) and
PIMUZ T 2819 was referred to T. hydroides by Spiekman et al. (2020a). Therefore, the
existence of subcentral foramina on the ventral surface of postaxial cervical vertebrae can be
confirmed for all three valid species of Tanystropheus as well as in most other specimens in

which the presence of this character could be assessed.
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Reduction of the neural spine in the cervical vertebrae of Tanystropheus

An extreme elongation of a vertebra is usually accompanied by a reduction in neural
spine height, resulting in convergently similar morphologies. This is evident when comparing
the cervical vertebrae of tanysaurians and azhdarchid pterosaurs, which, despite being
comparable in general vertebral shape, exhibit clear differences in their internal anatomy,
thereby indicating different biomechanical means for accommodating their extreme
proportions (see Rytel et al. 2024b). Whereas the neural spine in the middle section of the
middle cervical vertebrae of Tanystropheus is extremely low, histological and
microanatomical studies prove that it was not lost, but rather embedded in a thick cortex
(Rytel et al. 2024b). Thus, it cannot be regarded as “completely reduced” but rather only
“virtually completely reduced”, as interpreted in some studies (e.g., Pritchard et al. 2015). The
neural spine is present along the entire length of the middle cervical vertebrae of

Tanystropheus, despite not being outlined in the middle sections of some of them.
Femur/humerus length ratio in Tanystropheus

Whereas Spiekman et al. (2021) found the ratio of the total length of the humerus
versus the total length of the femur between 0.84 and 0.91 to be one of the synapomorphies
present in Tanystropheus, this character is not included in the emended diagnosis herein. The
articulated specimens from Monte San Giorgio area display a different state for this character,
with the mentioned ratio reaching values from around 0.63 to around 0.76 (pers. obs. AR).
These values are generally congruent with the measurements of Spiekman et al. (2021,
supplementary material) and are similar to those present in other early-diverging
archosauromorphs studied therein, thus not constituting a diagnostic character for
Tanystropheus.

Presence of the postcloacal bones in Tanystropheus

In some articulated and largely complete individuals of Tanystropheus of various size
(GMPKU P 1527, PIMUZ T 1270, PIMUZ T 1277, PIMUZ T 1307, PIMUZ T 2817) four
elongate elements arranged in two pairs are present posterior to the pelvic girdle. These
ossifications are absent in several other similarly sized individuals with a well preserved
pelvic region (e.g., MSNM BES SC 265, PIMUZ T 2483, PIMUZ T 2791, PIMUZ T 2818).
Wild (1973, p. 123) already noted that the presence of this feature is due to sexual

dimorphism, interpreting these “calcified cartilage rods” as “penile elements”. Rieppel (1976)
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suggested that they are likely post-cloacal bones, a hypothesis that Wild (1980a) later
supported.

Post-cloacal elements, as defined by Russell et al. (2016), are subcutaneous,
mineralised (or at least radio-opaque) structures located in the base of the tail of some
squamates (geckos, xantusiids) and lissamphibians (caecilians). In extant animals only the
males bear them. The postcloacal bones are used during copulation but their specific function
remains relatively poorly understood (Rieppel 1976; Russell 1977; Russell et al. 2016). The
study of Jaquier and Scheyer (2017) has shown that the postcloacal bones in Tanystropheus
have no cartilaginous precursor, and are bony elements, similar to structures that have been

reported for the postcloacal bones of geckos, but unlike caecilians (Russell et al. 2016).

Among all archosauromorphs, only one other tanystropheid, Tanytrachelos ahynis
Olsen, 1979, shares the presence of postcloacal bones with Tanystropheus (Olsen 1979; Casey
et al. 2007). In both taxa there are two pairs of elongate, anteroposteriorly oriented elements.
Whereas the complex postcloacal apparatus in Tanystropheidae has likely evolved only once,
as Tanystropheus and Tanytrachelos seem to be closely related (see Spiekman et al. 2021), the
later development of a similar anatomical feature in squamates appears to be convergent
(contra Wild 1973). When compared to geckos, in which the postcloacal bones are relatively
well-studied, the elements present in tanystropheids are relatively much larger, less
mediolaterally expanded, and of more constant length within the whole apparatus (Wild 1973;
Rieppel 1976; Russell 1977; Olsen 1979; Wild 1980a; Kluge 1982; Russell et al. 2016). The
homology between the postcloacal bones in squamates and tanystropheids is likely purely
functional, although further finds of early reptiles with associated postcloacal bones could

change this interpretation.

Olsen (1979) suggested that the ossifications in Tanytrachelos ahynis were
characteristic to females and might have served a role of an egg pouch support, but it seems
more parsimonious to concur with Wild (1973, 1980a) in attributing them to males, as
observed in the extant squamates. In an animal of such extraordinary proportions as
Tanystropheus, copulation might have demanded an additional structure that would serve as
an attachment point for tissues associated with the copulatory organ of the male. Regardless
of their function and distribution between the sexes, the postcloacal bones documented in all
three species of Tanystropheus and Tanytrachelos ahynis give additional insights into the
dimorphic features found among the early members of Archosauromorpha. Further indications
for sexual dimorphism have also been reported from all other major clades of non-
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archosauriform archosauromorphs — some rhynchosaurians (different body proportions, see
Chatterjee 1974; Benton 1983), the allokotosaurian Shringasaurus indicus Sengupta, Ezcurra
and Bandyopadhyay, 2017 (presence of horns in some specimens), and possibly in the
trachelosaurid Dinocephalosaurus (size difference between mature individuals; Liu et al.
2017; Spiekman et al. 2024a). Therefore, it seems that sexual dimorphism in Triassic
archosauromorphs was not uncommon and was expressed in diverse osteological forms. In
combination with the already described articulated specimens of Tanystropheus with the
postcloacal apparatus preserved in situ, the newly reported isolated postcloacal bones from
Miedary (Fig. 45) will allow for a more comprehensive analysis of the function of these

elements in the future.

Biogeographic distribution of Tanystropheus conspicuus

The earliest described specimens of Tanystropheus originated from Europe,
specifically France, Germany, Poland (von Meyer 1847-1855; von Huene 1907-1908), Italy,
and Switzerland (Bassani 1886; Peyer 1931). Outside of the CEB and the sites of Monte San
Giorgio, remains of Tanystropheus have so far been reported from Canada (Sues and Olsen
2015), China (Li 2007; Rieppel et al. 2010), Hungary (Osi et al. 2020), Israel (Peyer 1955;
Rieppel 2001), several further localities in Italy (Dalla Vecchia 2000, 2006, 2008; Dalla
Vecchia and Avanzini 2002; Dalla Vecchia and Simonetto 2018), Romania (Jurcsak 1973,
1975, 1978) and Saudi Arabia (Vickers-Rich et al. 1999), giving the genus a Tethys-wide
spatial range of occurrence (Spiekman and Scheyer 2019). The Polish sites constitute the
northernmost confirmed occurrence of Tanystropheus, being located on higher palaeolatitudes
than the sites from the western side of the CEB, due to the counterclockwise rotation of the
tectonic plates that formed this portion of Pangaea relative to the modern day (see Nawrocki
and Szulc 2000; Scotese 2014).

Whereas material of T. hydroides might potentially be present both in Europe and in
China (Spiekman et al. 2020a), the finds of Tanystropheus conspicuus are
palaeobiogeographically constrained to the CEB (Fig. 47). Remains of the latter species are
widespread in the upper Anisian — upper Ladinian outcrops of the basin. The first appearance
of T. conspicuus is near the base of the Upper Muschelkalk (lower Trochitenkalk Formation of
Bad Sulza in Germany), and its last record can be found in the uppermost stratum of the
Lower Keuper (Grenzdolomit, uppermost Erfurt Formation of Molsdorf and Hoheneck in
Germany). Overall, the taxon is known from around 70 localities (see Appendix 1). The

prevailing majority of these sites are located in Germany, forming three clusters (Fig. 47) —
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one north of Stuttgart, one in Bavaria (Upper Franconia, Bayreuth area), and the third in
Thuringia (around Erfurt). From among other localities, an ilium and a vertebra have been
found in north-western Germany (Horn-Bad Meinberg and near Gottingen), several
specimens have been described from four sites in Alsace and Lorraine (France), and the
material from Laryszow and Miedary in Upper Silesia (Poland) is reported herein. An
additional vertebra potentially belonging to T. conspicuus has been found in an Upper
Muschelkalk quarry in Lamerden in Hesse, near the border with North Rhine-Westphalia
(Germany, see Diedrich 2015) and a Lettenkeuper outcrop in Koscielec (nowadays a part of
Chrzanéw, Lesser Poland) has yielded a large postzygapophysis with a prominent epipophysis
ZPAL P. VIII (partim), reminiscent of that of Tanystropheus.

The remains of Tanystropheus conspicuus are, therefore, relatively evenly spatially
spread within the accessible Upper Muschelkalk-Lettenkeuper sites of the CEB. They seem to
be much less common in the northern part of Germany, possibly due to sampling bias, as
some additional privately-held specimens (pers. obs. AR) suggest the occurrence of T.
conspicuus is more common and widespread than documented by the material from public
collections. Thus, throughout the existence of this taxon its range of occurrence likely covered
most of the CEB. Among all the aforementioned material reported from outside of the CEB,
no specimen is morphologically more similar to T. conspicuus than to T. hydroides or T.
longobardicus, and none of them reached the size range of the larger individuals of T.
conspicuus. This implies that the latter species might have been endemic to the CEB. Largely
due to the sedimentary record in the region in the Middle Triassic, T. conspicuus is currently
the species of Tanystropheus with the longest and most continuous unambiguous fossil record,
encompassing several millions years from the late Anisian to the late Ladinian. This suggests
that Tanystropheus was well adapted to living in the environments of the CEB (contra Wild
1980b).
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Fig. 47. Map of Central Europe with the outcrops of Middle Triassic sediments and the
occurrences of Tanystropheus conspicuus marked. Outcrops in Poland based on Marks et al.
(2022), and the rest on the Geologische Karte der Bundesrepublik Deutschland 1:1 000 000,
created by the BGR (version 2024-04-23). For Poland the Middle Triassic outcrops are
visible, and the rest of the marked area signifies the presence of the following strata, with the
stratigraphy assigned by the BGR: Muschelkalk undivided, Upper Muschelkalk, Muschelkalk
and Keuper undivided, Lower Keuper. Labelled localities represent the sites from which the
type material derives (Bayreuth area, Laryszow) and the site with the largest amount of

specimens (Miedary). For the full list of included localities refer to the Appendix I.

Co-occurrence of small and large sized individuals of Tanystropheus in the Central
European Basin

To estimate the total body size of an animal, we have to consider the allometric growth
of some of its body parts. Whereas in T. hydroides and T. longobardicus allometric growth can
be noted for the cervical vertebrae (Tschanz 1986, 1988), humeral and femoral length seems
to increase roughly isometrically to the total body length of the animal (pers. obs. AR). The
largest limb bones of Tanystropheus conspicuus are around 1.5 times longer than those of the
largest known complete and articulated individual of T. hydroides, PIMUZ T 2818, which
measured slightly over 4 m in length. Thus, the known maximal total body length for
Tanystropheus is estimated at over 6 m. This is also supported by the size of the vertebrae
from Miedary, the largest of which (ZPAL V. 36/182) has a nearly 40 cm long centrum. The
relatively smallest element referred to T. conspicuus, a cervical vertebra ZPAL V. 36/181, is

around eight times smaller, with its centrum measuring 49 mm. It is likely a ninth or tenth
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cervical vertebra as its neural spine is relatively tall in its mid-posterior portion (see Rytel et
al. 2024b, fig. 7). Cervical vertebrae nine and ten of nearly the exact same size are present in
the neotype of T. longobardicus, PIMUZ T 2791, a largely complete and articulated individual
with an estimated total body length of around 85 cm (pers. obs. AR; Wild 1973). As the body
proportions of all Tanystropheus species are generally similar, the individual to which the
ZPAL V. 36/181 vertebra belonged was likely similar in size to PIMUZ T 2791. Hence, the
estimated value of total body length ratio between the largest and the smallest known
individuals of T. conspicuus equals around seven. In T. hydroides and T. longobardicus this
value equals less than three — PIMUZ T 2792 (around 190 cm) versus PIMUZ T 2793 (around
5 meters) for the former and PIMUZ T 2481 (around 55 cm) versus PIMUZ T 1277 (around
145 cm) for the latter, based on estimates of Wild (1973) and complemented by the
measurements made by the author. Most diagnostic features for Tanystropheus species from
Monte San Giorgio refer to their cranium, and thus specimens not preserving the skull can
only be referred to a species based on size (Spiekman and Scheyer 2019; Spiekman et al.
2020b). Hence, some size-overlap might exist but cannot be confirmed due to the preservation

characteristics of this material.

The size range of T. conspicuus ranges from the equivalent of medium sized
individuals of T. longobardicus (total body length under 1 m) to individuals larger than the
largest known specimens referred to T. hydroides (total body length over 6 m). Some potential
lines of arrested growth are already present in ZPAL V. 36/181 (Rytel et al. 2024b, fig. 8B),
implying that this juvenile might have already gone through several cycles of growth, and the
neonates were certainly even smaller. It is therefore possible that some of the specimens
previously considered referable to T. longobardicus based on size, and lacking any associated
cranial material, are in fact juveniles of T. hydroides. Further research on the ontogenetic
variation of postcranial remains of all three species of Tanystropheus is needed to evaluate
this hypothesis but should be preceded by broader studies on intra- and interspecific variation

of these forms.

The Ladinian sediments of Germany have yielded small teeth, characterised by their
tricuspid morphology — with one centrally located large central cusp flanked both distally and
mesially by a small accessory cusp. Some of these specimens have been previously referred to
?Cynodontia, T. cf. meridensis (=Tanystropheus cf. T. longobardicus), or Tanystropheus sp.
(Wild 1980a; Dorka 2002; Loffler et al. 2007; Schoch 2015; Schoch et al. 2018; Spickman
and Scheyer 2019). This tooth morphotype appears throughout the entire Lettenkeuper
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sequence, from its lowermost (Grenzbonebed) to its uppermost (Grenzdolomit) strata, but it is
currently not known from the underlaying Muschelkalk sediments (pers. obs. AR). Most of
these specimens documented to date originated from the Vellberg-Eschenau locality in Baden-
Wiirttemberg, with Layer 6 of the Untere Graue Mergel being their most productive source.
The same stratum at this site has yielded small Tanystropheus sp. vertebrae mentioned by
Schoch (2015), Schoch et al. (2018) and Spiekman and Scheyer (2019). Importantly, a
postcloacal bone and several teeth here referred to Tanystropheus conspicuus also originate
from the Untere Graue Mergel of Vellberg-Eschenau. Another tooth morphotype represented
by several specimens (e.g., SNSB-BSPG 1973 VII 85) found only in the western part of the
CEB, is seemingly intermediate between the previously mentioned tricuspid teeth and the
specimens referred to T. conspicuus herein. Most of the crown in this morphotype is
indistinguishable from those of T. conspicuus, but miniscule mesial and distal cusps are
present. The taxonomic affinities of these teeth might be revealed in future, if they are found

preserved in jaw fragments.

Both the small cervical vertebrae of Tanystropheus sp. and the tricuspid teeth from the
Lettenkeuper of Germany are reminiscent in size and morphology to those of T.
longobardicus, as mentioned in previous studies (Wild 1980a; Dorka 2002; Schoch 2015;
Schoch et al. 2018). Whereas the cervical vertebrae are not diagnostic to the species level in
Tanystropheus (excluding T. conspicuus), the presence of tricuspid teeth is a clear
autapomorphy of T. longobardicus. Although a dentitions of similar morphology were present
in basal pterosaurs and some cynodont synapsids (Hahn et al. 1984; Dorka 2002; Schoch
2015; Schoch et al. 2018), only Hahn et al. (1984) compared teeth of these three groups
directly. The chronostratigraphically youngest specimen referred to T. longobardicus
originated from the Cassina beds of the Meride Limestone, on the Swiss side of Monte San
Giorgio (Wild 1980a; Spiekman et al. 2021). The 2%°Pb/?®U age of 240.63 + 0.13 Ma was
assigned to Cassina beds by Stockar et al. (2012), making this interval contemporaneous with
the lower Lettenkeuper strata of the CEB (Hagdorn et al. 2015a; Hagdorn and Simon 2020).
Thus, it would seem most parsimonious to assume that the association of the small-sized
Tanystropheus sp. vertebrae and the tricuspid teeth is due to the presence of a form very
similar to T. longobardicus, or this species itself, in the Ladinian of Germany. This animal
would co-occur with T. conspicuus in the western part of the CEB, demonstrating that the
presence of two different-sized forms of Tanystropheus in one environment was characteristic

not only to Monte San Giorgio (Spiekman et al. 2020a). Other possible cases of this
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phenomenon include the Tanystropheus material from Makhtesh Ramon in Israel (Rieppel
2001) and the Falang Formation in China (Li 2007; Rieppel et al. 2010).

In Miedary some small cervical vertebrae have been found but they represent juveniles
of Tanystropheus conspicuus, as evidenced by their microanatomy (see Rytel et al. 2024b). No
tricuspid teeth have been identified despite intensive research on the vertebrate microremains
from the site (Pawlak et al. 2022). Miedary is, however, older than the Lettenkeuper sites in
the western part of the CEB (see Czepinski et al. 2023) and more distant from the sites from
which T. longobardicus is known. It is possible that migration of the smaller Tanystropheus
form occurred later during the Ladinian. Its appearance might have been connected to the
environmental turnover of the CEB during the Muschelkalk-Keuper sedimentation transition,

during which terrestrial habitats became increasingly more prevalent (see Franz et al. 2013).

To verify the likely presence of a second, small, species of Tanystropheus in the CEB,
future research should be carried out to determine the ontogenetic age of the small cervical
vertebrae from Vellberg-Eschenau as well as the comparative analysis of the tricuspid teeth
and dentary morphologies in the Middle Triassic taxa. If in future remains of the small-sized
Tanystropheus from the Lettenkeuper of Germany are referred to T. longobardicus, and the
Chinese specimen GMPKU P 1527 Tanystropheus cf. T. hydroides (see Rieppel et al. 2010;
Spiekman et al. 2020b) can be referred to T. hydroides, then both of these species, together
with T. conspicuus, would have a very similar temporal ranges — late Anisian to late Ladinian.
For now, | refrain from reassessing the original taxonomic identification of the

aforementioned specimens.

Conclusions

The novel early Ladinian site in Miedary (southern Poland) has yielded a diverse
assemblage of bones and teeth, including hundreds of elements referred here to Tanystropheus
conspicuus. Based on these remains, combined with all the previously published specimens of
T. conspicuus, this species is here no longer regarded as a nomen dubium. It differs distinctly
from other species of Tanystropheus in several important characters, including the expansion
of the distal portion of the neural spines in the torso, the posterodorsal extension of the
scapular blade, and its large size, with the longest individuals likely reaching over six meters
in total body length. The newly reported cranial elements constitute the first record of skull
bones of Tanystropheus from outside of Monte San Giorgio, and provide important insights
into the interrelationships of Tanystropheus conspicuus, Tanystropheus hydroides, and
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Tanystropheus longobardicus. Whereas Tanystropheus conspicuus appears to be closely
related to T. hydroides if we only take into account the cranial features, T. longobardicus and
T. hydroides are more similar to each other, and disparate from T. conspicuus, in many aspects
of their postcranial morphology (Figs. 23, 34). This provides valuable insights into the
interrelationships of these taxa, and demonstrates a mosaic of features present among the
three valid species of Tanystropheus. Future studies should focus on studying their inter- and
intraspecific variation, assessing which morphological characters result from ontogenetic or

size differences, and which might be phylogenetically significant.

This work will facilitate the identification of archosauromorph remains from a broader
range of geographical areas. The first comprehensive evaluation of the three-dimensional
morphology of Tanystropheus remains from the CEB allows for a better assessment of similar
material from other regions (e.g., Jurcsak 1973; Vickers-Rich et al. 1999; Rieppel 2001; Dalla
Vecchia 2000, 2006, 2008; Sues and Olsen 2015; Osi et al. 2020). For now, Tanystropheus
conspicuus seems to be endemic to the CEB, but further detailed study on the aforementioned
material might bring additional insights into the evolution and spread of Tanystropheus
throughout the marine realm of the Tethys. Moreover, the material described here is also
suitable for future research on myology, histology, pathologies, sexual dimorphism,
biomechanics, propulsion style and other aspects of the biology of Tanystropheus, which were

previously mostly constrained by the preservation characteristics of known remains.

The environmental characteristics recorded at the Miedary site (specifically within
layers M1, M2, and M4, see Czepinski et al. 2023) are a good proxy for inferring the
preferred habitat of Tanystropheus. The number of elements of this animal recovered at
Miedary, their diversity, and state of preservation, all point towards over 20 individuals of T.
conspicuus dying, and likely living, in close proximity to the current excavation site.
Previously known localities from which the remains of Tanystropheus were reported seem to
be positioned further away from the actual habitat of the animal (Renesto 2005; Beardmore
and Furrer 2017). Studying the fossil assemblage of Miedary, and the faunistic components
contained within it, will bring us closer to understanding the trophic connections between
Tanystropheus and the other taxa coinhabiting this environment. It is still an open question
how constrained the niches occupied by various Middle Triassic aquatic long-necked
piscivorous reptiles (nothosaurids, pistosaurids, Tanystropheus, trachelosaurids) were, and

how their convergent evolution affect their emergence, success, and later disappearance.
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Thanks to the material from Miedary the status of Tanystropheus conspicuus changes
from an obscure and dubious taxon based on fragmentary, isolated bones to one of the better
documented Triassic archosauromorphs. It is known from over a thousand of specimens.
These are mostly isolated elements, but they include some articulated remains. Tanystropheus
conspicuus is the largest tanystropheid known to date, and one of the longest Middle Triassic
reptiles. There are multiple lines of evidence for its aquatic lifestyle (e.g., depositional
environment, dental morphology, reduced deltopectoral crest, etc.), and no clear indication for
terrestrial locomotion. This is congruent with hypotheses from previous studies on
Tanystropheus (Tschanz 1986; Nosotti 2007; Rieppel et al. 2010; Beardmore and Furrer 2017;
Jaquier and Scheyer 2017; Renesto and Saller 2018; Spiekman et al. 2020a, b; Spiekman and
Mujal 2023; Rytel et al. 2024b). Virtually all our current knowledge on this genus points
towards it being a (semi)aquatic ambush predator that lived and hunted in shallow marine or
brackish waters. Its ability to walk on land is difficult to assess — it might have reproduced on
land but the evolution of viviparity in the slightly older, closely related taxon,
Dinocephalosaurus (Li et al. 2017b; Liu et al. 2017), makes even this inference uncertain.
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Chapter 11

Unique internal anatomy of vertebrae as a key factor for neck elongation in Triassic

archosauromorphs
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Introduction

The period following the End-Permian Mass Extinction saw the appearance,
diversification, and radiation of several vertebrate lineages that became major components of
later faunas (e.g., Foth et al. 2016; Ezcurra and Butler 2018; Simdes et al. 2018; Benton and
Wu 2022; Laboury et al. 2023; Sues and Schoch 2023). Among the Mesozoic tetrapods,
diapsids achieved the most extensive evolutionary success, giving rise to the lineages that

dominated terrestrial (non-avian dinosaurs, pseudosuchians, non-mosasaur sgquamates),
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aquatic (sauropterygians, ichthyosaurs, mosasaurs), and aerial (pterosaurs, birds)
environments. Members of these groups evolved derived adaptations to the niches they
occupied and adopted new, unique bauplans. In the Triassic, one the most ecologically diverse
clades of vertebrates were the tanysaurians (Tanysauria), a group of early-diverging
archosauromorphs (Spiekman et al. 2024b). The Tanysauria contained terrestrial (e.g., Rieppel
1989; Renesto 1994), aquatic (e.g., Spiekman et al. 2024a, b), and possibly gliding (Dzik and
Sulej 2016) forms. Members of this group exhibited substantial neck elongation, achieved
through either cervical vertebrae count increase (trachelosaurids, see Spiekman et al. 2024a,
b) or the hyperelongation of the cervicals (tanystropheids, see Wild 1973; Nosotti 2007; Dzik
and Sulej 2016; Spiekman and Scheyer 2019; Spiekman et al. 2021). The first described and
widely known tanysaurian Tanystropheus demonstrated an extreme extent of the latter
condition, with its cervicals being over 10 times longer than tall (Fig. 1A-B; Spiekman and
Scheyer 2019; Spiekman et al. 2021) and its neck constituting about half of the total body
length in large individuals (AR pers. obs.; Wild 1973; Tschanz 1988). The lifestyle of
Tanystropheus spp. remains not fully resolved, with recent developments in the subject
pointing towards it being a shallow marine ambush predator (Nosotti 2007; Beardmore and
Furrer 2017; Renesto and Saller 2018; Spiekman et al. 2020a, b). Currently, the main skeletal
feature not in keeping with the inferred aquatic habitat is the internal structure of the cervical
vertebrae, which are preserved as hollow inside, potentially implying a more terrestrial
lifestyle (Broili 1915; Edinger 1924; Renesto 2005; Jaquier and Scheyer 2017).

Despite the internal anatomy of tanysaurian cervicals being widely known and
acknowledged as unique (von Meyer 1847— 1855; von Huene 1907-1908; Broili 1915;
Edinger 1924; Wild 1973; Dalla Vecchia 2000; Rieppel 2001; Renesto 2005; Nosotti 2007;
Dzik and Sulej 2016; Jaquier and Scheyer 2017; Formoso et al. 2019; Spiekman and Scheyer
2019; Miedema et al. 2020; Spiekman et al. 2020a), its function and evolution have never
been investigated in detail. The distinct internal anatomy of the vertebrae was noted already in
the original description of Tanystropheus conspicuus von Meyer, 1852. von Meyer (1847-
1855) hypothesised that the internal cavity was filled with vascularised soft tissue, whereas
the spinal cord developed as a series of intervertebral ganglia, located in the anterior and
posterior concavities of the neural arch (see Edinger 1924). von Huene (1907-1908) corrected
this interpretation, reporting on the neural canal being located more conservatively, between
the centrum and the neural arch, and being ventrally floored by bone in its anteroposteriorly

terminal sections, with only a hypothetical ‘delicate periosteum’ in the middle. Broili (1915)
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described the internal vertebral anatomy in more detail, noting the presence of some bony
trabeculae inside of one of the vertebrae, and hypothesising that the other specimens are
devoid of them due to post-mortem alterations. Research on the subject was summarised by
Edinger (1924), who stated that the spinal cord ran within the vertebral centra of T.
conspicuus, a feature unique among vertebrates. All of these authors considered the vertebrae
of Tanystropheus spp. to be ‘dinosaur’ caudals. It was not until the articulated specimens from
Monte San Giorgio were described (Peyer 1931) that the true nature of these bones was
revealed. Wild (1973) provided a comprehensive summary of previous studies on the biology
of Tanystropheus spp., as well as many additional insights on this subject. According to Wild
(1973), the spinal cord in the cervicals of Tanystropheus spp. ran within the centra, and its
course changed ventrodorsally along the anteroposterior axis of the neck (like a ‘garland’),

reaching the ventral surface of the internal cavity shortly after entering the vertebra.

Jaquier and Scheyer (2017) were the first to comparatively investigate tanysaurian
histology by sampling, among others, cervicals of Macrocnemus bassanii Nopcsa, 1930 and
Tanystropheus spp., revealing the generally homogenous, compact structure of the bone walls
of these vertebrae. Recent studies employing phase-contrast synchrotron computed
tomography provide insights into the internal morphology of the axes of Macrocnemus
bassanii and Tanystropheus hydroides Spiekman, Neenan, Fraser, Fernandez, Rieppel,
Nosotti, & Scheyer, 2020, which revealed the tubular structure of the anteriormost postatlantal
cervicals (Miedema et al. 2020; Spiekman et al. 2020a). Similar anatomy can also be
observed in the elongate cervicals of other tanysaurians—Augustaburiania vatagini Sennikov,
2011 from the late Olenekian of Russia (AR pers. obs.; Sennikov 2011), Czatkowiella harae
Borsuk-Biatynicka & Evans, 2009 from the late Olenekian of Poland (T. Szczygielski pers.
obs.; Borsuk-Biatynicka and Evans 2009), a putative tanysaurian Microcnemus efremovi von
Huene, 1940 from the Early Triassic of Russia (von Huene 1940), the Moenkopi Formation
tanystropheid from the early Anisian of the USA (Formoso et al. 2019), Ozimek volans Dzik
& Sulej, 2016 from the late Carnian of Poland (Dzik and Sulej 2016), and Tanytrachelos
ahynis Olsen, 1979 from the late Carnian of the USA (Spiekman et al. 2021), as well as the
Homestead tanystropheids from the early-mid Norian of the USA (Heidenfelder et al. 2023).
Thus, the observed ‘hollowness’ of the cervicals is potentially a characteristic feature of all
tanystropheids and possibly non-tanystropheid tanysaurians, despite their disparate lifestyles,
as well as the wide temporal (Early to Late Triassic) and spatial (North America to China)

range of occurrence of the mentioned taxa. Therefore, it can be hypothesized that this unique
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vertebral anatomy was an important adaptation correlated with substantial neck elongation—a
feature shared by all tanysaurians to at least some extent. Due to their elongation, the presence
of the ‘shaft’ and internal cavity, the cervical vertebrae of some tanystropheids (e.g.,
Tanystropheus spp., Ozimek volans) are similar in their general structure to long bones of
avemetatarsalians, not only in their superficial anatomy, but potentially also the internal
structure and biomechanical properties. This resemblance allows for intriguing comparisons
with extant and extinct animals, but to further explore this phenomenon and its origin, broader
and more detailed sampling was needed. Previous studies have been constrained by the
scarcity of available three-dimensionally (3D) preserved material (Broili 1915; Wild 1973;
Jaquier and Scheyer 2017), but the newly identified material from Silesia in southern Poland
(Surmik et al. 2016; Czepinski et al. 2023) allows for a more extensive and holistic approach.
Herein, we describe the internal anatomy of the cervical vertebrae of Tanystropheus spp. and
‘Protanystropheus’ antiquus, employing both traditional sectioning and computed
tomography (CT) scanning, to trace the evolution and function of the extensive modifications

of the vertebral anatomy in tanysaurians.
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Fig. 1. Reconstruction of the neck of T. hydroides (A), after Spiekman et al. (2020a, changed,;
Author: Beat Scheffold) and some of the sampled middle cervicals of Tanystropheus
conspicuus (B—F): (B) ZPAL V. 36/101, surface model in left lateral view; (C) ZPAL V.
36/1016/1, polished longitudinal cross section of an anterior portion of a vertebra; (D) ZPAL
V. 36/1016/2, polished longitudinal section of a posterior portion of a vertebra; (E) SMF R
999c, a longitudinal cross section through a posterior portion of a vertebra as originally
illustrated by von Huene (1907-1908: fig. 251) and (F) as currently preserved. Anatomical
abbreviations: ic—internal cavity; nc—neural canal; ns—neural spine; poz—
postzygapophysis; prz—yprezygapophysis.
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Material and methods

Tanystropheus conspicuus von Meyer, 1852 was erected on the basis of elongate
vertebrae found in Germany and Poland. It shares its general anatomy with the more
completely known Tanystropheus hydroides and Tanystropheus longobardicus (Bassani,
1886). These constitute all of the currently valid species of Tanystropheus. Taxonomic
revisions of this taxon, combined with an extensive summary of referred material and its
history, were provided by Wild (1973) and Spiekman and Scheyer (2019). Due to the lack of
informative remains that would allow for a detailed comparison with the other Tanystropheus
spp., Spiekman and Scheyer (2019) and Spiekman et al. (2021) considered T. conspicuus a
nomen dubium. The newly uncovered locality of Miedary (southern Poland) has yielded
abundant and diverse material of this species (see Czepinski et al. 2023). The majority of the
studied specimens of Tanystropheus spp. (22 out of 30 cervicals, see Table 1) were recently
excavated from the Miedary site (Czepinski et al. 2023). Similar to the typical preservational
characteristics of this locality (Czepinski et al. 2023), these cervicals were found isolated and
fully 3D preserved, but they quite often exhibited some degree of diagenetic alteration of their
original morphology. Additionally, a well preserved 11th vertebra, SMNS 84821, described by
Wild (1973, fig. 49), was CT scanned.

Unfortunately, the postaxial cervicals of Tanystropheus spp. exhibit a strikingly similar
morphology from the 3rd to the 9th vertebra (Rytel et al. 2024a), and thus are extremely
difficult to assign to their exact original position in the vertebral column (contra Wild 1973;
see also Spiekman and Scheyer 2019). Therefore, only the posterior cervicals (vertebrae 10—
13) could be confidently identified, and the postaxial vertebrae preceding them are referred to
as ‘middle’ throughout the text. The sampled specimens varied in size, with the largest centra
reaching over 35 cm in length (e.g., ZPAL V. 36/101—Fig. 1B) and the shortest being only 5
cm long (ZPAL V. 36/181). To better evaluate morphological change of the neck-torso
transition, two well-preserved dorsal vertebrae of Tanystropheus conspicuus were also CT-
scanned: SMNS 54628 and ZPAL V. 36/112. Moreover, specimens published by previous
authors were reanalysed. These included a polished longitudinal section of a posterior portion
of a middle cervical of T. conspicuus SMF R 999 (von Huene 1907-1908: fig. 251), polished
transverse sections of an 11th cervical of T. conspicuus U-MO BT 738.00 (Broili 1915: plates
2 and 3), and thin sections of four cervical vertebrae of Tanystropheus spp.: PIMUZ T 2784,
PIMUZ T 2799, MHI 1104, and an uncatalogued 10th cervical from SMNS (Jaquier and
Scheyer 2017). Additionally, synchrotron CT scans of the holotype of T. hydroides PIMUZ T
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2790 (see Spiekman et al. 2020a, b), as well as a thin section of a cervical from the same
specimen, were used to evaluate the internal morphology of the anteriormost postatlantal

vertebrae.

Protanystropheus was introduced as a generic name by Sennikov (2011) to encompass
the original material of von Huene’s (1907-1908) ‘Tanystropheus’ antiquus, which included
isolated cervical vertebrae originating from several Lower Muschelkalk localities in Silesia
(southern Poland). Additional specimens were reported from the roughly contemporaneous
strata of Germany and the Netherlands (Huene 1931; Wild and Oosterink 1984; Spiekman and
Scheyer 2019; Spiekman et al. 2019), thus extending the biogeographic range of occurrence
of the genus. To this day, the material referable to this taxon is constrained to scarce isolated
cervicals, making any detailed interpretations of the biology of ‘P’. antiquus unattainable.
These vertebrae are elongate, but proportionally much shorter than those of Tanystropheus
spp. (Fig. 2). Morphologically, they are more reminiscent of those of other tanysaurians, e.g.,
Amotosaurus rotfeldensis Fraser and Rieppel 2006, Augustaburiania vatagini, or
Gracilicollum latens Wang, Spiekman, Zhao, Rieppel, Scheyer, Fraser & Li, 2023 (AR pers.
obs.; Fraser and Rieppel 2006; Sennikov 2011; Spiekman et al. 2021; Wang et al. 2023b).
This disparity between the cervicals of ‘P’. antiquus and all other vertebrae referred to the
genus Tanystropheus has been noted by previous authors, before Sennikov (2011) introduced
the new combination, with some suggesting the non-congenerity of these taxa (Wild 1973,
1987; Evans 1988; Fraser and Rieppel 2006). Sennikov (2011) was unaware that the syntypes
housed in MGUWr had survived World War 1II (see Skawinski et al. 2017). The most recent
study of this material was performed by Spiekman and Scheyer (2019) and Spiekman et al.
(2021), who summarised the available data and research on this taxon. ‘Protanystropheus’
antiquus was included in one of the phylogenetic analyses of Spiekman et al. (2021), where it
was recovered among ‘dinocephalosaurids’ (= trachelosaurids). ‘Protanystropheus’ antiquus
requires a taxonomical redescription including the syntype material, which will be addressed

in a separate publication. Herein, we confidently consider it an early diverging tanysaurian.
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Fig. 2. GIUS-7-3674, cervical of ‘Protanystropheus’ antiquus, surface model in left lateral
view (A) and a longitudinal CT cross section (B). Notice the thin, but generally continuous
neural canal floor. Anatomical abbreviations: ic—internal cavity; la—lamella that separates

the neural canal from the internal cavity; nc—neural canal; ns—neural spine; poz—

postzygapophysis; prz—yprezygapophysis.

Seven cervicals of ‘P’. antiquus were analysed (Table 1)—these included the syntypes
of von Huene (1907-1908): MGUWTr 3889s, MGUWTr 3895s, MGUWTr 3902s, as well as three
other vertebrae identified recently by the authors—GIUS-7-3674, SUT-MG/F/Tvert/2, and
WNOo0Z/s/7-39. The specimens studied herein originated from both historic (Gogolin, Nakto
Slaskie) and novel (Sosnowiec, Zyglin) sites located in south-western Poland. These localities
represent a short time interval (early Anisian). Most, if not all, of the studied ‘P’. antiquus
specimens were found in marine carbonates of the Gogolin Formation—the lower-most part
of the Lower Muschelkalk (see Kowal-Linka 2008; Skawinski et al. 2017), although the exact
stratigraphic provenience of GPIH 5194c and WNoZ/s/7-39 is not certain. All of the ‘P’.
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antiquus vertebrae identified so far were found isolated, which, together with their scarcity
and lack of research on their morphological disparity, precludes us from referring any of them
to their exact original position in the vertebral column. Sampled specimens varied in size,
with the largest centra reaching over 9 cm in length (WNoZ/s/7-39) and the shortest being
only around 4 cm long (MGUWTr 3889s). Even though these specimens are not fully complete,
they are 3D preserved and virtually unaltered diagenetically, thus constituting material well
suited for CT studies. The six mentioned vertebrae have been scanned, and subsequently
GIUS-7-3674 and SUT-MG/F/Tvert/2 were thin sectioned transversely at the midpoint of
their anteroposterior length. Two additional historical thin sections of a ‘P’. antiquus cervical
vertebra were found in the collection of GPIH. The source specimen GPIH 5194c lost its
original label, but additional notes on the sections indicate that it was collected by G. Giirich
in Silesia, possibly in Gogolin. Thus, the analysed dataset includes all of the published
material (including historical specimens) in which the internal anatomy of tanysaurian
cervicals was well visible. New specimens sampled for this study were investigated to
complement and expand the available data, allowing for a comprehensive de- scription of the
internal morphology of these vertebrae. The full list of the studied specimens, including the
sampling methods used for each of them, is provided in Table 1. CT data, specimen models,
and photographs used in this study are available on  MorphoSource:

https://www.morphosource.org/pro- jects/000661974.

CT scans of the majority of the specimens studied herein were acquired using a GE
Phoenix vijtome|x s CT scanner (GE Sensing and Inspection Technologies Phoenix|x-ray,
Wunstorf, Germany), installed in the Faculty Laboratory of Computed Microtomography,
Faculty of Science and Technology, University of Silesia in Katowice, Poland. Due to the
elongation, fragility, and size of some of the vertebrae, several cervicals were scanned in
parts, to preserve sufficient imaging resolution for their anterior and posterior portions.
Reconstructed cross sections were used to generate 3D views of the whole specimens based
on volume rendering. VG Studio Max 2.0 (Molume Graphics, Germany) and ImageJ (National
Institutes of Health, USA) software was applied to visualize the internal structure of the
samples. Finally, Mimics 14.11 (Materialise, Belgium) was used to model the surface of the
internal cavities of ‘P’. antiquus. The smallest Tanystropheus spp. cervical (ZPAL V. 36/181)
was analysed using pCT. These data were collected with a Zeiss XRadia MicroXCT-200
system equipped with a 90 kV/8 W tungsten X-ray, located in the Laboratory of

Microtomography, Institute of Paleobiology, Polish Academy of Sciences, Warsaw. Radial

158


https://www.morphosource.org/pro-%20jects/000661974

projections were reconstructed with XMReconstructor (Zeiss) software and viewed with
XM3DViewer (Zeiss) soft- ware. Avizo Lite 2020.3.1 (Thermo Fisher Scientific, USA) was
used to model the surface of the internal cavity of ZPAL V. 36/181. The vertebrae of T.
conspicuus SMNS 54628 and SMNS 84821 were scanned in the laboratory of the Institute for
Photon Science and Synchrotron Radiation at KIT. A microfocus X-ray tube (XWT-225, X-
RAY WorX, Garbsen, Germany) with an acceleration voltage of 200 kV and a flat panel
detector (XRD 1621 CN14 ES, PerkinElmer, Waltham, USA) with a physical pixel size of
200 um and a DRZ + scintillator were employed. The spectrum was hardened with an
additional copper filter. For both samples, the field of view, magnification, tube power, and
exposure time were optimized, resulting in an effective pixel size of 63.9 um for SMNS
54628 with an exposure time of 2 s and a tube power of 60 W, and 62.7 um for SMNS 84821
with an exposure time of 3 s and a tube power of 50 W. Three full CT scans were acquired for
both samples and then stitched together. Each scan consisted of 2048 projections acquired
over an angular range of 360°. CT reconstruction was performed using Octopus 8.6 (Inside
Matters, Ghent, Belgium). The new thin sections presented in this study (Table 1) were
created in the laboratories of the Institute of Paleobiology, Polish Academy of Sciences,
University of Silesia in Katowice, and the Laboratory of Electron Microscopy, Microanalysis
and X-Ray Diffraction, Faculty of Geology, University of Warsaw, Warsaw. The specimens
selected for sectioning were sampled transversely. To allow for a more extensive comparison
with the CT scan data, the vertebrae were cut at different points along their anteroposterior
length (predominantly near the midpoint) and the thin sections thickness varied from 40 to 80
um, to underline different aspects of their histology. Additionally, two partially preserved, but
diagenetically unaltered, middle cervical vertebrae of Tanystropheus conspicuus, ZPAL V.
36/1016/1 (anterior part) and ZPAL V. 36/1016/2 (posterior part), were cut along their sagittal
plane (Fig. 1C-D). Subsequently, the longitudinal cross sections were polished, to allow for a

detailed comparison with the CT scan data.

Thin sections were examined using a Nikon Eclipse 80i transmitted light microscope
fitted with a DS-5Mc cooled camera head (ZPAL), an Olympus BX51 polarized microscope
equipped with an Olympus SC30 camera and a halogen light source (GIUS), as well as two
Keyence VHX-7000 digital micro- scopes with a VHX-7100 fully integrated head with two
lens systems (20-100x; 100-500%) and a polarisation adapter, located at the University of
Zurich and the University of Warsaw.
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Table 1. Specimens analysed in this study.

Specimen Taxon Locality Stratigraphy Age Sampling |References/notes
GIUS-7-3674 'P." antiquus Zyglin (Poland) Lower Muschelkalk [earliest Anisian? [CT scanned, sectioned
GPIH 5194c ""P." antiquus Gogolin? (Poland) Lower Muschelkalk? earliest Anisian? [Sectioned two historic thin sections
MGUWTr 3889s 'P." antiquus INakto (Poland) Lower Muschelkalk earliest Anisian? |CT scanned \von Huene 1907-1908
MGUWTr 3895s 'P." antiquus Gogolin (Poland) Lower Muschelkalk fearliest Anisian? |CT scanned \von Huene 1907-1908
MGUWTr 3902s 'P." antiquus Gogolin (Poland) Lower Muschelkalk fearliest Anisian? |CT scanned \von Huene 1907-1908
SUT-MG/F/Tvert/2['P." antiquus Gogolin (Poland) Lower Muschelkalk [earliest Anisian? [CT scanned, sectioned [Surmik et al. 2016
\WNoZ/s/7-39 'P." antiquus ISosnowiec (Poland) Lower Muschelkalk fearliest Anisian? |CT scanned Surmik 2010
PIMUZ T 2790 IT. hydroides Punkt 902 (Switzerland) Besano Formation  JAnisian/Ladinian|CT scanned, sectioned [Spiekman et al. 2020a, b
PIMUZ T 2784 [Tanystropheus sp.|Cave Tre Fontane (Switzerland) Besano Formation  |Anisian/Ladinian{Sectioned aquier and Scheyer 2017
PIMUZ T 2799 [Tanystropheus sp.|Valle Stelle (Switzerland) Besano Formation  |Anisian/Ladinian{Sectioned aquier and Scheyer 2017
MHI 1104 . conspicuus Ohringen (Germany) Upper Muschelkalk fearly Ladinian  {Sectioned aquier and Scheyer 2017
SMF R 999a-c . conspicuus Bindlach (Germany) Upper Muschelkalk fearly Ladinian  |Cut and polished \von Huene 1907-1908
SMNS 54628 . conspicuus Hegnabrunn (Germany) Upper Muschelkalk early Ladinian  |CT scanned
SMNS 84821 . conspicuus Schwingen (Germany) Upper Muschelkalk early Ladinian  |CT scanned \Wild 1973
SMNS uncat. . conspicuus Crailsheim (Germany) Upper Muschelkalk [early Ladinian  {Sectioned Vaquier and Scheyer 2017

U-MO BT 738.00

conspicuus

Bindlach (Germany)

Upper Muschelkalk

early Ladinian

ICut and polished

Broili 1915

T

T

T

T

T

IT.
ZPAL V.36/101 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned ICzepinski et al. 2023
ZPAL V.36/102 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V.36/104 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V. 36/105 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V.36/106 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V. 36/107 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V. 36/108 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V.36/110 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V.36/112 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V.36/126 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/149 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |CT scanned
ZPAL V. 36/150 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/156 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/166 [T. conspicuus Miedary (Poland) L ettenkeuper early Ladinian  {Sectioned
ZPAL V. 36/176 [T. conspicuus Miedary (Poland) L ettenkeuper early Ladinian  {Sectioned
ZPAL V. 36/181 [T. conspicuus Miedary (Poland) L ettenkeuper early Ladinian  |CT scanned
ZPAL V.36/192 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V.36/193 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/1016/1T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |Cut and polished
ZPAL V. 36/1016/2T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  |Cut and polished
ZPAL V. 36/1071 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/1090 [T. conspicuus Miedary (Poland) Lettenkeuper early Ladinian  [Sectioned
ZPAL V. 36/1099 [T. conspicuus Miedary (Poland) L ettenkeuper early Ladinian  {Sectioned
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Results

Bone histology and internal structure of vertebrae of ‘P’. antiquus

The CT examination of vertebrae was performed to non- destructively investigate the
internal structure of each specimen and to assess the thickness of compact and cancellous
bone in the different regions of the vertebrae. Within the anteroposteriorly terminal portions
of all scanned ‘P’. antiquus centra, the core was filled with dense cancellous bone (identified
in CT images so of uncertain tissue composition) and the cortex was relatively thin (Figs. 2—
4), whereas in the middle portion, where the internal cavity was revealed, the cortical bone
was distinctly thicker. The transverse sections revealed the changes of the cortical bone
thickness and the shape of internal cavities, with the mid-centrum being roughly cylindrical.
The cortex was thinner near the anteroposteriorly terminal portions of the vertebrae and its
thickness gradually increased up to approximately four times the original thickness (about
10% of bone diameter), near the midpoint (Fig. 3). The density of the cancellous bone of the
anteroposteriorly terminal portions of the centrum decreased medially, with larger cavities
being present closer to the mid- point. The transition to the empty internal cavity was
relatively sharp. The anterior and posterior ends of the internal cavity were roughly

hemispherical and surrounded circumferentially by marginalised trabeculae (Fig. 3).
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b

Fig. 3. CT transverse cross sections (from anterior to posterior) of ‘Protanystropheus
antiquus cervical MGUWTr 3889s (surface model in left lateral view) showing internal
structure of the vertebra. Sectioning planes are marked with lines. Note the presence of a large
internal cavity (ic), thicker cortex layer (tc), and slanted trabeculae (st) spanning across the
internal chamber. Trabecular bone (tb) is present in the anteroposteriorly terminal portions of

the centrum.
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Long intermittent trabeculae composed of parallel-fibred bone moderately remodelled
with endosteal secondary lamellar bone (Fig. 4D) crossed the internal cavity in varied
directions, mainly diagonally. In some vertebrae they divided the internal cavity into several
smaller terminus-like pockets (Figs 2B, 3). The neural canal was separated ventrally from the
internal cavity by a horizontal, plate-like lamella consisting of endosteal lamellar bone (Figs.
2B, 3, 4A-C), which was generally thinner than the internal trabeculae composed of the same
tissue. This separation was not continuous, the neural canal floor was perforated by large
openings in some specimens (Figs. 2B and 3C-G) and seemed to disappear completely in
others. For example, in MGUWTr 3889s at least two large openings were present in the lamella
separating the neural canal from the internal cavity. In MGUWTr 3902 and GPIH 5194c there
appeared to be no bony separation between the neural canal and the internal cavity for most of
the length of the centrum. Because no fragments of broken bone were present anywhere inside
of the neural canal or the internal cavity of the centrum, and this condition was present in
several specimens approximately in the same area, it appears not to be an artifact of
preservation. The cortex was predominately composed of parallel-fibred matrix (Fig. 4), with
locally (especially in the dorsolateral part) highly organized arrays of mineralized collagen
fibres. No rest lines were present. The vascularisation was moderate, and its pattern was
radial, which was especially evident in the ventral part of the vertebrae (Fig. 4A-C, H-I).
Inside the neural arch, mostly dorsally to the neural canal (inside of the base of the neural
spine) and in some specimens laterally to the neural canal there was a region of occurrence of
secondary trabecular bone (Fig. 4J). Both the cavity and the neural canal were clear cut and
lined with a thin layer of endosteal lamellar bone (Fig. 4E-J). Sharpey’s fibres could be seen
extending throughout the cortex, especially in the dorsolateral and ventrolateral regions of the
centrum (Fig. 4C, G-1).
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Fig. 4. Thin sections of ‘Protanystropheus’ antiquus cervical vertebrae SUT-MG/F/Tvert/2
(A, E, F, H, 1) and GIUS-7-3674 (B-D, G, J). A-C, thin sections in normal transmitted light
(A, B) and in polarised light (C). D, close-up of the internal supporting trabeculae in polarised
light, presenting heavy remodelling. E-F, the lateral cortex of the centrum in polarised light
(E) and polarised light with lambda compensator (F) showing lack of distinctive zonation and
loosely ordered bone structure. G, cortex of the dorsolateral region of the centrum displaying
more pronounced zonation and dorsal internal slanted trabeculae in polarized light. H-I,
cortex of the ventrolateral region of centrum showing radial vascularisation and a well-
developed bundle of Sharpey’s fibres in polarized light (H) and polarized light with lambda
compensator (I). J, the trabecular bone of the neural arch in polarised light. Arrows indicate a
perforation of the neural canal floor. Anatomical abbreviations: elb—endosteal lamellar bone;
ic—internal cavity; nc—neural canal; ns—neural spine; pfb—parallel-fibred bone; pvc—
primary vascular canals; sf—Sharpey’s fibres; st—slanted trabeculae; tb—trabecular bone.

Scale bars for panels A—C equal 5 mm and 0.5 mm for D-J.
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Bone histology and internal structure of vertebrae of Tanystropheus spp.

Anatomy of the middle cervicals

Within all of the studied vertebrae, a large cavity could be identified, surrounded by
relatively thick cortex composed of alternating layers of well-organized parallel-fibred to
lamellar bone (Figs. 5-8). In the anterior and posterior terminal portions of the cervicals, discs
of secondary cancellous bone of endosteal origin formed the articular regions of the centrum
(Fig. 5B-D). Above them, the openings of the neural canal were present. In some of the
middle cervicals the neural canal floor extended only slightly from the openings towards the
middle of the vertebra, forming a shelf that partially separated the internal cavity from the
neural canal (Figs. 5B-E, 6C, F), although in some other of these vertebrae the neural canal
transitioned smoothly into the internal cavity (compare Fig. 6B to Fig. 5B; Fig. 7B). In the
transverse cross section, the inner surface of the bone wall of the internal cavity was generally
parallel to the circumferential outline of the vertebra (Fig. 8A—E). In most of the studied
specimens, the dorsal part of the internal cavity seemed to preserve a semicircular shape in the
transverse cross section, whereas tissue layout of its ventrolateral portion was usually much
less uniform, with an irregular resorption front cutting through multiple annuli (Fig. 8A, C,
E). This was especially evident in larger specimens, whereas in the smallest cervical, the
regions of resorption were much less developed, and the outline of the internal cavity in the

transverse cross section was more regularly oval (Fig. 8B).

The neural spine extended over two deep fossae, located on both of its
anteroposteriorly terminal portions. They were triangular in longitudinal cross section and
ventrally delimited by thin bone trabeculae, that also constituted the roof of the neural canal.
The posterior cavity was larger, forming the ‘postzygapophyseal trough’ (Rieppel 2001).
Contrary to what was observed for ‘P’. antiquus, in none of the studied sections of the
Tanystropheus spp. middle cervicals did the internal cavity contain bony trabeculae extending
internally from the surface of the bone wall. Some semi-symmetrical, slanted trabeculae of
endosteal origin were present only incidentally in the anteroposteriorly terminal sections of
the vertebrae (see Broili 1915: plate 3, fig. 4c). The roof of the neural canal was generally
straight and parallel to the longitudinal axis of the vertebra. The ventral delimitation of the
neural canal was seemingly absent for most of its length within a vertebra. Intriguingly, in one
of the transverse polished sections from the anterior part of U-MO BT 738.00 (Fig. 8F),
minute bony projections appeared symmetrically on each lateral side of the internal cavity.

The colour of the limestone infill of the vertebra changed drastically at the same horizontal
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level, at which these projections were situated. Similar characteristics could be noted for the
transverse thin section of ZPAL V. 36/166 (Fig. 8E), in which corresponding projections
composed of periosteal bone were also present in the dorsolateral regions of the internal
cavity. Between them, there was a sharp transition in sediment fraction, with the more coarse-
grained infill occupying the ventral-more space. Presence of this feature possibly shows the
differences in taphonomical microenvironments of the ventral and dorsal portions of the
internal cavity, which may have been caused by the original existence of a no longer
preserved barrier between them. Near the anteroposterior midpoint of the middle cervicals,
two symmetrically placed foramina were located on the ventral side of the centrum. They
entered the internal cavity as straight canals (Fig. 8B, E), perforating the dense cortex. While
in ‘P’. antiquus the neural spine was easily identifiable, it was much less recognisable in the
middle cervicals of Tanystropheus spp. It was impossible to demarcate the border between the
neural arch and the vertebral centrum—they were completely fused, with no preserved
remnants of the suture between them, even in the smallest specimens, and little to no

trabeculae within the neural arch.

Continuous layers of dense parallel-fibred tissue sheathed the internal cavity. In the
middle section of the larger middle cervicals of Tanystropheus spp. the outermost of these
zones formed complete rings, whereas the ones located innermost were discontinued only due
to resorption of the region ventral into the internal cavity, as well as the presence of the neural
spine (Fig. 8A, C, Fig. 9B). In some of the studied transverse thin sections, including the
smallest specimens, the spinous process was developed only as a thin, vertically oriented
plate. It was located directly above the internal cavity and emerged from the parallel-fibred
tissue of the bone walls in the dorsalmost portion of the vertebra, projecting slightly from the
smooth outline of the transverse cross section. In the smallest specimen from Miedary, ZPAL
V. 36/181, the neural spine was never overlain by parallel-fibred bone (Fig. 8B). In all of the
larger specimens from Miedary, the anteroposteriorly middle part of the spinous process was
obscured by thick layers of tissue that formed the walls of the internal cavity. Compared to
what was noted for ‘P’. antiquus, the dorsolateral regions of the Tanystropheus spp. cervicals
were thickened (see Fig. 9). The neural spine was, thus, not relatively reduced in the latter, but
rather embedded within the walls of the tubularly structured vertebra. As a result, the neural
canal was located close to the middle of the height of the vertebra, as in ‘P’. antiquus.
However, in Tanystropheus spp. there was more tissue dorsolaterally (see Fig. 9), due to the

neural spine being hypertrophied along the middle section of its anteroposterior length.
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Fig. 5. Middle cervicals of Tanystropheus conspicuus: A, B, D—ZPAL V. 36/101; C, E, F—
ZPAL V. 36/102; Ais a surface model in left lateral view. B, C, longitudinal CT cross sections

of an anterior (B) and a posterior portion (C) of the vertebra. D, E, F, transverse CT cross
sections. Sectioning planes and walls of the neural canal and internal cavity have been
outlined with white dashed lines, with the lines signifying the sectioning planes being thicker
than the internal cavity outline. Anatomical abbreviations: ic—internal cavity; nc—neural

canal; ns— neural spine; poz—postzygapophysis; prz—prezygapophysis.
Anatomy of the posterior cervicals

In Tanystropheus, the external morphology of the cervicals changed near the posterior
subregion of the neck. The 10th and 11th vertebrae were still elongate, but, contrary to the

middle cervicals, exhibited a well exposed, relatively tall and continuous neural spine (Fig. 6).
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The two last cervicals were relatively much shorter (Fig. 6B, C), and more similar in
proportions to the dorsals (Rieppel et al. 2010; Rytel et al. 2024). This transition was paired
with the modifications in the internal structure of these elements. The relative volume
occupied by the trabeculae within the centra increased caudally, especially along the neck-
torso transition. In the middle cervicals the centrum was nearly devoid of trabecular bone, but
this changed within the more posterior vertebrae, with the last two cervicals and the dorsals
exhibiting sparse trabeculae occupying the space between the articular discs.

Fig. 6. Vertebrae of Tanystropheus conspicuus: A, E, I—ZPAL V. 36/106, 11th cervical; B, F,
J—ZPAL V. 36/108, 12th cervical; C, G, K—ZPAL V. 36/110, 13th (last) cervical, D—ZPAL
V. 36/1036, dorsal; H, L—ZPAL V. 36/112, dorsal. A-D, surface models in left lateral view.
E—H, longitudinal CT cross sections. I-L, transverse CT cross sections. White dashed lines
mark the sectioning planes (yellow) and walls of the neural canal and internal cavity (white).
Anatomical abbreviations: ic—internal cavity; nc—neural canal; ns—neural spine; poz—
postzygapophysis; prz—prezygapophysis. Scale bars equal 2 cm for A-H, and 1 c¢cm for the

other panels.
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The 10th and 11th vertebrae were generally similar in their anatomy to the middle
cervicals, with their internal cavities being surrounded by a dense cortex, forming a tube-like
structure (Fig. 61). However, in the succeeding vertebrae the internal cavity was greatly
reduced and exhibited much thicker walls, composed of two regions: a relatively thin cortex
and porous, cancellous bone encompassed by it. Especially in the middle portion of the
centrum of the last two cervicals, there were several large chambers, similar to those present
in the anteroposteriorly terminal portions of the more anteriorly located vertebrae (Fig. 8D).
Some of them connected to the neural canal through its floor (Fig. 6E, F, H, I). The transverse
cross sections of the posteriormost cervicals were less oval than in the preceding vertebrae,

with the centrum being much more ventrally expanded, forming a distinct keel (Fig. 6J, K).

The diameter of the neural canal was relatively constant along the length of each of the
two last vertebrae. In the longitudinal cross section, it had a sagging appearance, with its
middle portion being located more ventrally. In the transverse cross section, it was oval, with
its dorsolateral regions being roughly semicircular and symmetrical in outline (Fig. 6J, K). A
similar shape could be noted in the anteroposteriorly terminal sections of the rest of the
postaxial cervicals, in which the neural canal floor was still present (e.g. Fig. 8D), and also in
the dorsal vertebrae (Fig. 6L). In each of the two posteriormost neck vertebrae of
Tanystropheus conspicuus, up to two small subcentral foramina could be traced, with some
specimens exhibiting only one subcentral for- amen or none at all. In the studied
posteriormost cervical ZPAL V. 36/110, a straight, non-branching canal connected the one
present foramen with the neural canal (Fig. 10). The dorsal vertebrae were generally similar to
the posteriormost cervicals in their internal anatomy. They differed in a complete lack of
subcentral foramina. Moreover, the neural canal of the dorsals extended anteroposteriorly
straight, with its roof and floor remaining on a relatively constant horizontal level (Fig. 6H).
Its transverse cross section was similar in shape to the posteriormost cervicals, but more
regular. Congruently to what could be observed in the 12th and 13th cervical vertebrae, the
internal portion of the centrum was composed of sparsely distributed trabeculae containing a

large number of cavities, some of which opened to the neural canal through its floor.
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Fig. 7. Internal cavity volume in the cervical vertebrac of ‘Protanystropheus’ antiquus
MGUWTr 3895s (A) and Tanystropheus conspicuus ZPAL V. 36/181 (B). ic—internal cavity.
Images obtained using ‘xray’ shader in MeshLab v.2020.12 (Cignoni et al. 2008).

Vertebral histology

The histological characteristics of the studied vertebrae of Tanystropheus spp. were
congruent with the results of the study performed by Jaquier and Scheyer (2017 and the
supplemental data provided therein). New data presented herein expand our knowledge on the
anteroposterior and ontogenetic variation of their structure. The walls of the internal cavity
were built of primary compact lamellar to parallel-fibred matrix of periosteal origin. Some
intervals with decreased vascularisation could be traced within these bone walls—they formed
ellipsoidal annuli that alternated with more vascularized zones in parallel to the circumference
of the vertebra (see Jaquier and Scheyer 2017). Closer to the terminal portions of the
anteroposterior length of the cervicals, the tissue composition changed, with the internal
cavity being dorsolaterally lined with secondary endosteal lamellar bone (Fig. 8H) and the
ventrolateral portions of the bone centrum not exhibiting the regular annuli, but rather being
nearly completely composed of endosteal lamellar bone scattered with secondary osteons and
erosion cavities of varying size, forming a net of sparse trabeculae (Figs 5B-D, 8D, G). The
core of the neural spine in larger specimens was highly remodelled with longitudinally
oriented secondary osteons. Simple primary vascular canals extended radially in the middle
part of the vertebrae, but became more longitudinally oriented, larger, and less organised in
the anteroposteriorly terminal portions. The number of vascular canals was also smaller in the

more compact sections of the cortex within a single cross section.
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Fig. 8. Transverse cross sections through the cervicals of Tanystropheus conspicuus. (A),
ZPAL V. 36/150, middle cervical, middle portion; (B) ZPAL V. 36/181, middle cervical,
middle portion; (C) ZPAL V. 36/193, middle cervical, middle portion; (D) ZPAL V. 36/1099,
10th cervical, posterior portion; (E) ZPAL V. 36/166, 10th cervical, middle portion; (F) UMO
BT 738.00, 11th cervical, anterior portion; (G) ZPAL V. 36/1099, 10th cervical, posterior
portion, close-up on the right ventrolateral portion of the vertebra with bundles of

longitudinally oriented secondary osteons; (continued on the next page)
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(H) ZPAL V. 36/156, middle cervical, middle section, close-up on the base of neural spine
with the endosteal bone lining. A, C, D, E, G, H, thin sections viewed in polarised light. B,
pnCT image. F, polished section. Anatomical abbreviations: elb—endosteal lamellar bone; ic—
internal cavity; nc—neural canal; ns—neural spine; scf—subcentral foramen; so—secondary
osteons; tb—trabecular bone. Scale bar equals 2 mm for B, G, H, and 5 mm for the other

panels.

Discussion

Ontogenetic age of the studied specimens

Microanatomical characteristics of ZPAL V. 36/181, the smallest vertebra in the
analysed Tanystropheus spp. sample, advocate for a young ontogenetic age of this individual.
Even though some evident zonation can be identified throughout the transverse cross sections,
the annuli are mostly preserved as nearly complete ellipsoids that extend parallel to the
external outline of the bone. A much smaller extent of resorption of both the walls of the
internal cavity and the highly vascularised tissue of the neural spine can be observed
(compare Fig. 8B to the larger individuals in the same figure). Notably, ZPAL V. 36/181 is the
only analysed representative of the genus Tanystropheus in which the vestigial neural spine is
not overlain by the continuous parallel- fibred tissue layers at any point along its
anteroposterior length. These characteristics are congruent with the interpretation of Jaquier
and Scheyer (2017), who suggested that in the middle section of the vertebrae of older
individuals the spinous process grew relatively slower than the rest of the vertebrae, and was
overlain by additional periosteal bone, as we see in the larger vertebrae studied herein. Thus,
it can be assumed that the size variation of the analysed cervicals is a result of presence of
individuals at different ontogenetic stages, additionally broadening the scale of insights
obtained from the sampled specimens. Detailed studies on microanatomical and histological
changes throughout ontogeny, including skeletochronology, require more detailed sampling

along the anteroposterior axis of the vertebrae and between each vertebra in a sequence.
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Fig. 9. Interpretative drawings of the internal anatomy of a cervical vertebra of
‘Protanystropheus’ antiquus (A) and a middle cervical of an adult individual of Tanystropheus
(B) shown in the transverse cross section near the midpoint of their anteroposterior length

Interpreting the internal anatomy of the tanysaurian cervicals

In accord with previous works (von Meyer 1847-1855; von Huene 1907-1908;
Edinger 1924; Wild 1973; Spiekman et al. 2020b), our observations confirm the presence of a
large, open cavity that occupies most of the volume of the centrum (see Fig. 7) within the
cervical vertebrae of Tanystropheus spp. and ‘P’. antiquus. The presence of the cavity in all of
the cervicals studied herein, together with the structure of the cortex and the state of
preservation of continuous, undamaged slanted trabeculae spanning across the cavity (in ‘P’.
antiquus) indicate that this empty space did not originate from the post mortem dissolution or
destruction of the trabecular bone (contra Broili 1915). In Tanystropheus spp., the middle
portion of the vertebral centra was not filled with spongiosa in vivo, as there are no signs of
abrasion on the inner walls of the internal cavity, regardless of specimen size. In U-MO BT
738.00, previously described by Broili (1915), the trabeculae are present due to the sampling
location—in the anteroposteriorly terminal portions of the posterior cervicals they occur much
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more commonly (e.g., Fig. 8D). The neural canal floor seems to be non-continuous in some of
the specimens studied herein. Many birds and some non-avian saurischian dinosaurs have
foramina in the neural canal that connect to pneumatic chambers in the vertebrae (Wedel et al.
2014). They tend to be located in the lateral or dorsal walls of the canal, although small
foramina in the ventral floor of the canal are occasionally present in pelicans (Pelecanus) and
large ratites (Struthio, Dromaius, Rhea). Those foramina are proportionally smaller than the
gaps in the floor of the neural canal in ‘P’. antiquus, and in the dorsals and posteriormost
cervicals of Tanystropheus spp. We are unaware of large gaps in the walls of the neural canal
in apneumatic vertebrae. This may be a feature unique to tanysaurians, although more work
on the internal structure of vertebrae in other archosauromorphs will be required to adequately

assess that possibility.

None of the studied middle cervicals of Tanystropheus spp. exhibit any traces of the
bony neural canal floor being present within their anteroposteriorly middle portion. Some
support for the neural canal being ventrally delimited from the internal cavity with soft tissue
can be observed in two of the studied specimens—U-MO BT 738.00 and ZPAL V. 36/166.
Despite different sedimentation characteristics of the two source localities (calcareous vs.
argillaceous), their rock infill was preserved as if two taphonomic microenvironments were
present in the internal cavity, indicating that it might have been horizontally partitioned by a
barrier that diversified the rock infill. In both specimens the outline of the more dorsally
located portion is ellipsoidal and resembles the shape and proportions that would be expected
for a neural canal cross section. Thus, through parsimony and some taphonomic evidence, we
hypothesise that the neural canal in Tanystropheus spp. was ventrally delimited from the
internal cavity not with bony trabeculae, but rather by a functionally analogous non-
mineralized tissue barrier. Even in the two posteriormost cervicals, the neural canal seems to
have been underlain with a layer of soft tissue, as can be determined by its ventrally varying
outline. The neural canal anatomy of ‘P’. antiquus might approach morphology intermediate
between the plesiomorphic condition of diapsids (fully ossified neural canal floor) and the
condition observed in Tanystropheus spp. The cervicals of ‘P’. antiquus exhibit different
degrees of ossification of the neural canal floor, from mostly absent (e.g. MGUWTr 3902s) to
nearly fully ossified, but with some gaps (e.g. MGUWTr 3889s). This reflects the presence of
an already highly modified vertebral anatomy among the early branching tanysaurians, and

even more derived features occurring in later forms (Tanystropheus spp.).
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Comparison of the studied vertebrae with the cavernous bone of other animals
Cavernous bone tissue is widespread among different vertebrate groups. In
avemetatarsalians, this type of bone contains pneumatic diverticula, which are extensions of
the lungs and air-sac system (King 1966; Duncker 1971; O’Connor 2004, 2006, 2009;
O’Connor and Claessens 2005; Butler et al. 2012). Cavernous bones occur also in the skulls
of mammals and archosaurs (pneumatic spaces; e.g., paranasal and paratympanic sinuses), as
well as in various postcranial skeletal elements in theropods, sauropods, and pterosaurs,
especially in the vertebrae (Wedel 2003a, b, 2005; Cerda et al. 2012; Williams et al. 2021;
Fronimos 2023; Aureliano et al. 2024). The vertebrae of the studied tanysaurians are distinct
from the typical cavernous bone of tetrapods, and, despite sharing the presence of very
considerable cavities, there are also several important differences between the internal
anatomy of the cervicals of tanysaurians and avemetatarsalians. The chambers in the vertebrae
studied herein grade evenly from the large central cavity that occupies virtually the entire
centrum at its midpoint, through a complex network of trabeculae toward the
anteroposteriorly terminal portions of the vertebrae. That level of heterogeneity in chamber
size is not seen in pterosaurs (see Buchmann et al. 2021; Williams et al. 2021), nor in extant
birds—the closest analogue among pneumatic vertebrae would be the polycamerate and
semicamellate vertebrae of some sauropod dinosaurs, which have large open chambers at the
mid-centrum (camerae) that grade into smaller, thin-walled chambers near the extremities of
the centrum (camellae; Wedel et al. 2000; Wedel 2003a). In these sauropod vertebrae, the
smallest pneumatic chambers are still much larger than the trabecular spaces of apneumatic

vertebrae from the same taxa (e.g., Wedel 2005: fig. 7.7).

The smallest pneumatic spaces in the vertebrae of birds and pterosaurs approach the
size of trabecular spaces in apneumatic, marrow-filled bone, but the size of the pneumatic
spaces tends to be consistent throughout the internal structure, giving the vertebrae a
honeycombed appearance—the fully camellate condition described by Britt (1993), Wedel et
al. (2000), and Wedel (2003a). Criteria for diagnosing pneumaticity in fossil vertebrates have
been reviewed by many authors (Janensch 1947; Britt 1993; Witmer 1997; Wedel 2003a, b,
2005, 2007; O’Connor 2006; Butler et al. 2012; Yates et al. 2012). Most of the uncertainty in
diagnosing pneumaticity is in regard to external fossae, which are pneumatic in some cases,
but may also be associated with other soft tissues, including muscle, adipose deposits, and
cartilage (O’Connor 2006). All of the cited authors agree that the least ambiguous evidence of
pneumaticity is the presence of large internal chambers connected to large external foramina.
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Even here there is some uncertainty due to the considerable overlap in size between the
largest neurovascular foramina and the smallest pneumatic foramina—see in particular the
different views of Britt et al. (1998) and O’Connor (2006) on vertebral pneumaticity in
Archaeopteryx lithographica. Butler et al. (2012) provided some clarification, noting that
neurovascular foramina typically maintain the same diameter along their course (length
exceeds diameter), whereas most pneumatic foramina open into chambers that are larger than

the foramina (diameter exceeds length).

Foramina with possibly pneumatic affinities were not reported in any tanysaurians, nor
in non-avemetatarsalian archosauromorphs as such (Spiekman et al. 2021 and the references
cited therein). Numerous straight, narrow, not anastomosing canals, mostly located in the
anteroventral region of the centrum, cross the cortical bone of the vertebrae of the studied
tanysaurians and open into the internal trabecular spaces. In size, number, spacing, and
geometry, they are more consistent with neurovascular foramina than with pneumatic
foramina. On the ventral side of most of the postaxial cervicals of Tanystropheus spp., near
their anteroposterior midpoint, one or two anteroposteriorly elongate foramina are present,
occupying both lateral sides of the ventral keel (see Figs 8B, D, 9-11). In ZPAL V. 36/110, a
posteriormost cervical of Tanystropheus conspicuus, a canal that forms from one of these
foramina perforates the ventral surface of the centrum and the floor of the neural canal, with
no visible branching along its tract. Thus, the mentioned foramen and, as an extension, all
other similar openings in the cervicals of Tanystropheus spp. are not associated with
pneumatisation. Moreover, the geometry of internal cavities in the taxa studied herein also
suggests that they were not filled with air. Therefore, we recognize no evidence for the

presence of pneumaticity in tanysaurians.

Apneumatic vertebrae with a heterogeneous internal structure like that of the
tanysaurian vertebrae are known in other animals. In particular, Butler et al. (2012)
documented very similar internal structures in the vertebrae of Varanus komodoensis,
Chelonoidis nigra, and Alligator mississippiensis. Their description of the internal structure of
the alligator vertebrae is strikingly similar to that of ‘P’. antiquus, as well as the posterior
cervicals and dorsals of Tanystropheus spp. (see Butler et al. 2012: p. 4-6). Furthermore, the
CT cross sections of vertebrae of Varanus komodoensis and Chelonoidis nigra show large
cavities similar to those reported herein, which are apneumatic and filled with marrow in life.
Thus, the internal cavities of tanysaurians were most likely filled with soft tissue, probably

with bone marrow (Fig. 11), following the hypothesis of Dzik and Sulej (2016), who
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suggested that the vertebrae were filled with fat. In many animals (including humans), the
hematopoietic (blood-forming) ‘red marrow’ in the trabecular spaces of long bones grades
into the ‘yellow marrow’ (with a high content of adipose tissue) in the shafts (Maniatis et al.
1971; Gurevitch et al. 2007). The composition (e.g., fat content) and volume of the soft tissue
contained within the skeletal internal cavities might be dependent on lifestyle of an animal
and changes through its ontogeny (see Krahl et al. 2013). Thus, with the currently available
data, we cannot confidently identify the exact tissue that occupied the large vertebral internal
cavities in tanysaurians. Importantly, Butler et al. (2012) have also demonstrated that at least
in some other early non-tanysaurian, non-archosauriform archosauromorphs (e.g. the
rhynchosaur Stenaulorhynchus) the interior of the vertebrae was composed of densely packed
trabecular bone with no large empty spaces. Studies on the skeletal internal morphology of
other non-archosauriform archosauromorphs are thus needed to further investigate the
phylogenetic distribution, evolution, and function of the intervertebral cavities, as well as their
connection with the origin of pneumatisation. Recent analyses have shown that vertebral
pneumaticity has evolved independently in pterosaurs, theropods, and sauropods (Aureliano et
al. 2022, 2024). It is perhaps possible that the large marrow-filled cavities observed in
tanysaurians were more widespread in early archosauromorphs and only later, in certain
lineages, were invaded by the diverticula of the air-sacs, thus potentially being a feature that
was exapted for vertebral pneumaticity by some avemetatarsalians. A similar developmental
process of bone marrow substitution by invading diverticula occurs postnatally in birds
(Schepelmann 1990).
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Fig. 10. Longitudinal cross section of ZPAL V. 36/110, 13th (last) cervical vertebra of

Tanystropheus conspicuus, showing the course of the arterial canal (locations of its end
sections are indicated with arrows). The anterior end of the vertebra points towards the left.

Anatomical abbreviations: nc—neural canal; ns—neural spine.

Role of the subcentral foramina in Tanystropheus spp.

The foramina present on the ventral side of most of the postaxial cervicals of
Tanystropheus conspicuus were already noticed by von Meyer (1847-1855). Wild (1973)
described them in more detail, interpreting them as subcentral foramina. The 11th cervical is
the last vertebra in which they are well outlined. In the much less elongate 12th and 13th

cervicals, their size declines greatly, and in some specimens one or both of the foramina are

178



absent (AR pers. obs.). They are not present in the dorsals (AR pers. obs.). Therefore, some
correlation can be noted between the elongation of a vertebra and the presence and size of the
aforementioned foramina. Interestingly, paired foramina of vascular origin, located on the
ventral side of cervical vertebrae are also characteristic of another group of long-necked
aquatic reptiles—the pistosauroids, especially plesiosaurs (Wintrich et al. 2017). In
plesiosaurs, these foramina are a result of the persistence of the intersegmental arteries
(Wintrich et al. 2017), yet it would be difficult to confirm a similar interpretation in the
middle cervicals of Tanystropheus spp. due to the course of the presumed arteries not being
preserved in the hollow vertebrae. However, as previously mentioned, the CT-scan of the
posteriormost cervical ZPAL V. 36/110 reveals that the canal originating from the foramen is
straight and directly connects the ventral surface of the centrum with the neural canal. This
demonstrates the existence of intersegmental arteries within the described specimen, and, as
an extension, in all postaxial cervicals of Tanystropheus spp. in which the subcentral foramina
are present. Similar interpretation of the genesis of these subcentral foramina was formulated
by Wild (1973).

Fig. 11. Artistic reconstruction of a cross section through the posterior portion of a middle
cervical vertebra of Tanystropheus conspicuus with hypothetical soft tissue layout included.
Artwork by Jakub Zalewski.

It can also be hypothesised that the size and occurrence rate decrease of the subcentral
foramina in the anteroposteriorly terminal cervicals of Tanystropheus spp. is connected with
their relatively shorter length. It seems that there was a much stronger selective pressure

towards consistent persistence of intersegmental arteries in the longest vertebrae. Convergent
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evolution of this feature in Tanystropheus spp. and pistosauroids, two taxa of long-necked
aquatic reptiles employing extremely disparate strategies of achieving neck elongation (see
Rytel et al. 2024) is intriguing. Its adaptive role remains enigmatic, but could be connected
with providing sufficient cerebral blood supply (see Wintrich et al. 2017). If the voluminous
internal cavity of tanysaurian vertebrae was filled with soft tissue, an adequate vascularisation
must have also been present there. This could additionally explain the size and occurrence rate
decrease of the subcentral foramina in the shortest anterior- and posteriormost cervicals of
Tanystropheus spp.— soft tissue volume was (relatively) much lower there than in the
vertebrae from the middle section of the neck. Thus, the existence of large foramina on these
elongate cervicals might be analogous to what can be observed in some appendicular bones
(humeri, ulnae, femora, etc.) that also tend to have one or several larger nutrient foramina
allowing access for the nutrient arteries and veins into the bone. Although no branching can
be noted for the fully preserved arterial canal (Fig. 10), it cannot be ruled out that in the
middle cervicals the vasculature entering the centrum though the subcentral foramina
diverged into the tissue of the internal cavity.

Phylogenetic distribution and function of the unique cervical anatomy

Presence of a large internal cavity within the cervical vertebrae can be confirmed in all
of the tanysaurian taxa in which the 3D preserved material was available for study—
Tanystropheus spp., ‘P’. antiquus, Augustaburiania vatagini, Macrocnemus bassanii, Ozimek
volans, Tanytrachelos ahynis, and the Moenkopi Formation and Homestead tanystropheids, as
well as the putative tanysaurians Czatkowiella harae and Microcnemus efremovi (AR pers.
obs.; von Huene 1940; Dzik and Sulej 2016; Formoso et al. 2019; Miedema et al. 2020;
Spiekman et al. 2021; Heidenfelder et al. 2023). The tubular structure of the elongated
cervical centra can therefore be regarded as a possible synapomorphy of Tanystropheidae.
Absence of the internal cavity has been confirmed only in one known tanysaurian—
Dinocephalosaurus orientalis, in which there seems to be no indication for hollow centra
(Spiekman et al. 2024a). Thus, for now, the tubular structure of the cervicals cannot be
unanimously regarded as ancestral for Tanysauria. Notably, Dinocephalosaurus orientalis
exhibits the highest degree of adaptation to life in open water among the known non-
archosauriform archosauromorphs—the internal anatomy of its vertebrae might therefore have

also been secondarily modified, as in other aquatic amniotes (see Houssaye et al. 2016).
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Interestingly, the presence of the large internal cavity in the vertebrae of
tanystropheids does not seem to be affected by the disparity of their lifestyles, habitats, or
spatial and temporal ranges of occurrence. Although, as exemplified herein, some variation in
its relative size and anatomy should be noted, it would seem that the tubular structure of the
cervicals is related to a character shared by all of the aforementioned taxa—neck elongation.
A similar condition can be observed in another extinct clade of Mesozoic reptiles, the
pterosaurs. Cervicals of tanystropheids, and especially Tanystropheus spp., resemble those of
azhdarchid pterosaurs in their general external morphology (Renesto 2005), despite the
obvious differences between the members of these groups. Shared features include the extent
of vertebral elongation and the low neural spine. The internal vertebral cavities of ‘P’.
antiquus are also structurally similar to the pneumatic bone chambers of pterosaurs in the
presence of intermittent trabeculae spanning across the cavity (Fastnacht 2005; Williams et al.
2021) and marginal trabeculae surrounding the ends of the cavity, but disappearing towards
the mid-shaft (Martin and Palmer 2014). A recent study using CT scanning has revealed that
at least in some azhdarchids the cervicals were structured as a ‘tube within a tube’ (Williams
et al. 2021). Due to their superficial similarity, comparison of the internal anatomy of the neck
vertebrae of tanystropheids and pterosaurs is particularly intriguing, and available for the first

time in detail through the data presented herein.

Our results demonstrate that azhdarchids converged on tanystropheids in the tubular
structure of their cervicals, but detailed study reveals major differences between these
elements. In the analysed vertebrae, the neural canal is wide and voluminous, the centrum is
mostly hollow, with no (Tanystropheus spp.) or crossed (‘P’. antiquus) trabeculae, a mostly
thick and relatively compact cortex, and (in Tanystropheus spp.) an even thicker supraneural
region. In azhdarchids the neural canal is relatively narrow and centrally located within an
essentially hollow vertebra with helically arranged trabeculae roughly radiating away from the
neural canal, a very thin cortex with no apparent differentiation between the centrum and
neural arch, and no evidence of the neural spine (Williams et al. 2021). Thus, although some
analogies exist between these two vertebral morphologies, it can be assumed that they mostly
resulted from biomechanical limitations and plesiomorphic archosauromorph vertebral and
muscular anatomy (general shape of the vertebra). The cervicals of both taxa evolved under
conditions favouring neck elongation, which was achieved not by the adding to the cervical
vertebrae count, but rather by increasing their relative length (Miiller et al. 2010; Rytel et al.

2024). The resulting morphologies are a response to a similar biomechanical problem and
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using similar resources but resulting in a very different solution. In tanysaurians, and
especially in Tanystropheus spp., the tubular structure of the vertebrae was achieved by
replacement of the bony trabeculae of the centrum with soft tissue, which resulted in the
appearance of a large internal cavity, sheathed with a dense bone layer. The redistribution of
bone mass towards the periphery of the vertebra most likely had a mechanical function,
congruent with what was observed in pterosaurs (Fastnacht 2005; Williams et al. 2021).
Hollow, cylindrical bones have increased bending and torsional strength, relative to their
volume (Fastnacht 2005; Cuff and Rayfield 2013; Williams et al. 2021; Toyama et al. 2024).
A heavy, compact cortex is also present in the long bones of birds, partially compromising
their lightness but increasing their strength-to-weight and stiffness-to-weight ratios (Dumont
2010).

In ‘P’. antiquus the relatively thick internal slanted trabeculae spanning across the
internal cavity most likely increased the resistance to buckling (see Williams et al. 2021).
Taking into consideration the ordered layout and heavy remodelling of these trabeculae, their
biomechanical importance is evident. Thus, it can be hypothesised that with the increasing
relative neck length of early archosauromorphs, their vertebrae were adapted to withstand
more and more considerable tensions resulting from bending and torsion on the cervical
column. An extreme result of this trend is well exemplified in Tanystropheus spp., which
among known tanystropheids possessed the (absolutely and relatively) longest neck and
vertebrae. The cervicals of this animal demonstrate a higher degree of modification than its
stratigraphically older or contemporaneous relatives (e.g., ‘P’. antiquus; compare Figs 1 and
2), exhibiting a centrum structured as a cylinder of dense parallel-fibred bone, devoid of
trabeculae, and with a triangularly-ellipsoidal transverse cross section. The decrease of the
amount of bony trabeculae in the middle section of the vertebra was not an apomorphy of
Tanystropheus spp., but rather a character that was widespread among tanystropheids, which
Tanystropheus spp. only expanded on. Although the cervicals of Tanystropheus spp. are
substantially longer than in other tanysaurians, their internal anatomy does not seem to
correlate with further bone mass reduction, but rather achieving a more resistant cylindrical
outline of the centrum. Overall, it should be noted that if the tanysaurian vertebrae were
adapted for minimising mass, the adaptation was probably in the material properties
(especially the densities) of its compact bone and marrow, and not in the overall construction
of the vertebrae, in contrast to the very light, pneumatic vertebrae of pterosaurs and

saurischian dinosaurs.
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Relationship of cervical anatomy to lifestyle in Tanystropheus spp.

Recent studies have nearly unequivocally supported a (semi) aquatic lifestyle for
Tanystropheus spp. (Nosotti 2007; Renesto and Saller 2018; Spiekman et al. 2020a, b;
Spiekman and Mujal 2023), but the lightly built cervicals of those animals could seem, at least
at first glance, to contradict this hypothesis. The vertebrae of secondarily aquatic tetrapods
such as cetaceans, ichthyosaurs, plesiosaurids, and mosasaurids are filled with dense
trabecular bone and lack large open chambers (Dumont et al. 2013; Houssaye et al. 2016;
2018; Sander and Wintrich 2021). The cervicals of Tanystropheus spp. do not show internal
vertebral microanatomy similar to fully aquatic tetrapods, and they also seem to lack the
skeletal osteosclerosis, pachyostosis, or increased bone porosity in cortical bone that are
present in numerous aquatic taxa, depending on the animal’s lifestyle and habitat (Houssaye
2009; Houssaye et al. 2016). However, in most semi-aquatic taxa (e.g., crocodylians), the
internal vertebral organisation is more similar to that in terrestrial animals (see Butler et al.
2012; Houssaye et al. 2016), so the lack of microanatomical characters traditionally
associated with a (semi)aquatic lifestyle does not preclude it. Trachelosaurids, which are a
sister group of tanystropheids (Spiekman et al. 2021, 2024a, b), exhibit a roughly similar
(although considerably less elongate) cervical shape, and yet several taxa from this group are
clearly extensively adapted to an aquatic lifestyle (Liu et al. 2017; Li et al. 2017b; Wang et al.
2023a, b; Spiekman et al. 2024a, b).

Interestingly, a large internal cavity is present in the core of some of the vertebral
centra of Triassic eosauropterygians, especially in nothosaurids (Broili 1915; Klein et al.
2019; AR pers. obs.). This cavity is relatively smaller and less regular than the clear-cut
internal cavities of tanystropheids, but, being ventrolaterally encompassed only by dense
cortex, it follows similar patterns of reorganisation and redistribution of the mass of the
vertebra to its periphery (Klein et al. 2019). Some eosauropterygian vertebrae are similar to
those of ‘P’. antiquus in their internal anatomy and layout of the cavities (compare Fig. 9A
with Klein et al. 2019: fig. 1C). Eosauropterygians exhibited extensive adaptations to an
aquatic lifestyle (Klein et al. 2016). Therefore, it is evident that the presence of a large
internal cavity in the vertebrae does not necessarily indicate a terrestrial lifestyle for an
animal; contrastingly, Klein et al. (2019) interpreted it as a potential paedomorphic adaptation
to life in an aquatic habitat. This constitutes another example of anatomical characters shared
by Tanystropheus spp. and sauropterygians, the others including the hyperelongation of the
neck, teeth layout, and morphology, as well as the here-proven retainment of the
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intersegmental arteries in adult individuals. Notably, remains of Tanystropheus spp. are
virtually always accompanied by remains of nothosaurids (AR pers. obs.). Thus, convergent
evolution of the mentioned features in tanysaurians and early sauropterygians might have

been related to them adapting to similar, or even overlapping, habitats.

Extensive ‘cervicalisation’ of the dorsal vertebrae throughout the evolution of
Tanystropheus spp. resulted in only 12 dorsals being present in the vertebral column of this
animal (Rieppel et al. 2010, Rytel et al. 2024). This number is very low for a non- avian
archosauromorph (see supporting information in Miiller et al. 2010; Rytel et al. 2024),
possibly the lowest among non- archosauriform members of the Archosauromorpha, matched
solely by Pectodens zhenyuensis Li, Fraser, Rieppel, Zhao & Wang, 2017 (Li et al. 2017a).
Therefore, the trunk of Tanystropheus spp. was not only short when compared to its neck, but
generally composed of relatively few vertebrae. With the decrease of the number of dorsals
and the shoulder girdle shifting its location along the body axis, the position of the centre of
body mass was almost certainly also affected. The elongate cervicals, together with the
bundles of nearly completely avascular cervical ribs (Jaquier and Scheyer 2017), might have
contributed to the weight of the anterior portion of the body in a major way. Some researchers
have suggested that the neck of Tanystropheus spp. was lightly built, due to the ‘hollowness’
of the cervicals, and thus allowed for locomotion on land (Renesto 2005; Renesto and Saller
2018). However, the tubular anatomy of these vertebrae does not have to equate to their light
weight, taking into consideration their relatively high compactness. Correspondingly, extant
birds and bats exhibit relatively heavy skeletons (compared to volume) that are resistant to
stress, despite their delicate, slender appearance, and hollow, thin walled long bones (Dumont
2010). Tanysaurians may serve as another, well-fitting example of this phenomenon.
Importantly, anterior displacement of the centre of mass relative to its position in terrestrial
ancestors is one of the key adaptations to an aquatic lifestyle in non-avian tetrapods (Motani
and Vermeij 2021). Thus, the increase of cervical verte- brae count and length, when
compared to other tanystropheids (Rytel et al. 2024), could be interpreted as an adaptation
correlated with the transition to an aquatic environment. However, further studies taking into
account the physical properties of the cervicals of the early diverging archosauromorphs are
needed to fully explore this hypothesis.
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Conclusions

In his original description of Tanystropheus conspicuus von Meyer (1847-1855)
summarised his hypothesis on the neurology of its vertebral column as follows: ‘It is hardly
conceivable that a contraption like the one to which the fossil vertebrae [of Tanystropheus
conspicuus] point should stand alone and have only existed in a prehistoric animal’ [translated
from German]. Contrastingly, research presented herein demonstrates that the cervicals of
some tanysaurians, especially Tanystropheus spp., are characterised by anatomical features
that are unparalleled in any other animals known. Morphology (both external and internal) of
these vertebrae is unique among vertebrates, with some extinct groups (e.g., azhdarchid
pterosaurs, sauropods, sauropterygians) being the most comparable. Strikingly, evolution of
an anatomical modification of such a considerable extent and intensity proceeded quickly—in
the time shortly after (< 10 Mya) the End-Permian Extinction, underlining the fast pace of
morphological diversification of archosauromorphs during this period (Foth et al. 2016;
Ezcurra and Butler 2018). The unique bauplan of Tanystropheus spp. is a result of extreme
evolutionary trade-offs between cervical length, weight, and durability, induced by a selective
pressure towards the transition to an aquatic lifestyle, but constrained by developmental and
structural limitations. Interestingly, the hyperelongation of the neck vertebrae was not shared
by all tanysaurians—in trachelosaurids, the sister group of tanystropheids, an entirely
different strategy of neck elongation is exhibited. This is well exemplified in
Dinocephalosaurus orientalis, a taxon much more extensively adapted to the aquatic lifestyle,
which possessed over 60 presacral vertebrae (with only 25 in Tanystropheus spp.). Our
findings provide further insights into the remarkable disparity of evolutionary innovations
connected with neck elongation in early archosauromorphs. While in ‘P’. antiquus some
trabecular support structures are present within the cervical centra, they are absent in the
middle neck vertebrae of Tanystropheus spp.—with the latter being nearly perfectly
cylindrical in transverse cross section. This tubular architecture, together with the high
compactness of the bone walls in the cervicals of both studied taxa, provided durability and
forced rigidity of the vertebral column. The large internal cavities present in these vertebrae
were filled with soft tissue, most probably bone marrow. Some tanysaurians were similar to
long-necked avemetatarsalians in lightening of their elongate cervicals. Interestingly, they did
so not through vertebral pneumatisation, but rather by evolving a large internal cavity in the
centrum, resulting in hollow, cylindrical verte- brae, morphologically unique among
vertebrates. Tanystropheus serves as an extreme example of this feature, exhibiting major
modifications of not only general vertebrae morphology, but also their histology and
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associated soft tissue layout. Especially noteworthy is the persistence of the intersegmental
arteries in the cervicals of adult individuals of Tanystropheus spp., a unique feature among
archosauromorphs. This character, together with the presence of the large internal cavity
within vertebrae, is shared with sauropterygians, revealing some potential parallels in their
evolution and convergent adaptation to an aquatic life- style in these groups. The internal
morphology of the cervicals of non-tanysaurian early archosauromorphs should be further
explored to trace the evolution and development of the internal chambers within them, as well

as their potential connection with the origin of bone pneumaticity in avemetatarsalians.
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Introduction

Extremely elongate necks have convergently evolved in several amniote lineages,
including both aquatic and terrestrial forms (Fig. 1). The development of such a feature brings
with it advantages in obtaining food items, but also biomechanical challenges, such as
flexibility, stability, lift, and inertia. In Tanystropheus, a particularly long-necked Triassic
archosauromorph, the neck is composed of only 13, mostly extraordinarily elongated and
slender cervical vertebrae and accompanying rod-like, overlapping ribs, making it arguably
the most extreme example of neck elongation in tetrapod evolution (Fig. 1; Wild 1973;
Nosotti 2007, Rieppel et al. 2010; Rytel et al. 2024a, b; Chapter I). Understanding the
function of this remarkable neck provides insights into the limits of neck elongation in
amniotes and the evolution of morphological novelties in Triassic reptiles. Here we present
the first quantitative biomechanical analysis of the Tanystropheus neck using a digital model
based on three-dimensionally preserved bones. We assessed its range of motion (ROM) and

performed finite element analysis (FEA) on the individual cervical ribs and the neck model in
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different configurations. Our results indicate that the neck of Tanystropheus was not
extremely stiff, as previously postulated, and the ribs likely did not impair its movements.
They transferred tensile forces towards the base of the neck, similar to what hypothesised for
sauropods (Christian and Dzemski 2007). This study elucidates the bauplan of an extremely
specialised animal and brings us closer to understanding the patterns of achieving neck

elongation in vertebrates.

Fig. 1. Comparison of the cervical vertebral column anatomy of some long-necked tetrapods.
Reconstructions not to scale. Based on: Tanystropheus conspicuus — Rytel (Chapter I);
Dinocephalosaurus orientalis — Spiekman et al. (2024a); Mamenchisaurus youngi — Pi et al.
(1996), Ouyang and Ye (2002); Struthio camelus — Mivart (1874); Quetzalcoatlus — Padian et
al. (2021); Chelodina longicollis — Herrel et al. (2007); Albertonectes vanderveldei — Kubo et
al. (2012), Sachs et al. (2018); Giraffa camelopardalis — Badlangana et al. (2009). The
numbered nodes correspond to the following taxa: 1. Tetrapoda; 2. Diapsida; 3.

Archosauromorpha; 4. Tanysauria; 5. Avemetatarsalia; and 6. Saurischia.
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Materials and methods

Specimens

To analyse the neck biomechanics of Tanystropheus we gathered digital
representations (watertight surface models) of the anterior portion of its axial skeleton. These
include the skull, cervical vertebrae, the corresponding ribs, as well as the first dorsal
vertebra, which originated from two species of Tanystropheus. The skull and the atlas-axis
complex originated from PIMUZ T 2790, the holotype of Tanystropheus hydroides described
by Spiekman et al. (2020a, b).

To differentiate the anterior, middle, and posterior subregions of the neck we followed
Rytel et al. (2024a, but see also Chapter I). The models of ribs and most postaxial vertebrae
derive from various specimens of Tanystropheus conspicuus from the Ladinian site of
Miedary, Poland (Czepinski et al. 2023), and were first presented in Rytel (Chapter I;
Appendix ). They are freely available at MorphoSource:
https://www.morphosource.org/projects/000774422. The morphology of the 11" cervical

vertebra of T. conspicuus was reconstructed based on SMNS 84821 from Schwingen,

Germany (see Rytel et al. 2024b; https://www.morphosource.org/concern/media/000668709).

All mentioned specimens, excluding PIMUZ T 2790, were isolated specimens with excellent
three-dimensional preservation. Measurements of the angles between the articular surfaces of
the centrum and its ventral margin in lateral view were taken from all postatlantal vertebrae
used in the analyses. These data were compared with the curvature reconstructed in the

model, to assess if the retrieved posture is supported by the osteological correlates.

Additionally, two cervical ribs of Tanystropheus conspicuus from Miedary (the shaft
of ZPAL V. 36/1013 and the articular region of ZPAL V. 36/1092) were thin sectioned to gain
insights into their internal anatomy. Their histology was then compared with other cervical rib
thin sections available for Tanystropheus (Fig. 2).
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Fig. 2. Histology of the cervical ribs of Tanystropheus. Transverse (A—G) and longitudinal
(H) cross sections through the shaft (A-D, H) and the articular portion of the rib (E-G) in
normal transmitted (A, C-G) and cross-polarised light (B, H). A, H — SMNS 54057 (T.
conspicuus). B - PIMUZ T 1277 (T. longobardicus). C — PIMUZ T 2789 (Tanystropheus sp.).
D — ZPAL V. 36/1013 (T. conspicuus). E-F — PIMUZ T 2784 (Tanystropheus sp.). G — ZPAL
V. 36/1092 (T. conspicuus). See Wild (1973), Jaquier & Scheyer (2017), and Appendix | for
stratigraphic and topographic data concerning the specimens. Scale bars equal 5 mm.
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Skeletal reconstruction

The anterior portion of the axial skeleton of Tanystropheus was reconstructed in
Blender 4.5. Vertebral models were created by mirroring the better preserved lateral halves of
the postatlantal vertebrae along the sagittal plane. Isolated middle cervical vertebrae of
Tanystropheus cannot be unequivocally referred to a specific position in the vertebral column
due to their similar morphology, and no specimen preserves all of them in three dimensions
(Rytel et al. 2024a; Chapter I). Instead, ZPAL V. 36/1078 was used to represent the cervical
vertebrae three to nine (the same model was used in different scales). Shafts of the rib pairs
associated with the anterior eleven vertebrae were reconstructed by adding an elongated
cylindrical extension to the articular head. The capitulum of the ZPAL V. 36/1000 rib was
reconstructed, and the orientation of the capitulum of ZPAL V. 36/1251 was changed to
counteract the slight compression of the specimen.

The size of all individual elements was scaled to fit the proportions present in the
complete, large individual of T. hydroides PIMUZ T 2818 (Fig. 3), which preserves a nearly
complete anterior part of the axial skeleton (see Table 1 for measurements). Measuring the
total cervical rib lengths in Tanystropheus is difficult due to their fragility and preservation in
bundles. In the reconstructed model the rib lengths were adjusted to mirror how many rib
pairs are present along different sections of the neck of PIMUZ T 2818, even if the visible

elements cannot be directly traced to their articulation with the associated vertebrae.
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Fig. 3. Articulated specimens of Tanystropheus with varying curvature of the neck.

Positioning of the vertebrae was based on the orientation of the articular surfaces. We
analysed the neck motions with respect to the first dorsal vertebra, which was kept immobile.
Only two vertebrae were shown at a time to minimise preconceived notions (Mallison 2010;
Vidal et al. 2024). Each cervical vertebra was positioned so that the articular surfaces of its
postzygapophyses are aligned as parallel as possible to the corresponding surface of the
prezygapophyses of the more posterior vertebra, and so that the overlap between them is
maximised. The position of the vertebra was then further vertically adjusted, to make the
corresponding articular surfaces of the centra face each other (to the maximal extent possible
without the models intersecting). Ribs were articulated to the vertebrae and the morphology of
their shaft was modified to mirror the curvature of the neck. The ribs from one lateral side of
the vertebral column were then mirrored to the other. Each succeeding rib pair was positioned
dorsolaterally to the pair preceding it. After assembling, the entire model was scaled to match
the size of large T. conspicuus individuals (Chapter 1), from which the isolated elements
originated, and measured 325 cm in total anteroposterior length. The resulting model served

as the osteological neutral pose for the analyses.
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Table 1. Measurements of vertebrae and ribs of a large T. hydroides individual PIMUZ T
2818 and the corresponding specimens used to reconstruct them within the biomechanical
model. Cervical ribs lengths include only the visible portion of the element (minimal length),

usually without the distal end of the shaft.

Element | Length [mm] | Specimen model used Notes
CVv2 68 PIMUZ T 2790
Cv3 170 ZPAL V. 36/1078
Cv4 221 ZPAL V. 36/1078
CV5 217 ZPAL V. 36/1078
CV6 230 ZPAL V. 36/1078
Cv7 228 ZPAL V. 36/1078
Cvs 257 ZPAL V. 36/1078
CV9 246 ZPAL V. 36/1078
CV10 239 ZPAL V. 36/186a
Cvil 178 SMNS 84821
CV12 78 ZPAL V. 36/1209
CVv13 ol ZPAL V. 36/2485
DV1 43 ZPAL V. 36/1249
CR2 345 ZPAL V. 36/2433
CR3 609 ZPAL V. 36/2433
CR4 745 ZPAL V. 36/2433
CR5 870 ZPAL V. 36/2433
CR6 954 ZPAL V. 36/2433 Shaft reconstructed
CR7 996 ZPAL V. 36/2433
CR8 866 ZPAL V. 36/2433
CR9 737 ZPAL V. 36/2433
CR10 532 ZPAL V. 36/2433
CR11 278 ZPAL V. 36/1019
CR12 96 ZPAL V. 36/1000 Capitulum reconstructed
CR13 82 ZPAL V. 36/1251 Capitulum orientation adjusted

Rigid kinematic analysis
The ROM analysis was performed with a Blender plugin MuSkeMo (van Bijlert 2024;
https://github.com/PashavanBijlert/MuSkeMo), using a rigid body kinematic approach. The

aim of this analysis was to recover the general patterns of neck mobility in Tanystropheus and
assess how it could be affected by the cervical ribs. A centre of rotation (joint) was created at
the midpoints between each pair of centra. To uniformise the joint placement along the neck,
landmarks were added to mark the most anterodorsal, anteroventral, posterodorsal, and
posteroventral points on the centrum. The position of the centre of rotation was set to the

average location of the four mentioned landmarks placed on the corresponding articular

193


https://github.com/PashavanBijlert/MuSkeMo

surfaces. Joint axes were aligned with respect to each posterior vertebra from the pair as
follows: positive x was aligned with the long axis of the vertebra and pointed anteriorly,
positive z was oriented mediolaterally and pointed to the right, and positive y pointed
dorsally. To achieve this, we fitted cylinders to the vertebral bodies using MuSkeMo’s “Fit
cylinder” function, and transferred these orientations to the joints. Bodies were created for
each vertebra, and then tied with the joints as the child (preceding) and parent (succeeding)
elements, to establish the proximodistal hierarchy of the vertebrae. The atlas-axis complex
and the skull were treated as a single rigid element. Two variations of the resulting model
were used - with and without the cervical ribs. The ribs were fused with the vertebra, with no

movement allowed in the articulation between them.

ROM was checked by employing a script included in MuSkeMo that rotates the entire
section of the neck anterior to a given joint around its centre of rotation by one degree at a
time, until any meshes intersect. Script traversed anteriorly from the most posterior joint (first
dorsal vertebra/13th cervical vertebra), recording the last rotation value reached before the
intersection for each joint. Maximum ROM was tracked by summing the rotation values
reached for the X (torsion), Y (lateral flexion), or Z (dorsoventral flexion) axes of each joint.
The maxima were, thereby, the differences in rotation between the osteological neutral pose
and the ending pose of the atlas-axis complex and the skull. If the results were asymmetric,

the higher maximum ROM value was used.

Finite element analysis

In order to test the flexibility of the neck, three different biomechanical simulations
were performed using FEA: (1) a simulation of an isolated cervical rib to test its bending
properties, (2) a simulation of the entire neck with cervical ribs, and (3) the same as two but
without cervical ribs. For the FEA of the isolated rib, two straight cervical rib models with
different shaft length were tested. For analysis setup and pre-processing, the models were
imported into Hypermesh (version 11, Altair Engineering). Solid mesh models were generated
from surface models each consisting of ca. 1.5 million elements. In the absence of material
properties for reptilian rib bone, properties derived from the biomechanical modelling of
human ribs were used (Garcia-Vilana et al. 2025). The latter is a common biomedical
application of FEA and given the similarity to our study, we used corresponding material
properties. To account for the likelihood that the ribs of Tanystropheus had somewhat
different composition of cortical and trabecular bone, we performed sensitivity tests using a
range of material properties (E = 10-20 GPa, v = 0.1-0.35). As the variation of the material
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properties did not result in any notable differences in bending behaviour, we used the material
properties with the highest stiffness (E = 20 GPa, v = 0.35). These values also fall within the
average for most vertebrates (Erickson et al. 2002). Our results may underestimate the
bending capability of the ribs and the flexibility of the neck may have been higher. The rib
models were constrained from movement at eight nodes along the articular surface with the
corresponding cervical vertebrae. A displacement force was applied to the distal end of the rib
models in different directions (dorsal, ventral, and lateral). Results of these analyses were
evaluated using overall bending when encountering different von Mises stress thresholds (50,
100, 200 MPa). Given the simplifications inherent in the FEA models, these thresholds

represent general indicators of bone stress with bone failure around 200 MPa (Currey 2006).

For the two simulations of the full model, the surface model of the neck was imported
into Hypermesh. Connective tissues were added in Blender between the centra of successive
vertebrae corresponding to the extent of the articular surfaces of the centra. A Boolean
operation was applied to remove overlapping surfaces of the connective tissue models with
the vertebrae. A single solid mesh was generated for the entire neck model with different
material properties applied to the individual components. For the vertebrae and ribs the same
material properties as for the simulation of the isolated ribs was selected. For the connective
tissue the Young’s modulus was set to 1% of the bone (E = 0.2 GPa, v = 0.35) similar to the
upper range of values for material properties used for sutures studies in lizard biomechanics
(Jones et al. 2017). Again, this may overestimate stiffness, but as the full neck simulations
were performed in a comparative context, material properties were of negligible importance.
The model was constrained from movement at 10 nodes at the first dorsal vertebra. The
cervical vertebrae were free to rotate and translate about all three axes (six degrees of freedom
per vertebra), and these motions were constrained through the material properties of the
intervertebral tissue. A load force of 100 N was applied to the second cervical vertebra in
different directions (dorsal, ventral, and lateral). This force was chosen to allow for sufficient
displacement of the neck, as for this analysis we were interested in the effect of the cervical
ribs in a comparative context rather than absolute values. The analyses were performed for
each bending direction with and without the cervical ribs. Results were evaluated using von
Mises stress and tensile/compressive stress distribution plots. In contrast to the FEAs for the
individual rib models, we did not test for failure stress magnitudes but compared the stress
distributions in the models with and without cervical ribs. Stress magnitudes recovered are

therefore below the failure threshold.
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Results

The reconstructed osteological neutral pose of the neck of Tanystropheus (see
Methods) is curved, with its central portion located dorsally relative to both the skull and the
base of the neck (Fig. 4B). This arch-like reconstruction is further supported by the
orientations of the articular surfaces of the centra (Table 2). The anterior surface of the
centrum of the 13th cervical vertebra and the posterior surface of the centra of the 12th and
11th cervical vertebrae were oriented distinctly more dorsally than in the other specimens. In
all more anterior cervical vertebrae, the articular surfaces of the centrum are subvertical in
lateral view, or slightly ventrally oriented. These characteristics indicate the dorsal inclination
of the base of the neck (see Renesto 2005; Chapter 1), which is also recovered within the
model. The middle-anterior portion of the neck is recovered as gradually more ventrally
bowing in the anterior direction. In the reconstructed model the distance between the articular
surfaces of the articulating middle vertebral centra is considerable, supporting the presence of

relatively large amounts of intervertebral tissue (Wild 1973; Tschanz 1986, 1988).

Table 2. Differences of angulation of the articular surfaces of the centrum in relation to its

ventral edge.

. Centrum articular surface angulation [°]
Element Specimen - -
posterior anterior
CVv2 PIMUZ T 2790 96 91
Mid CV ZPAL V. 36 1078 97 102
CV10 ZPAL V. 36 186 89 96
Cvil SMNS 84821 75 97
CVv12 ZPAL V. 36 1209 72 92
CV13 ZPAL V. 36 2485 94 73
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Fig. 4. Tanystropheus neck postures based on the ROM analysis. (A) Maximum lateral flexion
without cervical ribs. (B) Postures within the dorsoventral osteological range of motion: the
osteological neutral pose (B0); maximum dorsiflexion (B1) and maximum ventroflexion with
(B2) and without cervical ribs (B3). (C) Maximum torsion without cervical ribs. Arcs
described between the osteological neutral pose and the maximum flexion (of the skull) in a
given plane are indicated in blue for the model including the cervical ribs and in grey for a
model without them. All models in orthographic view. Tanystropheus reconstruction from
Chapter I.

The results of the ROM analysis for torsion, dorsiflexion, and lateral flexion are nearly
identical for the analytical iterations carried out on the model with and without cervical ribs
(Table 3). Values for the lateral rotation vary between the joints, but no clear patterns can be
noted when comparing between the subregions of the neck. The neck bends laterally in a
gentle curve, up to a maximum angle of 73° with ribs and 74° without them (Fig. 4A). Torsion
is very limited, with all joints being able to rotate by <5°, which results in a maximum torsion
of 25° (Fig. 4C). Maximum dorsiflexion is achieved with the neck being anterodorsally
oriented and relatively straight, and the skull pointing posterodorsally. There is a clear
disparity between the maximum rotation values reached by the joints associated with the

posterior and middle cervical vertebrae, with the former reaching much lower values (2-5°)
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than the latter (12-17°). The neck is slightly ventrally curved in this posture, with the
maximum dorsiflexion reaching 141° for the model with cervical ribs and 142° without them
(Fig. 4B). Many articulated specimens of Tanystropheus are preserved with a dorsiflexion of
the vertebral column (=opisthotonus, see Faux and Padian 2007; Fig. 3). In the specimens in
which the ribs are predominantly still articulated and largely intact, the neck curvature does

not exceed the maximum curvature recovered by the ROM analysis.

Table 3. Values of the maximal rotation of the joints achieved in the ROM analysis.

Total rotation [°]
Joint Lateral (left) Lateral (right) Dorsal Ventral (c]l;?:rlf\i\c/)irs]e) © oun:;aorzslgociwi se)

Without | With | Without | With | Without | With Without | With | Without | With | Without With

ribs ribs ribs ribs ribs ribs ribs ribs ribs ribs ribs ribs
DV1/CV13| 6 6 6 6 5 4 29 | 23 3 3 2 2
Cv13/Cvi2 | 10 |10 | 10 | 10 5 5 16 | 16 1 1 1 1
CV12/CV1l| 6 6 6 6 5 5 19 | 14 3 3 2 2
cvii/cvio| 1 1 0 0 2 2 29 3 0 0 0 0
CV10/CV9 | 4 4 3 3 2 2 5 0 1 1 1 1
CV9/CV8 | 6 5 8 8 17 17 6 1 3 3 2 2
CVv8/CV7| 8 8 6 6 15 15 6 0 2 0 3 0
CV7/CV6 | 8 8 4 4 13 13 4 1 1 1 3 3
CV6/CV5 | 7 7 5 5 15 15 5 0 2 2 3 3
CV5/CV4 | 5 5 4 4 12 12 S) 0 2 2 2 2
CV4/CV3| 8 8 3 3 16 16 4 1 2 2 4 4
CV3/CV2| 5 5 2 2 35 | 35 2 2 1 1 2 2
Sum| 74 | 73| 57 |57 | 142 |141| 130 |61 | 21 |19 | 25 22

The maximum ventroflexion achieved by the neck is 130° when the ribs are included
and 61° when the ribs are omitted. In both cases, the differences between the rotation
achieved by the posterior joints and the anterior joints is opposite to what was noted for
dorsiflexion — most of the mobility of the neck during ventroflexion originates from the base
of the neck. The middle and posterior cervical vertebrae form distinct modules, mirroring the
morphological regionalisation reported by Rytel et al. (2024a). The rigid ribs nearly
completely constrain the movement of the anterior-middle portion of the cervical column.

Some posterior vertebrae disarticulate slightly during ventroflexion.
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Results of the FEA performed on the cervical ribs individually show that they can
bend considerably in all directions before reaching failure stress (Fig. 5). A longer rib can
achieve higher curvature at similar stress than a shorter rib. Nevertheless, the curvature of the
ribs with peak stresses reaching 100-200 MPa is similar or higher than the curvature of the
corresponding neck segments along which they would extend during the maximum rotation in
all tested directions of the ROM analysis (compare Figs. 4 and 5). The bending capabilities of
the ribs are further supported by the curvature preserved in a complete left fourth cervical rib
of a Tanystropheus hydroides specimen PIMUZ T 2819 (see Fig. 3), which is similar to those
achieved in the FEA model with peak stresses reaching 100-200 MPa (>70°).

Fig. 5. Results of the FEA analysis performed on the cervical ribs of Tanystropheus. Colours
indicate the Von Mises stress distribution [MPa], with the areas marked with brighter colour
(red) being a subject to more stress than the areas marked with darker colours (blue). White

indicates that the region is experiencing stress beyond the current scale.
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Comparisons of the results from the FEA performed on the neck model with and
without ribs reveal a major disparity between them in the Von Mises stress distribution
pattern. When analysed without the cervical ribs, peak stresses are recorded mainly around the
zygapophyseal articulations, the middle portion of the neural spine, and the ventral surface of
the vertebrae, regardless of the direction of the force applied (Fig. 6). Some of the middle
cervical vertebrae (five to ten) experience notably higher amounts of stress than the other
elements. Direction of the applied force affects the distribution of compact and tensile
stresses. With ventrally directed force the tensile stress is present across the ventral surfaces of
the centrum and the zygapophyses, and the entire dorsal portions of the vertebrae are affected
by compressive force (Fig. 6). The opposite pattern can be observed for the dorsally directed
force. With laterally directed force the lateral side of the vertebral column oriented towards it
is affected by tensile force, and the other lateral side by the compressive force. With the
addition of the cervical ribs into the model the Von Mises stress distribution changes
drastically. The middle cervical vertebrae, and especially their ventral portions, are a subject
of much less stress, with some regions experiencing nearly none at all. The Von Mises stress
distribution pattern becomes more homogenous when compared between the individual
middle cervical vertebrae. Peak Von Mises stresses are observed in the areas around the neural
spines of the cervical vertebrae nine to eleven. In Tanystropheus these are the only elongate
vertebrae in which the neural spine is well-pronounced along its middle portion, being
distinctly distally thickened in the two more posterior elements (Chapter I). The inclusion of
the cervical ribs into the model also affects the distribution of tensile and compressive
stresses. Regardless of the direction of the applied force, along the middle section of the neck
the tensile stress is present nearly solely along the cervical ribs, but not the vertebrae with

which they were associated (Fig. 6).
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Fig. 6. Results of the FEA analysis in models with and without ribs with ventral force applied,
in right lateral view. A — Von Mises stress distribution. B — Tensile/compressive stress
distribution. For (A) colours indicate the Von Mises stress distribution [MPa], with the areas
marked with brighter colour (red) being a subject to more stress than the areas marked with
darker colours (blue). White indicates that the region is experiencing stress beyond the current

scale. Postures achieved by the neck model do not reflect its maximum ROM.

Histological characteristics of the sectioned ribs are fully congruent with the results
presented by Jaquier and Scheyer (2017). All analysed sections show that the shaft was
extremely uniform in its internal composition, consisting of avascular compact lamellar bone
(Fig. 2). Only the articular heads and the centre of the shaft near the articular region were a

subject of remodelling.

Discussion

Neck of Tanystropheus — stiff or flexible?

Previous studies postulated contradictory hypotheses concerning the mobility of the
neck of Tanystropheus. Peyer (1931), Wild (1973), and Kummer (1975) hypothesised that it
was extraordinarily flexible. Tschanz (1986, 1988) opposed this view, arguing that the neck of
Tanystropheus was stiffened by the bundled cervical ribs, which supported the vertebral
column and reduced gravitational shearing stresses. In consequence, the neck had to be held
horizontally. Renesto (2005) argued that the ribs reduced the neck movements to some extent,

but did not render it stiff, as individual thin body rods would be relatively flexible. Nosotti
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(2007) generally concurred with Tschanz (1986, 1988), interpreting the stiffening of the neck
as an adaptation to cope with underwater propulsion, but noting that an immobile neck would
make hunting for nektonic prey difficult. Rieppel et al. (2010) hypothesised that the neck of
Tanystropheus could be elevated only slightly above the horizontal position, as the ribs
severely restricted its movement. The results of the histological study of Jaquier and Scheyer

(2017) on the ribs of Tanystropheus were also interpreted as indicating a relatively stiff neck.

Results of the ROM analysis provided here indicate that the neck of Tanystropheus
was not immobile in any direction. The retrieved values are generally similar to those
achieved in some directions for other long necked reptiles like plesiosaurs, pterosaurs, or
sauropods, despite the comparatively modest number of cervical vertebrae in Tanystropheus
(e.g., Wintrich et al. 2019; Vidal et al. 2020, 2024; Padian et al. 2021). Whereas the aim of
this study is to provide general patterns, not definitive values of ROM, and differences in
methodology make direct comparisons of the results less feasible, the similarity of the ROM
results achieved here for Tanystropheus here and by Wintrich et al. (2019) for a plesiosaur

Cryptoclidus is particularly intriguing.

With ribs included in the model, only the maximum ventroflexion value decreased
substantially. The FEA results indicate that the ribs could bend enough to withstand the stress
caused by being bent to the curvature present in the maximal positions of the ROM analysis
carried out on the model without the cervical ribs (Fig. 4). Thus, if treated individually, the
ribs would likely not restrict the motion of the neck (Wild 1973; Tschanz 1986; Renesto
2005). As already noted, and valid especially for long-necked taxa, interpretation of results
obtained from purely osteological reconstructions not taking into account the effect of soft
tissues should be approached with caution (e.g., Cobley 2013; Taylor and Wedel 2013a;
Taylor 2014; Werneburg et al. 2014). Whereas the relatively small number of intervertebral
articulations present in the neck of Tanystropheus makes this issue less consequential
compared to animals with higher cervical vertebral counts, it is difficult to assess how the ribs
would behave when bound by interosseous connective tissues and muscles. In articulated
Tanystropheus specimens the overlapping cervical ribs are preserved in tight association, and
likely formed bundles (Tschanz 1986). In life their ability to slide along each other could
possibly be limited, together with the total ROM of the neck itself. Nevertheless, a huge part
of the maximum ROM, especially during ventroflexion, originates from the base of the neck,
which would not be affected by this issue, as the ribs exhibit limited overlap in this section of

the column.
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The role of the ribs was likely not to brace the neck (see below) and, therefore it still
seems unlikely that the hyperelongate morphology of the vertebrae and the associated rod-like
ribs stiffened the neck of Tanystropheus to the extent proposed by Tschanz (1986, 1988). The
reconstructions presenting the neck as either rather immobile (Tschanz 1986, 1988; Nosotti
2007) or extremely flexible (Peyer 1931; Wild 1973; Kummer 1975) are not supported by the
results of this study. The neck of Tanystropheus could bend in a relatively gentle curve, which
would still allow for a considerable reach due its length (Fig. 4). The pose of the neck as
restored here is congruent with the insights provided by Wild (1973), Renesto (2005), and
Rytel (Chapter 1), but in contrast to the hypotheses of Tschanz (1986, 1988) and Nosotti
(2007), who favoured a much more horizontal orientation of the Tanystropheus neck. The
morphology of the posterior cervical vertebrae differs between the species of Tanystropheus,
with T. conspicuus showing more pronounced indicators for the dorsal inclination of the neck
than T. hydroides and T. longobardicus (Renesto 2005; Rieppel et al. 2010; Chapter I). The
curved posture may have stretched the cervical supraspinous ligaments, storing elastic energy
that could have been released during a prey strike lunge (Tschanz 1986; Chapter 1).

Role of the cervical ribs in Tanystropheus

The hyperelongate, thin and non-bifurcated cervical ribs of Tanystropheus are similar
to those of the only other tanysaurian that has convergently achieved comparable neck
elongation - Dinocephalosaurus orientalis (see Spiekman et al. 2024a). In other tanysaurians
the ribs can be short and bifurcated (Trachelosaurus fischeri), hyperelongate and bifurcated
(Sclerostropheus fossai), thin and relatively short (Macrocnemus fuyuanensis), or thick and
short (Tanytrachelos ahynis) (Olsen 1979; Spiekman and Scheyer 2019; Scheyer et al. 2020;
Spiekman et al. 2024b). Tanystropheus has proportionally the longest cervical ribs among all
known vertebrates, which makes understanding their role in its bauplan particularly
interesting. In some specimens the longest individual ribs reach >40% of the combined neck
and skull lengths and >20% of total body length (PIMUZ T 2818, see Fig. 3; Wild 1973). This
exceeds even the ratios estimated for sauropods (e.g., in Mamenchisaurus <35% and <20%
respectively, see Taylor and Wedel 2013b; Moore et al. 2023), for which the role of the
cervical rib elongation has been discussed extensively (e.g., Frey and Martin 1997; Martin et
al. 1998; Christian and Dzemski 2007; Klein et al. 2012; Preuschoft and Klein 2013; Taylor
and Wedel 2013b). The ribs were suggested to provide stabilization for the neck, resistance
against torsion, and allowed for a transfer of the cervical musculature towards the base of the
neck, which reduces the inertia (Taylor and Wedel 2013b). Two main hypotheses were
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formulated — the ventral bracing hypothesis (Frey and Martin 1997; Martin et al. 1998) and
the tensile member hypothesis (Christian and Dzemski 2007). The ventral bracing hypothesis
suggests that the ribs supported the neck, transferred compression forces, and counteracted
torque. This implies a rather inflexible, horizontally oriented neck, as recovered in the study
of Tschanz (1986), who also interpreted the ribs of Tanystropheus as transferring compressive
forces. In the tensile member hypothesis the tensile forces were transferred instead, and the
weight of the neck was reduced by shifting the cervical musculature towards the trunk,
allowing for more neck flexibility. In sauropods the ribs are partially composed of ossified
tendons, in contrast to Tanystropheus in which they are built of avascular lamellar bone (Fig.
2; Klein et al. 2012; Jaquier and Scheyer 2017). The longitudinally oriented mineralized
collagen fibres, presence of which supports the tensile member hypothesis in sauropods, are

absent in Tanystropheus (Fig. 2; Klein et al. 2012; Jaquier and Scheyer 2017).

Despite the lack of preserved longitudinal mineralised collagen fibres associated with
the cervical ribs, our model suggests that the ribs transferred tensile forces, as predicted by the
tensile member hypothesis (contra Tschanz 1986). Therefore, it seems more likely that the
main role of the hyperelongation of the cervical ribs of Tanystropheus was to allow for a shift
of the associated musculature towards the torso. This is further supported by the distribution
of the muscle attachment sites, which are greatly reduced along the middle portion of the
neck, and expanded near its base (Wild 1973; Tschanz 1986, 1988; Chapter I). Furthermore,
two Tanystropheus specimens in which the neck was bitten off by a predator or scavenger in a
single bite further suggest that the central portion of the neck was remarkably slender
(Spiekman and Mujal 2023). Finally, the majority of the ribs terminate distally around the
same section of the neck, ventrally to the last cervical vertebra. Having long ribs and short
tendons and muscles associated with them (instead of short ribs and long tendons) is viewed
as an adaptation for a finer control of the neck movements (Taylor and Wedel 2013b). During
movements of a neck with long (or very compliant) tendons, the muscle has to contract a
greater distance to also account for the stretch in the tendons. The cervical rib morphology of
Tanystropheus thus may have functioned more as very stiff tendons, allowing for greater
control of the head position, which is necessitated by the extreme length of the neck. The shift
of the cervical musculature posteriorly would have also reduced the inertia of the neck. Even
considering that the gravitational stress was decreased in an aquatic medium, muscle mass
reduction along the neck allowed for its better stabilisation, and might have reduced drag

during lateral flexion.
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Comparison with other long-necked animals

Although many taxa convergently evolved a long neck, the phylogenetic distribution
of hyperelongate cervical ribs among long-necked tetrapods is constrained to
archosauromorphs — tanysaurians (e.g., Dinocephalosaurus, Tanystropheus) and saurischians
(some sauropods and non-avian theropods) (Fig. 1; Spiekman et al. 2024a; Taylor and Wedel
2013b). Their presence seems to be connected with certain specific patterns of neck
elongation that appeared both in terrestrial herbivores and aquatic carnivores. Tanystropheus
is the only known aquatic tetrapod with hyperelongate cervical vertebrae and hyperelongate
cervical ribs. Dinocephalosaurus, a closely related tanysaurian, had more cervical vertebrae
(which were relatively much less elongate than in Tanystropheus) than any other
archosauromorph and hyperelongate ribs associated with them (Spiekman et al. 2024a). Its
general bauplan resembled the plesiosaurs. Despite the similarity, in virtually all long-necked
sauropterygians the cervical ribs are relatively short, stout, and rarely cross more than one
intervertebral articulation. If the presence of elongate cervical ribs is constrained to
archosauromorphs, what are the factors controlling their hypertrophy in some long-necked
taxa, and atrophy in the others? Even within Sauropoda a major disparity exists in the
morphology and length of the cervical ribs between the clades (Taylor and Wedel 2013b;
Vidal et al. 2024), as in the tanysaurians. In long-necked pterosaurs and birds the cervical ribs

are extremely reduced (Fig. 1).

Several factors should be considered when interpreting the causes of the observed
phylogenetic distribution of the hyperelongated ribs. First, in some taxa the shift of
musculature towards the torso might not have been advantageous — in azhdarchid pterosaurs
the neck was likely relatively muscular, as it had to support a large head (Naish and Witton
2017; Buchmann and Rodrigues 2025). In all long-necked taxa with hyperelongated ribs the
skull is relatively small, presumably due to the effects of gravity and drag (Fig. 1). Whereas in
some plesiosaurs the neck to skull length proportions were similar to tanysaurians (Fig. 1), the
necks of the former were likely much thicker, which would decrease drag during locomotion
and feeding (Troelsen et al. 2019). This is also supported by taphonomic data — despite the
rich fossil record of plesiosaurs, there is no unambiguous evidence for predatory targeting of
their necks, which, in contrast, was documented for two specimens of Tanystropheus (see
Spiekman and Mujal 2023). This indicates that the neck of the latter was much more slender.
Moreover, the short cervical ribs in plesiosaurs served as osteological stops, which might have
been energetically more advantageous than using muscle power to keep the neck straight
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(Wintrich et al. 2019). Finally, the feeding strategy (duration and intensity of the head
movements, as well as the neck flexibility required to achieve them) seems to play a major
role in the extent of stiffening of the neck tendons (Dzemski and Christian 2007; Taylor and
Wedel 2013b). In ostriches, the flexibility of the neck is paramount in obtaining the food
items, as the animal tries to reach a large area without moving the trunk, minimising force and
energy requirements during frequent changes of the position of the neck (Dzemski and
Christian 2007). This is exactly the opposite to what is hypothesised for Tanystropheus, which
was likely an ambush predator that relied on a limited number of precise strikes (Renesto and
Saller 2018; Spiekman et al. 2020a, b; Chapter 1). Thus, the presence and extent of elongation
of the cervical ribs in long-necked animals can be correlated with several controlling factors —
the relative skull size, the muscularity of the neck, the importance of its flexibility during
locomotion and feeding, the preferred posture of the neck, and some other unique characters
that are more difficult to assess (e.g., pneumacity). Within the mosaic of bauplans evolved by
different long-necked animals, Tanystropheus is an important taxon that helps to disentangle
the possible connections existing between different aspects of biology of distantly related

taxa.

Conclusions

This study elucidates the appearance of one of the key anatomical features
characteristic to some long-necked animals — the hyperelongated cervical ribs. Whereas they
have previously been interpreted as a part of a bracing system that stiffened the neck, our
results indicate that at least in Tanystropheus the main role of the cervical ribs was instead to
transfer tensile forces and shift the mass of the neck towards the torso. This is the first
quantitative evidence supporting the tensile member hypothesis, which was formulated for
sauropods, but remains difficult to test due to the characteristics of their fossil record (Taylor
2022). The biomechanical analysis provided here suggests that the individual cervical ribs
could bend considerably before breaking. They likely did not restrict the neck movements in
Tanystropheus in a major way, and could enable finer control over the head movements. This
is congruent with the interpretation of Tanystropheus as an aquatic ambush predator. These
new insights show that despite being composed of a limited number of vertebrae, the neck of
Tanystropheus could achieve a range of motion comparable to those of some of the long-
necked plesiosaurs. This finding rejects previous hypotheses of either extreme stiffness and
extraordinary flexibility of the Tanystropheus neck, and reveals that this morphological

extreme in neck configuration formed a highly effective evolutionary adaptation.
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Introduction

Taphonomic data is a valuable source of information concerning the environmental
conditions present during decomposition of organic matter, and its later diagenesis (e.g.,
Behrensmeyer 1975, 1978; Weigelt 1989). In vertebrate palaeontology, histotaphonomy has
been used as a powerful tool for tracing the post-mortem histories of various remains,
spanning fossil records across multiple stratigraphic intervals (e.g., Bodzioch and Kowal-
Linka 2012, 2017; Bodzioch 2015; Kowal-Linka 2015; Mancuso and Previtera 2022; Laker
2024). When depositional and early diagenetic conditions cannot be directly assessed from
fossil-bearing strata (e.g. due to transport of skeletal remains or overprinting by pedogenic
processes, erosion, and bioturbation) the information contained within the bone itself might
carry especially important evidence for deciphering the depositional context of the specimen.
This can be valid for multitaxic mass accumulation of elements originating from different
habitats, where the taphonomic studies can be key to unraveling the genesis of an assemblage
(e.g., Bodzioch and Kowal-Linka 2012, 2017; Bodzioch 2015; Kowal-Linka 2015;
Beardmore and Furrer 2017).
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Many such cases have been documented from the Middle Triassic of the Central
European Basin (CEB; e.g., Hagdorn and Reif 1988; Schoch and Seegis 2016; Schoch et al.
2022; Czepinski et al. 2023), also known as the Germanic Basin, which is dominated by
marine deposits, overlaid with a thick unit of alternating siliciclastic-carbonate sedimentary
succession - the Lower Keuper (Fig. 1). This heterogeneous unit represents a regressive trend
of the Muschelkalk Sea, resulting in a mix of typically marine, continental and marginally
marine environments of intermediate specificity (Hagdorn and Mutter 2011; Franz et al. 2013;
Nitsch 2015; Schoch and Seegis 2016; Pawlak et al. 2022; Schoch et al. 2022). From the
palaeontological perspective, a valuable feature of these deposits is the unusually high content
of vertebrate fossils, resulting in numerous assemblages comprising dozens of fish, amphibian
and reptile species (e.g., von Meyer 1847-1855; Fraas 1896; Bottcher 2015; Hagdorn et al.
2015; Schoch and Seegis, 2016; Pawlak et al. 2022; Schoch et al. 2022; Czepinski et al.
2023).

Miedary is a recently discovered vertebrate-bearing site of Lower Keuper strata in
southern Poland (Fig. 1A), first deriving from the eastern part of the CEB conversely to
previously reported assemblages from Germany (Czepinski et al. 2023). Fossils of more than
20 vertebrate species have been recorded from this site so far, including: reptiles (e.g.,
Blezingeria sp., Jaxtasuchus sp., Nothosaurus sp., Tanystropheus conspicuus), a
chroniosuchian, temnospondyl amphibians (Mastodonsaurus sp., three plagiosaur species),
and numerous fishes, including a lungfish (Ptychoceratodus sp.), actinopterygians (e.g.,
Gyrolepis sp., Serrolepis sp., Saurichthys sp.), and hybodontiform elasmobranchs (Czepinski
et al. 2023). Besides the taxonomic diversity, the vertebrate remains also occur at
exceptionally high concentrations. Interestingly, the German Lower Keuper (e.g., Schoch and
Seegis 2016; Schoch et al. 2022) shows a similar pattern, with some equivalent vertebrate
taxa, both fishes and tetrapods (Pawlak et al. 2022; Mujal et al. 2025). However, notable
differences between the two regions also existed. The German Lower Keuper generally
preserves more terrestrial taxa, with organisms interpreted from marine habitats being
secondary. Instead Miedary shows a notoriously high abundance of remains of marine taxa,

and particularly Tanystropheus.

Because of the uncommonly abundant remains of Tanystropheus, the Miedary locality
is especially relevant for elucidating the habitat of this taxon (Chapter I). Tanystropheus is a
bizarre long-necked archosauromorph reptile known predominantly from the Middle Triassic,
characterised by a Tethys-wide distribution (Wild 1973; Rieppel et al. 2010; Spiekman and
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Scheyer 2019). Its lifestyle and environmental preferences have been historically disputed, but
virtually all recent studies point towards it being a shallow aquatic ambush predator (e.g.,
Nosotii 2007; Renesto and Saller 2018; Spiekman et al. 2020a, b; Chapter I). In the rest of the
CEB Tanystropheus constitutes a widespread, but accessory faunistic element. This disparity
is intriguing and indicates that data concerning the environmental conditions present in

Miedary might correlate highly positively with the actual habitat of the animal.

However, the co-occurrence of typically marine and freshwater taxa in Miedary raises
questions about the origin of this fossil assemblage, particularly biostratinomic pathways of
accumulated remains. This pattern can be explained either by transport, mixing and
subsequent deposition of freshwater and marine taxa originating from different habitats, or by
their sympatric presence and parautochtonous deposition within a shared paralic ecosystem.
To assess which hypothesis is more favourable, we analysed the sedimentary infill of several
bones from multiple taxa. Due to the formation in isolated microenvironments, infilled
internal cavities can retain information about the taphonomic history of the fossils, including:
decay, transport, burial, and early diagenesis. We applied a suite of taphonomic approaches,
including biostratinomic observations and histotaphonomic analyses, supported by SEM-EDS
elemental mapping, to determine the possible accumulation pathways, and subsequent burial
history of fossils from Miedary. These analyses are used to test the aforementioned

hypotheses and to shed light on the origin of the mass accumulations of vertebrate remains.

Geological setting

The palaeontological locality in Miedary exposes an about 5-metre-thick section (Fig.
1C) dated to the early Ladinian (Middle Triassic) based on regional biostratigraphic and
magnetostratigraphic correlations (Pawlak et al. 2022). \ertebrate fossils occur mainly within
two intervals: dolostone beds characterised by typically marine faunistic assemblages, and
glauconite beds yielding mixed communities of freshwater and marine taxa (Sulej et al. 2011;
Pawlak et al. 2022; Czepinski et al. 2023). The material examined in this study was excavated
from the three distinct layers within the glauconite beds sensu Pawlak et al. (2022): M1, M2a,
M2b, and two strata directly overlaying them (M3, M4). The M1 and M2b layers share
similar lithological features, including variegated green to reddish colouration and a
composition of quartz-glauconitic sandstone cemented with calcium carbonate (Fig. 1C).
However, they differ substantially in internal structure: the M1 layer is predominantly massive
with none or poorly accented bedding, whereas the M2b layer displays horizontal bedding. In

both layers, lensoidal intercalations of coarser, glauconite-dominated sandstone are present
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but thicker and spatially broader interbeds occur in the M2b layer. Both layers host abundant
root structures. The M2a layer is bounded by the M1 and M2b packages and is abruptly
limited from the underlying M1 layer with an erosional surface. It consists of coarse-grained
sandstone rich in glauconite with subordinate quartz, muscovite, locally high phosphatic
microfossil content, bone fragments, and coprolites — components characteristic also for the
interbeds within the M1 and M2b layers. These features combined with erosional lower
boundaries point to the high-energetic origin of both the M2a layer and the interbeds within
the directly overlaying and underlaying layers. This interpretation is further supported by the
preservational characteristics of the vertebrate fossils, which are predominantly found
isolated, and usually do not bear marks of prolonged erosion or weathering (sensu
Behrensmeyer 1978). The M3 layer is composed of red, clayish and highly homogenous
sediment with common grey-coloured, laterally discontinuous horizons, and desiccation
cracks with strongly cemented mineral infill. It is separated from the underlying sediments by
an inconspicuous erosional surface, which is traceable across the entire site. Its thickness
ranges from five to fifteen cm. It is overlain by about 30 cm thick M4 layer composed of
interbedding packages of reddish to greenish mudstone and sandstone. The coarser facies are
composed of quartz- and glauconite-dominated beds similar to the M1 and M2b layers. The
top of the M4 layer forms a conspicuously grey-coloured horizon, continuous across the
excavation. It is characterised by numerous desiccation cracks filled with carbonate
mineralisation and the presence of subspherical concretions. Despite notable differences
between individual layers, they share several key features, such as grain types, sandy
granulation, at least partially high-energetic origin, and root bioturbation. This implies that the
entire glauconite beds formed in a similar or even the same depositional environment. An
exact reconstruction of this palaeoenvironment requires a detailed examination of sedimentary

structures, which is the subject of ongoing studies.
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Fig. 1. Spatial and stratigraphic data of the Lower Keuper (lower Ladinian) site of Miedary
(Poland) (modified after Czepinski et al. 2023) — map of southern Poland with the main fossil-
bearing Keuper localities marked (A), placement of the Miedary Beds within the Triassic
lithostratigraphic units of the Upper Silesia (B), and a simplified geological section of the site
(C) with an associated table including the numbers of specimens studied per each taxon and

stratum (for more details see Appendix I1).
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Material and Methods

Specimen thin sectioning

To analyse the infill characteristics of the bones from Miedary, 98 thin sections were
made, out of 70 specimens (see Appendix Il, Fig. 1C), all from the collection of the Institute
of Paleobiology, Polish Academy of Sciences, Warsaw, Poland (ZPAL). These included
isolated, but three-dimensionally preserved bones of eight taxa - four reptiles (Nothosaurus
sp., Tanystropheus conspicuus, a testudinate, and a hitherto unnamed armoured
archosauromorph - see Czepinski et al. 2023), three fishes (Ptychoceratodus sp., Saurichthys
sp., and a hybodontiform shark), as well as the large-sized temnospondyl Mastodonsaurus sp.
Only highly diagnostic bones were sampled. To reduce the possible bias originating from
disparity in taphonomic characteristics of specimens with dissimilar shape and/or size,

different skeletal elements were sectioned.

To take into account differences induced by varying depositional environments, all
layers from a vertically short (1 m) section of Miedary were sampled (layers M1, M2a, M2b,
M3, and M4; see Fig. 1C). For each of the three tetrapod taxa that are most abundant in the
site (Nothosaurus, Tanystropheus, Mastodonsaurus) one specimen was sectioned per element
type (vertebra, rib, pectoral/pelvic girdle bone), per the three main fossiliferous layers (M1,
M2a, M2b), to ensure a more even sampling. Additionally, some elements from less common
taxa (a toothplate of Ptychoceratodus, a lower jaw of Saurichthys, a fin spike hybodontiform
shark, as well as osteoderms and ribs of an armoured archosauromorph from the M3 layer),
and from significantly less fossil-yielding layers (M3 and M4) were also taken into account,
to gain broader insights into the possible differences in taphonomic characteristics between
strata and taxa. Moreover, further sections of the bones of Tanystropheus, previously acquired
for histological studies (see Rytel et al. 2024b), were included in the dataset. All data
concerning the taxonomy, stratigraphy, and element type of each specimen are contained
within the Appendix II.

Specimen imaging

To illustrate the spatial layout of different chemical elements within a section, 15 thin
sections were visualised, and either completely or partially mapped using Scanning Electron
Microscope (SEM) with Energy Dispersive X-ray Spectrometry (EDS). The microscope was a
Thermo Fisher Quattro S held in the Laboratory of Scanning Electron Microscopy, ZPAL.
This SEM is coupled with the EDAX Octane Elect Plus EDS detector. This is an

environmental SEM, which also allows for imaging and elemental analysis at higher than
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typical pressure in a microscope chamber. Here, a H2O vapour was used to maintain elevated
pressure (50 Pa) in the chamber during measurements when non-conductive, non-
sputtered/coated samples were investigated. The vast majority of both imaging and EDS
measurements was done on Pt-sputtered samples or carbon coated samples, which allowed to
minimise number of charging artifacts, and speed-up elemental distribution mapping and
elemental analysis. The samples were thin coated with a carbon layer using CCU-10
Safematic sputter or thicker coated with Pt using Balt-Tec SCD 005 sputter. Photographs of
the thin sections were taken with a Keyence VHX-7000 digital microscope with a VHX-7100
fully integrated head with two lens systems (20—100%; 100—500x) and a polarisation adapter,
located at the University of Warsaw.

To visualise the whole area of thin section slides we employed MAPS3 software
(Thermo Fisher Scientific) which automates the acquisition of large overviews by stitching
multiple images. This software was used to image the whole area of the sample (up to several
cm?) maintaining high resolution. Imaging was done employing: secondary and backscatter
electron detectors. A Directional Backscatter electron detector was used to enhance image

contrast related to sample composition.

During imaging of large samples, the accelerating voltage was kept in the 5-20 kV
range. The mapping measurements were performed at the accelerating voltage of 20 kV. All
large area elemental distribution mapping were done using Montage Large Area Mapping, an
add-in feature of APEX software (AMETEK Inc.) allowing precise large-area imaging and
EDS. Elemental distribution maps of Al, C, Ca, Cl, Fe, K, Mg, Mn, Na, O, P, S, Si, Ti, and Pt
(for Pt sputtered samples) within the thin sections were generated. Additional data concerning
the chemical composition of specific authigenic minerals were gathered for five further

specimens by single-point SEM-EDS analysis.

To differentiate various generations of calcareous infills of bones, thin sections from
three specimens (ZPAL V. 36/877, ZPAL V. 36/1071, ZPAL V. 36/1185) were coated with
carbon and examined with a cathodoluminescence microscope at ZPAL, which was equipped

with a hot cathode and an integrated UV-VIS spectrograph.

Quantitative analyses
To quantify the observed disparity of the notable sedimentary infill features, we
compiled a matrix of numerical characters (Appendix Il). Observations included the the

presence of various mineral phases and types of carbonate cements. Types of carbonate
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cements follow the classification of Fliigel (2010). These observations were semi-quantified,
typically using a 0-2 scoring system (except for glauconite presence; see Appendix Il for
scoring details): O—feature absent; 1—feature present but rare in the specimen; 2—feature
abundant or pervasive within the sample. The absence of a score indicates uncertainty
regarding the presence or degree of the corresponding feature. Although quantitatively
limited, this approach enables uniform scoring of features with variable character, facilitating
Non-metric Multidimensional Scaling (NMDS) and Correspondence Analysis (CA). Both
analyses were performed by employing PAST v. 5.3 (Hammer et al. 2001). Only specimens
with sufficiently preserved sedimentary infill could be properly scored within the matrix.

Hence, 62 out of 70 sectioned bones were included in the analyses (see Appendix I1).

Based on the preliminary results taking into account a version of the matrix expanded
with histotaphonomic features, only the 20 characters concerning the infill characteristics,
were included in the iterations of the analyses contained within this study. This resulted in a
lower recorded stress value for NMDS (0.205 vs 0.277) and higher sum of variance values
covered by CA1 and CA2 for CA (26.3% vs 37.8%). NMDS ordination was performed using
Gower distance, which is appropriate for semi-quantitative ordinal data. This metric
standardises variables and accommodates relative feature intensities, ensuring all attributes
contribute equally to the analysis without assuming linear relationships between scores.

Correspondence Analysis was performed on the same dataset.

Sampled skeletal elements varied in cortical bone thickness as well as in the size of
nutrient foramina and the internal cavities, which affected the volume of natural void space
that could be infilled within them. These anatomical differences likely influenced the ease
with which sediment and, later during diagenesis, fluids could percolate into the bone,
resulting in variable degrees of cementation and authigenic mineral formation. To be able to
compare the effects of pre-diagenetical characteristics of the specimen that might have
induced a different taphonomical pathway, the bones were classified into several groups.
These included their taxonomic identification (eight taxa), stratigraphic origin (five strata),
element shape (four morphological subclasses), and pore size (three subclasses). For exact
groups assigned for each individual element see Appendix I1. The results of the analyses were
compared both within and between the groups, to visualise the possible correlations in

specimen clustering, and its connection to the aforementioned characteristics.
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Results

Taphonomical features

Sedimentary infills

Five distinct types of bone infill were identified. The clastic- and clay-dominated types
represent sedimentary material transported into bone cavities from the external environment.
The remaining infill types comprise authigenic minerals or their parageneses formed in situ
within fossils. They are well exemplified in the cervical vertebra ZPAL V. 36/1071 (see EDS
mapping results below), and the humerus ZPAL V. 36/1185 (Fig. 2B) of Tanystropheus.

e Sulphides (Fig. 2A) are represented mainly by pyrite or chalcopyrite with rare
admixture of Ni sulphides. They rarely occur as the sole or dominant infill of pore
cavities, except micropores. Most frequently, they are associated with other types of
infills, either as embedded euhedral crystals or as linings of pore walls, both of
authigenic origin.

o Calcite (Fig. 2B, D) occurs as authigenic cements filling spaces between allogenic
material or other authigenic crystallisations, as well as the sole pore-filling phase. Four
main types of calcitic cement can be distinguished: micrite, microsparite, peloidal
microsparite, and sparite. The spartic cement is subdivided to: drusy, mosaic, granular
and circumgranular based on crystal habit. All recognized cements show high content
of divalent cations substituting Ca: Mg, Mn and Fe.

e Ferrous-organic infill (Fig. 2C) forms thin bands lining pore walls and is usually
accompanied by other infill types. It most likely represents a mixture of organic
compounds and ferrous oxides evidenced by high content of carbon and iron.

e Clay-dominated sediment infill (Fig. 2E): composed primarily of a massive matrix
comprising mainly Fe-, Al- and Si- oxides and hydroxides, opaque in transmitted light.
It commonly contains high amounts of embedded quartz grains revealing an external
source of the material. Fe-Al-Si oxide pseudomorphs after glauconite grains are also

present but less abundant.

o Clast-dominated sediment infill (Fig. 2F): composed mainly of quartz and glauconite
grains reaching up to 0.25 mm in diameter. The quartz grains are sub-angular to
angular in most samples, whereas the glauconite grains are typically sub-rounded. The

glauconite grains display some differences of maturity, visually expressed by colour
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range from light to dark green. Nonetheless, the vast majority of the grains represent
the evolved stage, whereas initial or highly evolved stages are absent or exceptionally
rare. Conversely to maturity, the weathering degree of glauconite shows the full
spectrum, from nearly non-weathered, through partial substitution by reddish Fe- and
Al-oxides, to complete replacement with preservation of a grain shape
(pseudomorphs). The ratio of quartz to glauconite grains varies between samples from
quartz- to glauconite-dominated sediment. Accessory grains include muscovite flakes

and ilmenite grains.
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Fig. 2. Bone infill types from the Lower Keuper (lower Ladinian) of Miedary (Poland).
Sulphide (A), calcite (B, D), ferrous-organic (C), clay (E), and clast (F) dominated
sedimentary infills. Photographs with normal (A, E) or normal transmitted (B-D, F) light. All
sections are transverse and represent: an osteoderm of the new archosauromorph (A — ZPAL
V. 36/411/10), a Tanystropheus humerus (B — ZPAL V. 36/1185), a Mastodonsaurus vertebral
centrum (C — ZPAL V. 36/324), a Tanystropheus femur (D — ZPAL V. 36/877), a Nothosaurus
vertebral centrum (E — ZPAL V. 36/267), and a Tanystropheus cervical vertebra (F — ZPAL V.
36/193). Abbreviations: cl — clay-dominated infill; fe - fe-oxides lining; g — glauconite; m —

micrite; p — pyrite; s — sparite; su — sulphides.

217



Other features

Bone staining is highly variable among different specimens (Figs. 2-3), with no
noticeable correlation to their other characteristics. In some bones its extent is very local and
patchy, whereas in some other specimens most of the original tissue is stained, often with
clear zonation. Staining colours span from light grey to dark brown. Zones of stained tissue
are sometimes associated with cracks. Cracking extent varies highly between the analysed
specimens, with only few being pristine. In most of the specimens cracks extend both parallel
and perpendicular to the bone margin, and are infilled with sediment (Fig. 3 E-F). Distinct
generations of cracks can be observed in several specimens, with some originating after the
fossilisation of the bone (Fig. 3F). Brecciation is usually relatively limited in the sample,
although the largest internal cavities of some of the studied specimens are collapsed.
Conspicuous patterns of microcracks are also present in the sample. Drying microcracks were
observed only in one bone, with notable osteon separation due to collagen shrinkage (see
Laker 2024) being widespread within the entire section (Fig. 3B). Waterlogging microcracks
are less evident, but more common, with many minute cracks branching between osteons in
several specimens (Fig. 3D). Evidence of bioerosion in the sample is nearly absent, with only
one root structure being documented, penetrating the bone surface (Fig. 3A). Microbial
tunneling traces and invertebrate burrows are seemingly absent. Clear geopetal structures are
rare, and usually associated with the presence of pyrite localised only on one side of the cavity
(Fig. 3C). Some specimens from the M4 layer are completely covered with a calcite crust
(Fig. 3E).
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Fig. 3. Specific taphonomic features present in the studied specimens from the Lower Keuper
(lower Ladinian) of Miedary (Poland). A root structure (A), drying microcracks (B), a
geopetal structure (C), waterlogging microcracks (D), cracks running perpendicular and
parallel to the bone surface, with the bone overlain by crust (E), and cracks generated after the
fossilisation of the bone (F). Photographs with normal (A) or normal transmitted (B—F) light.
All sections are transverse and represent: a Tanystropheus scapula (A — ZPAL V. 36/153), a
Mastodonsaurus clavicle (B — ZPAL V. 36/927), a Tanystropheus femur (C — ZPAL V.
36/878), a Tanystropheus cervical vertebra (D — ZPAL V. 36/176), a Mastodonsaurus vertebral
centrum (E — ZPAL V. 36/924), and a Tanystropheus femur (F — ZPAL V. 36/1003).
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EDS mapping and cathodoluminescence

Results of the EDS mapping of the thin sections reveal a pattern of spatial layout of
specific elements that is generally shared within all the studied bones, and is well exemplified
in the Tanystropheus cervical vertebra ZPAL V. 36/1071 (Fig. 4). Abundance rate of several
elements seems to be highly correlated with the regions within the specimen that they usually
occupy. Fe is present in its highest concentrations in small intertrabecular spaces (Fig. 4K). In
larger cavities it is more common peripherally, as a layer lining the walls of pore cavities.
Towards the centre of the cavities, its concentration is lower, but rather consistent throughout
the whole central infill, with only some detrital grains being completely devoid of it. The bone
tissue can be easily distinguished from the sediment when observing the concentration of P
(Fig. 4J). Unsurprisingly, similarly high levels of Ca are present within the bone (Fig. 41).
Moreover, Ca is generally absent from the smaller pores and the cracks that open towards the
external surface of the bone, but present within most of the area of the larger cavities, usually
being the most abundant element therein. Presence and abundance of Ca and Mg are clearly
highly positively correlated within the mineral infill, with the latter being absent from the
bone tissue itself (Fig. 4L). Sulfur is relatively widespread throughout the whole thin section,
with visibly higher abundance within the bone, and forming some especially prominent
angular concentrations associated with iron (Fig. 4G). The detrital grains are primarily
composed of Si, Al, and O (not necessarily all three at the same time), and are most often
deposited in the larger cavities, sometimes within the calcareous matrix (Fig. 4B, N, D). An
especially high abundance of these elements can be noted within some cracks that open
towards the bone external surface, which have an infill nearly devoid of Ca. The presence of
C can be tied solely with the unfilled voids within the bone and the background area around it
(Fig. 4F), which originated from resin residue in which the specimen was submerged during
sample preparation. The remaining analysed elements were much less abundant, and their
distribution did not seem to follow any significant patterns. Observed levels of spatial
abundance and concentration of different elements give a more complete and quantitative
view into the infill composition disparity within the dataset, supplementing the identifications

made with the usage of light microscopy.

The results of cathodoluminescence were severely limited, as luminescence was
revealed only in the bone tissue, and not the mineral infill. This is likely due to high Fe/Mn
content ratios in the sectioned specimens (see Fig 4), and much higher concentrations of Fe in

the sediment, than in the surrounding bone (Fig 4K).
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Fig. 4. Comparison between microscopic images of a transverse cross section through a
Tanystropheus cervical vertebra ZPAL V. 36/1071 from the Lower Keuper (lower Ladinian) of
Miedary (Poland). Photographs with normal transmitted light (A), normal light (E), and
polarised light (H). SEM-EDS mapping results, with the distribution of Al (B), C (F), Ca (1),
Fe (K), Mg (L), Mn (M), O (N), P (J), S (G), Si (D), and a composite map showing the
dominant element in a given area (C). Scales associated with the panels mark the gradient of
spatial abundance of the measured elements in average intensity/counts of signal per pixel.
The thin section illustrated in the panel (E) comes from the opposite side of the cutting plane
from which the sample shown in the other panel has originated. Scale equals 2 mm in all

panels.

Comparative Taphonomy and Quantitative Analysis

Character matrix analysis

Both quantitative analyses (CA and NMDS) reveal considerable diversity in sediment
infill and permineralisation patterns. Clustering is primarily controlled by variation in the

proportions between three infill types: sedimentary infill, the Fe-rich mineral phases
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(sulphides and ferrous-organic infill), and the carbonate cementation. The distribution of most
samples is primarily driven by these three dominant infill components, whereas the rare
occurrence of mica and Ni-rich sulphides characterises only some samples from the M3 layer.
In contrast, mechanical alterations (e.g., cracking patterns and weathering) contributed less to
the distribution of data points. Consequently, the proportion of each type of element largely
(but not solely) reflects gradients in the type of void filling. CA1l and CA2 account for 23.2%

and 14.6% of variance, respectively.

Fig. 5. Correspondence Analysis results. CA1 and CA2 account for 23.2% and 14.6% of

variance, respectively.
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Histotaphonomic patterns do not correlate with taxonomic assignment of the
specimens, as each of the tetrapod species well-represented in the dataset occupies a
substantial, largely overlapping portion of the order space (Figs. 5-6). From among the three
most extensively studied taxa, Tanystropheus exhibits the highest apparent disparity, reflecting
a high diversity of infill types in bone cavities. In both analyses, the M3 archosauromorph
plots either at the margin of the overlapping taphospace (NMDS) or as a distinct cluster (CA),
which is mainly driven by the unique abundance of mica and the presence of Cu- and Ni-rich
sulphides. Overall, these analyses indicate that multiple taphonomic pathways can be
distinguished, but they are not taxon-specific, with the potential exception of the M3
archosauromorph, the rostrum of Saurichthys, and outliers represented by Tanystropheus

remains.

Fig. 6. Non-metric Multidimensional Scaling analysis results. The lowest recorded stress

value equals 0.205.
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Greater disparity is observed among different skeletal element types, which still form
largely overlapping clusters but display a more pronounced spread across both CA and, more
prominently, NMDS ordination spaces (Figs. 5-6). When classified according to pore size, a
similar pattern is revealed, with most data points clustering centrally, indicating overall
homogeneity in histotaphonomic patterns. However, despite substantial overlap, the cervical
vertebrae of Tanystropheus are more clearly differentiated than in the taxon-based group
comparison. Bones with small foramina (Subgroup 1) predominantly exhibit Fe-oxide linings
or pyrite, and show low degrees of void filling by both siliciclastic material and carbonate
cements. Elements with larger cavities (Subgroups 2 and 3) display less clearly defined
trends, although conspicuously higher variability is observed in elements with large foramina
compared to those with large, open cavities. In both cases, siliciclastic infill and carbonate
cementation occur more frequently than in Subgroup 1 elements. Overall, these patterns

indicate a measurable influence of pore size on bone infill patterns.

NMDS and CA vyield slightly differing results with respect to the stratigraphic origin
of the vertebrate remains (Figs. 5-6). In the NMDS order, fossil-bearing strata form highly
overlapping clusters, with only a small number of data points from individual layers
extending beyond the main overlap. CA similarly shows substantial overlap among
stratigraphic layers; however, the M3 layer is plotted as a more distinct cluster, and the M2b
layer exhibits a broader spectrum relative to the remaining layers. These patterns largely
correspond to the presence of mica in the M3 layer and circumgranular cement in the M2b
layer. Notably, three of the four sampled elements from the M3 layer are referred to the
unnamed archosauromorph taxon, which was also distinct in the taxon-based CA. The fourth
bone (ZPAL V. 36/404, Testudinata indet.) groups with the M1-M2 specimens. The M4 layer
is somewhat distinct, with a Mastodonsaurus vertebra (Fig. 3E) plotting notably outside of the
main cluster. Nevertheless, the ordinations indicate a lack of strong stratigraphic control on
histotaphonomic patterns, with the potential exception of the M3 layer; however, this

distinction remains uncertain given the similar pattern observed in the taxon-based analysis.
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Discussion

Perminalisation sequence

The spatial relationships between bone pore infills and microstructural features allow
the delineation of several potential taphonomic and early diagenetic pathways for the
accumulated skeletal elements, defining a main permineralisation sequence, although multiple
sequences appear to be represented (Fig. 7). Across the examined specimens, the earliest
phase of permineralisation is consistently associated with formation of pyrite or accumulation
of ferrous-organic matter, commonly occurring as pore linings or localised infill of minor
voids (Fig. 2C). The systematic occurrence of pyrite along bone margins, later enclosed from
the void side by clastic material or carbonate cement, supports its early diagenetic formation.
Pyrite precipitation, whereas not exclusive, is widely recognised as a commonly early
diagenetic process linked to microbial sulphate reduction under anoxic conditions during
decay of organic matter (Shapiro and Spangler 2009; Pesquero et al. 2015; Vietti et al. 2015;
Laker 2024). The former pyrite linings were likely subsequently oxidised to the Fe-oxides and
hydroxides mixture, with organic matter content due to elevation of the oxidising potential
within the microenvironment. Both types of linings often co-occur within a specimen

indicating local significance of the redox potential changes.

The very early diagenetic stage also includes the development of microcracking within
cortical bone, expressed as cracks between or around osteons (Fig. 3B, D). The concentric
microcracking around osteons, found only in one Mastodontosaurus specimen (ZPAL V.
36/927), is associated with aerial or sub-aerial exposure of the carcass during decomposition
(Pfretzschner 2000; Pfretzschner and Tiitken 2011; Laker 2024). In contrast, microcracks
extending between neighbouring osteons relate to collagen swelling during decomposition in
subaqueous conditions (Pfretzschner 2000; Pfretzschner and Tiitken 2011; Laker 2024). These

features are, however, only clearly preserved in a limited number of specimens.

Subsequently, in elements containing siliciclastic infill (Fig. 2E-F), sediment likely
entered bone pores, foramina, or cavities either via pre-existing weathering-related cracks or
through infiltration associated with gas release during decomposition (Bodzioch 2015;
Kowal-Linka 2015). A spectrum of sediment infills can be distinguished; however, they can
be classified into two main types: clay-dominated and sand-dominated infills. Both share the
same components (quartz, glauconite, mica, and clay) and differ mainly in their proportions
and grain size. This suggests formation within the same depositional environment, although in

different parts characterised by varying hydraulic energy and grain sorting. Alternatively, this
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disparity might be due to the difference in size of the openings through which sediment
entered the bone. Nearly all sedimentary infills contain glauconite, which is particularly
interesting due to its typical formation in saline environments. Its in situ origin is usually
favoured by microenvironments such as burrows, cracks, or skeletal fossils, which may lead
to the formation of glauconite aggregates composed of pellets representing a wide range of
maturation stages. In the studied bones, as well as in the surrounding sediment, glauconite is
evenly dispersed and represented predominantly by moderately mature pellets, whereas both
immature and highly mature pellets are absent. This strongly suggests that the glauconite
grains originated from the erosion of older bedrock. Moreover, nearly all glauconite grains
show varying degrees of weathering into Fe-Al oxides both inside and outside the bone
cavities (Fig. 2F). Such glauconite decomposition has been observed in modern soil examples
(REF/S?), which correlates with the common occurrence of root structures across the Miedary
section. In sandy sediment, pellets are only partially weathered, which is expressed by reddish
spots along their edges. A notably higher degree of glauconite weathering occurs in clay-rich
sediment, where most pellets are nearly completely replaced by Fe-Al oxides, forming
pseudomorphs rather than preserving the original glauconite. This disparity suggests the
formation of the clay-rich facies in a more proximal environment characterised by lower
hydraulic energy and more strongly affected by pedogenic alteration compared with the sandy
sediment. The co-occurrence of both sediment types in some samples indicates that
weathering, at least partially, took place before bone burial. Considering the pedogenic
overprint expressed by younger root structures, ongoing soil formation in proximity to the

simultaneous bone accumulation appears to be a plausible scenario.
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Fig. 7. A. Idealised scenarios of bone taphonomic trajectory in the Miedary assemblage. 1 -
Microbial sulphate reduction at presence of organic matter in anoxic microenvironment -
pyrite lining formation. 2 - Local oxidation of pyrite lining to Fe-oxides lining in oxidising
microenvironment. 3 - Macrocracking related with mechanical damage, gas release or
desiccation. 4 - Microcracking of osteons related with waterlogging in submerged conditions.
5 - Microcracking of osteons related to short term aerial exposure. 6 - Partial infill of porous

spaces with sediment. (continued on the next page)
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7 - Partial infill of interconnected porous spaces and macrocracks with sandy sediment,
permeable for phreatic solutions. 8 - Reduction of Fe compounds and nucleation of pyrite
crystals in reductive microenvironment. 9 - Possible reworking of bones within
subenvironment or with short-distance transport to different subenvironment. Possible
additional cracking and mixing of uncemented sedimentary infill. Reorientation. 10 -
Complete infill of interconnected porous spaces and macrocracks with clayish sediment, non-
permeable for phreatic solutions. 11 - Cementation of available porous and intergranular
spaces with carbonate cement. 12 - Compaction and brecciation of bones infilled with soft
uncemented clayish sediment. 13 - Limited brecciation of bones infilled with cemented sandy
sediment. 14 - Late diagenetic macrocracking related to overload pressure or microtectonics.
Infill of macrocracks with carbonate cement or sediment. B. Schematic representation of the

Miedary environment during deposition of the Unit 1 bone assemblage.

Remaining void spaces were filled at a later diagenetic stage by carbonate cements
under calcium-carbonate—saturated pore-water conditions (Kowal-Linka 2015). The carbonate
cementation is common in specimens filled with highly porous, sand-dominated sediment
(Fig. 4). By contrast, the carbonates rarely co-occur with clay infills, which probably reflects
their poor permeability for phreatic fluids (Fig. 3E). Bones lacking siliciclastic infill show
more extensive carbonate cementation occupying most of the available pore space (Figs. 2B,
3C). Carbonate cementation (at least some of its generations) appears to have occurred
relatively early after burial, as indicated by the generally limited brecciation of bone tissue.
Brecciation, where present, is likely linked to mechanical compaction related to increasing
overburden during progressive burial, which could have been limited by void cementation;
this is in line with the overall 3D preservation of most of skeletal remains from Miedary
(Czepinski et al. 2023). The carbonate cementation itself is heterogeneous, including
microsparitic, drusy, blocky, and mosaic spar, suggesting the multi-phase formation (Figs. 2B,
3C). The overall cement assemblage indicates that phreatic diagenetic conditions
predominated, as evidenced by the abundance of coarse-grained mosaic and blocky sparry
calcite cements (Fliigel 2010; Alonso-Zarza 2003). Distinct cementation phases can be
identified by contrasting cement infill patterns in secondary fractures relative to the main void
spaces within individual specimens. However, the frequent co-occurrence of multiple
carbonate cement textures within single voids, most commonly the central cavities, suggests
that progressive recrystallisation (aggrading neomorphism) might have contributed to the
observed textural variability (Freytet and Verrecchia 2002; Alonso-Zarza 2003; Fliigel 2010).
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Although such processes may also occur during deeper burial diagenesis, they are commonly
associated with deposits that experienced subaerial exposure or very shallow burial
conditions, which are conducive to neomorphic recrystallisation (Freytet and Verrecchia 2002;
Alonso-Zarza 2003; Fliigel 2010). Paedogenic alteration in the bone-bearing sediments is
consistent with the neomorphism of carbonate cements under conditions of subaerial
exposure. Yet, bone weathering (sensu Behrensmeyer 1978) is relatively low, indicating
generally rather short periods of subaerial exposure, and/or an environment that did not

prompt weathering.

Broader fractures crosscutting earlier infill phases, as well as older fractures (Fig. 3F),
likely represent later-stage mechanical alteration, occurring during resedimentation of pre-
fossilised bones, advanced diagenesis, or increasing burial compaction. These cracks are
commonly filled with either carbonate cement or, less frequently, siliciclastic material that
often differs from earlier pore infills, suggesting secondary infilling under different diagenetic
conditions. This, in turn, suggests reworking of the portion of accumulated remains.

Some unfilled fractures may reflect relatively recent damage, including breakage
during excavation or thin-section preparation. The timing of development of some features,
such as pyrite and glauconite-rich sediment oxidation, remains uncertain, as these processes
may reflect either a prolonged residence phase, an early exhumation episode, or more recent
exposure of skeletal elements. However, the specimen-specific and spatially restricted
occurrence of oxidised material, for example oxidation confined to the interior of bones while
absent in the surrounding sediment, favours the former interpretation, suggesting oxidation

during an early post-burial phase rather than recent exposure.

Origin of the bone assemblage

Overall, within the analysed sample we observe a relatively complex taphonomic
history, with periods of reworking of skeletal elements, potentially also including
reincorporation in the system of prefossilised elements (resedimentation). Interestingly, bone
infill appears largely independent of stratigraphic position and taxonomy, but exhibits some
degree of dependence on intraosseous void size. The frequent absence of both siliciclastic
infill and carbonate cementation in bones with thick cortical walls and limited pore volume
likely reflects restricted access for sediment and pore fluids, resulting in unfilled pores or
pores occupied by pyrite associated with microbial degradation of organic matter. Conversely,

the variable extent of siliciclastic and carbonate infill in bones with larger cavities and pore
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networks may reflect differences in taphonomic histories, particularly the degree of fracturing
that facilitated the ingress of external material. Despite the inclusion of taxa generally
assumed to originate from different environments (freshwater vs marine), the variance noted
between the majority of the analysed samples does not seem to be correlated with their
stratigraphic origin or taxonomy. The only specimens that are excluded from the main cluster,
encompassing the majority of studied taxa, are the remains of the unnamed archosauromorph
from the M3 layer, the Saurichthys rostrum, and the Mastodonsaurus vertebral centrum from
the M4 layer.

The co-occurrence of remains of taxa from principally different environments may
stem from the original nature of these ecosystems. During the Middle Triassic, central Europe
underwent profound environmental changes linked to sea level transgression-regression
phases (e.g., Franz et al. 2013; Mujal et al. 2025). In particular, Lower Keuper successions
resulted from the regression of the Muschelkalk Sea which triggered the expansion of
terrestrialised settings and thus the expansion of biota adapted to these. This triggered a faunal
turnover which witnessed the simultaneous disappearance of several vertebrate groups (e.g.,
most of sauropterygians, ichthyosaurs) and the dispersal of many other lineages (e.g.,
archosauriforms, dipnoans, temnospondyls) in the CEB (Hagdorn and Reif 1988; Rieppel and
Hagdorn 1997; Hagdorn and Rieppel 1999; Hagdorn et al. 2015; Mujal et al. 2025; Sues and
Shoch 2025). Miedary represents an exemplary case recording these changes, with a mixture
of vertebrate faunas from primarily different habitats. Indeed, the same layers preserve taxa
that usually do not co-occur, or if they do so, it is in great disparity. For example, plagiosaur
temnospondyls in Miedary are represented in the same layers by at least three taxa (Czepinski
et al. 2023); in particular, Plagiosternum sp. represents an exception in the assemblage, as this
taxon is usually found in marine (or marine-influenced) horizons (Schoch et al. 2025).
Remains of Nothosaurus, principally a marine taxon, are also much more common in Miedary
than in the comparable Lower Keuper sites in the western part of the CEB (Hinz et al. 2019,
2020; Schoch and Seegis 2016; Schoch et al. 2022). Pawlak et al. (2022) documented the co-
occurrence of marine-related and freshwater fish taxa within the M1-M2 layers, but
considered some of them possibly allochthonous. Our results demonstrate that this is likely
not the case.

Whereas the bone infills analysed here preserve a disparate array of different
sedimentary characteristics, the observed patterns are not taxon-specific, with the exception of

the M3 archosauromorph. Material from the glauconite beds (M1-M2) followed several
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taphonomic pathways (Fig. 7) mirrored between the three main studied taxa
(Mastodonsaurus, Nothosaurus, Tanystropheus). This strongly indicates that these remains
shared the characteristics of their decomposition, depositional environment, and early
diagenesis. We observed only limited evidence of post-mortem mixing and subsequent
deposition of remains of taxa originating from different habitats in the same assemblage. The
short transportation regime, quick burial, and the prevalence of characteristics suggesting
subaqueous conditions have already indicated that the tetrapod remains in the glauconite beds
(M1-M2) had likely originated from a spatially limited area. The new taphonomic data
supports this concept. Our results point to the sympatric presence and parautochtonous
deposition of freshwater and marine taxa within a shared paralic ecosystem. Only the M3
archosauromorph can be regarded as a possibly allochthonous element of this assemblage.

This interpretation bears further importance for resolving the question on the habitat of
Tanystropheus. As noted by Rytel (Chapter I), T. conspicuus is rare or absent in both marine
(depositional settings of the Upper Muschelkalk and the dolostone beds from Miedary) and
terrestrial (depositional settings of most of the Lower Keuper and the M3 layer from Miedary)
environments, but is common in the transitional zones between them, which are recorded in
the M1-M2 layers of Miedary. The sedimentary infill of the analysed Tanystropheus remains
does not differ from those of Mastodonsaurus and Nothosaurus. Otherwise, our analyses
(Figs. 5-6) show that the remains of Tanystropheus exhibit more taphonomic diversity than
Mastodonsaurus and Nothosaurus. This might be due to much more intensive sampling of
Tanystropheus, or the presence of a unique subenvironment within its empty cervical
vertebrae (Rytel et al. 2024b). Nevertheless, the general taphonomic homogeneity of the
glauconite beds assemblage, contrasting with the preservation of the M3 archosauromorph,
indicates a similar post-mortem history of the remains of the three main studied taxa. This
supports the interpretation of Tanystropheus as an aquatic animal that lived in near-shore
(shallow marine/brackish) environments (Nosotii 2007; Beardmore and Saller 2017; Renesto
and Saller 2018; Spiekman et al. 2020a, b; Chapter I). This also agrees with the relatively
higher proportion of remains of tetrapod taxa associated with marine habitats in this Lower
Keuper site. Its environmental preferences were likely more strict than those of
Mastodonsaurus or Nothosaurus, explaining its relative scarcity in the western part of the
CEB, and its abundance in some of the Miedary layers. Similarly to the other studied taxa
from the glauconite beds, Tanystropheus was not an allochthonous faunistic element, but a

part of a complex ecosystem with co-acting marine and freshwater influences.
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Conclusions

This study demonstrates how broad sampling of taphonomic characters and their
subsequent holistic analysis can be crucial to deciphering the diverse individual
biostratinomic pathways of vertebrate remains. Our results confirm that the massive bone
accumulation from the glauconite beds of the Middle Triassic site of Miedary has not
originated from transport and mixing of freshwater and marine taxa. Instead, the assemblage
records taxa that principally do not co-occur, but were present in the same ecosystem in
Miedary. The marine influence in the locality is especially more evident when compared to
the sites from the western part of the CEB, with taxa like Nothosaurus, Plagiosternum or
Tanystropheus being much more common in Miedary. This may be explained by the slightly
older age of Miedary (early Ladinian) with respect to the German counterparts (late
Ladinian), indicating a still strong influence of the Muschelkalk Sea in the former. This shows
the diversity of these Middle Triassic ecosystems, especially during the major environmental
turnover of the Lower Keuper. Finally, our study also confirms that the remains of
Tanystropheus were deposited in subaqueous environments even at the earliest stage of their
decomposition and diagenesis. Our study supports the interpretation of Tanystropheus as an
aquatic animal that dwelled in shallow marine/brackish habitats and not on land. Future
studies on the environmental conditions present during the deposition of the glauconite beds
in Miedary are needed to establish the characteristics of this setting more precisely, and

explain its distinct faunistic composition
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Conclusions of the thesis

The type species of Tanystropheus, T. conspicuus, is a valid taxon that can be
distinguished from the other Tanystropheus spp. by the presence of a combination of
features, including the expansion of the distal portion of the neural spines in the torso,
the posterodorsal extension of the scapular blade, and its very transversely wide
frontals. It is known only from the Central European Basin, but is reminiscent in its

morphology to T. hydroides from Monte San Giorgio and China.

The entire material of Tanystropheus from Miedary is referred to T. conspicuus,
together with a far more limited number of specimens from other localities. The site
has yielded remains of over 20 individuals of various sizes, including some juveniles.
Tanystropheus from Miedary is the largest known tanystropheid and one of the longest
Middle Triassic archosauromorphs, reaching over six meters in total maximal body

length..

The anatomy of the pectoral girdle and the humerus (especially the nearly complete
reduction of the deltopectoral crest) strongly indicate that Tanystropheus was not

capable of terrestrial locomotion.

The environmental characteristics recorded at the Miedary site (specifically the
glauconite beds) are a good proxy for inferring the preferred habitat of Tanystropheus.
The number of elements of this animal recovered at Miedary, their diversity, and state
of preservation, all point towards T. conspicuus dying, and likely living, in close
proximity to the current excavation site. Previously known localities from which the
remains of Tanystropheus were reported seem to be positioned further away from the

actual habitat of the animal.

Morphology of the cervical vertebrae of tanysaurians is unique among vertebrates. In
contrast to the pneumatised vertebrae of the later avemetatarsalians, only one, large
internal cavity was present in the tanysaurian vertebrae. This tubular architecture,
together with the high compactness of the bone walls in the cervical vertebrae of the
studied taxa, provided durability and forced rigidity of the vertebral column. The
cavity was likely filled with soft tissue, most probably bone marrow. These results
prove that the extensive internal modifications of the vertebrae were already present in

the early archosauromorphs, and might have been later exapted for pneumatisation.
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The main role of the hyperelongate cervical ribs in Tanystropheus was to transfer
tensile forces and shift the mass of the neck towards the torso. This is the first
quantitative evidence supporting the tensile member hypothesis, which was
formulated for sauropods. The individual cervical ribs could bend considerably before
breaking. They likely did not restrict the neck movements in Tanystropheus in a major
way, and could enable finer control over the head movements. Despite being
composed of a limited number of vertebrae, the neck of Tanystropheus could achieve a
range of motion comparable to those of some of the long-necked plesiosaurs. This
finding rejects previous hypotheses of either extreme stiffness and extraordinary

flexibility of the Tanystropheus neck.

The massive bone accumulation from the glauconite beds of Miedary has not
originated from long-distance transport and mixing of freshwater and marine taxa.
Instead, the assemblage records taxa that principally do not co-occur, but were present
in the same ecosystem in Miedary. The remains of Tanystropheus were deposited in
subaqueous environments even at the earliest stage of their decomposition and

diagenesis.

The abovementioned factors underline some unique aspects of biology of
Tanystropheus, but the conducted studies place these features in a broader research
context and explain their role. Virtually all available data points towards
Tanystropheus being an aquatic ambush predator that dwelled in shallow
marine/brackish habitats.

Further studies should result from the insights presented in this work. Several subjects
are of particular importance in this context, such as: analysis of the inter- and
intraspecific variation within Tanystropheus and its species; studying the myology and
biomechanics of the limbs and tail of Tanystropheus; and improving our understanding
of the causes of the convergent neck elongation in several marine reptile groups in the
Middle Triassic.
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Appendix |

Specimens referred to Tanystropheus conspicuus.

Specimen . .
number Taxon Contents Locality Stratigraphy References Notes
von Huene
1931 (fig. 6),
Shmidt 1938
BGR-B-ORIG- . . Hochstedt near .
000185673 T. conspicuus | Cervical vertebra Erfurt, Germany Lettenkeuper, Lettenkohle (fl_g. 1188b),
Spiekman and
Scheyer 2019
(supp. tab. 1)
BGR-B-STGR- . Gehédrich near .
000073870 T. conspicuus Tooth Weimar, Germany Upper Muschelkalk This study
FG 484/2006 T. conspicuus Tooth Bayreuth, Germany|  Upper Muschelkalk This study
. Bibersfeld, Lowermost Lettenkeuper, .
GG 23/159 T. conspicuus Tooth Germany Grenzbonebed This study
von Huene
1954, Kuhn
. 1969 (fig. 24,
. Tarnowskie Gory |  Upper Muschelkalk?, Megacnemus
?
GPIH 253 T. conspicuus? Humerus area?, Poland? "Rybnaer Kalk"? 3), Kuhn 1971 grandis holotype
(plate 21, fig.
1), Skawinski
etal. 2015

GPIT-PV-111898

T. conspicuus

Cervical vertebra

Ohlmiihle near
Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed?

Spiekman and
Scheyer 2019
(supp. tab. 1)

Previous number
GPIT/RE/00652

GPIT-PV-111928
and GPIT-PV-
111929

T. conspicuus

Cervical vertebra

Ohlmiihle near
Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed?

Spiekman and
Scheyer 2019
(supp. tab. 1)

Previous number
GPIT/RE/00652,
parts of the same
vertebra under
different numbers

GPIT-PV-111930
and GPIT-PV-
111931

T. conspicuus

Cervical vertebra
(11th)

Bayreuth, Germany

Upper Muschelkalk

Cast of U-MO BT
738

GPIT-PV-111932

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Cast of U-MO BT
740

GPIT-PV-111933

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Cast of U-MO BT
733 and U-MO BT
734 glued together

GPIT-PV-111934

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Cast of U-MO BT
736

GPIT-PV-42013

T. conspicuus

Cervical vertebrae

Bayreuth, Germany

Upper Muschelkalk

Casts of U-MO BT
733, U-MO BT 736,
U-MO BT 740.
Previous number
GPIT/RE/03189

GPIT-PV-44254

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Cast of U-MO BT

(10th) 737
GPIT-PV-44255 | T. conspicuus Cervn(:g:h\ge)rtebra Bayreuth, Germany|  Upper Muschelkalk Cast onL;-gMO BT
GPIT-PV-44256 | T.conspicuus | Cervical vertebra |Bayreuth, Germany| Upper Muschelkalk Cast of7l;-2MO BT

GPIT-PV-44257

T. conspicuus

Cervical vertebra

Ohlmiihle near
Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed?

Spiekman and
Scheyer 2019
(supp. tab. 1)

Previous number
GPIT/RE/00652
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Bibersfeld,

GPIT-PV-45657 | T. conspicuus Tooth Lettenkeuper, Lettenkohle | This study
Germany
GPIT-PV-45658 | T. conspicuus Tooth B(';Z‘:rrsgilg’ Lettenkeuper, Lettenkohle | This study

Spiekman and Cast of SM.F R
GPIT-PV-45822 | T. conspicuus Caudal vgrtebra Bayreuth, Germany|  Upper Muschelkalk Scheyer 2019 4092. Previous
(anterior) (supp. tab. 1) number
PP-180- | GpIT/RE/03192
. Crailsheim, Lowermost Lettenkeuper, .
GPIT-PV-45901 | T. conspicuus Teeth (19) Germany Grenzbonebed This study
Bibersfeld Together in a box
GPIT-PV-45911 | T. conspicuus Tooth ' Lettenkeuper This study |with a Nothosaurus
Germany
tooth
. Crailsheim Lowermost Lettenkeuper . Mixed with
GPIT-PV-45912 | T.conspicuus | Teeth (at least 3) German ' Grenzbonebed "| Thisstudy | Nothosaurus teeth
y within one box
. . Crailsheim Lowermost Lettenkeuper . Mixed with
GPIT-PV-46096 | T.conspicuus | Teeth (multiple) German ' Grenzbonebed "| Thisstudy | Nothosaurus teeth
y within one box
GPIT-PV-46100 | T.conspicuus | Teeth (multiple) | ~ Crailsheim, | Lowermost Lettenkeuper, | pyiq gy Nomsxaefrﬂvsitt'lem
' P P Germany Grenzbonebed y L
within one box
Ohlmiihle near Lowermost Lettenkeuper
GPIT-PV-46103 | T. conspicuus Tooth Crailsheim, Grenzbonebed PEL T This study
Germany
GPIT-PV-46105 | T.conspicuus | Teeth (at least 2) Crailsheim, Lowermost Lettenkeuper, This study
Germany Grenzbonebed
. Crailsheim, Lowermost Lettenkeuper, .
GPIT-PV-46106 | T.conspicuus Tooth Germany Grenzbonebed This study
von Huene
1902 (plate 9,
fig. 1),
Ohlmiihle near Schmidt 1928| Previous number
GPIT-PV-60009 | T. conspicuus Femur Crailsheim, Lowermost Lettenkeuper, | (fig. 1190), | GPIT/RE/03193,
German Grenzbonebed von Huene Procerosaurus
Y 1931 (fig. 3), | cruralis holotype
Spiekman and
Scheyer 2019
(supp. tab. 1)
Sacral vertebra von Huene
GPIT-PV-60011 | T. conspicuus (2nd) Laineck, Germany Upper Muschelkalk 1902 (fig. 50,
plate 6, fig. 6)
von Huene
1902 (plate 7,
fig. 2),
Schmidt 1928
(fig. 1160),
GPIT-PV-60024 Cervical vertebra (f;ttnl?;l Casts, original was
and GPIT-PV- | T. conspicuus 3th Laineck, Germany Upper Muschelkalk P id ‘ggé deposited in
60025 (13th) 1), wild 197 Munich
(p.147, 149) -
references for
the source
specimen,
which is now
lost
von Huene
1907-1908
(plate 91, fig. | Cast, original was
GPIT-PV-60131 | T. conspicuus Caudal ve'rtebra Bayreuth, Germany|  Upper Muschelkalk  |2) - reference deposited in
(posterior)
for the source Bayreuth

specimen,

which is now
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lost

GPIT-PV-60132

T. conspicuus

Caudal vertebra
(posterior)

Bindlacher Berg,
Germany

Upper Muschelkalk

Cast of SMF R 287

von Huene
1907-1908
Ohlmiihle near (plate 91, fig. Syntype of
GPIT-PV-60133 | T. conspicuus Dorsal vertebra Crailsheim, Lowermost Lettenkeuper, 5), Spiekman | Thecodontosaurus
Grenzbonebed -
Germany and Scheyer latespinatus
2019 (supp.
tab. 1)
von Huene
1907-1908
Ohlmiihle near (plate 91, fig. Syntype of
GPIT-PV-60134 | Tanystropheus? | Dorsal vertebra Crailsheim, Loweg?os;llj_ el:tebn Ijjeuper, 6), Spiekman | Thecodontosaurus
Germany enzbonebe and Scheyer latespinatus
2019 (supp.
tab. 1)
GPIT-PV-60135 | T. conspicuus Dorsal vertebra Bln(gacher Berg, Upper Muschelkalk Cast of U-MO BT
ermany 741
von Huene
1907-1908
(plate 91, fig.

GPIT-PV-60136

T. conspicuus

Dorsal vertebra

Bayreuth, Germany

Upper Muschelkalk

4) - reference
for the source
specimen,
which is now
lost

Cast, original was
deposited in
Munich

GPIT-PV-60137

T. conspicuus

Caudal vertebra
(anterior)

Ohlmiihle near
Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed

von Huene

1907-1908
(plate 91, fig.
8), Wild 1973

(fig. 57),

Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus

GPIT-PV-60138

T. conspicuus

Caudal vertebra
(anterior)

Gottingen,
Germany

Upper Muschelkalk,
nodosus-Zone

Cast of GZG.V.318

GPIT-PV-60139

T. conspicuus

Caudal vertebra
(anterior)

Bayreuth, Germany

Upper Muschelkalk

von Huene
1907-1908
(plate 92, fig.
4) - reference
for the source
specimen,
which is now
lost

Cast, original was
deposited in
Munich

Caudal vertebra

von Huene
1907-1908
(fig. 239;

plate 92, fig.

Cast, original was

GPIT-PV-60140 | T. conspicuus - Bayreuth, Germany|  Upper Muschelkalk 2) - reference deposited in
(anterior) -
for the source Munich
specimen,
which is now
lost
von Huene
1907-1908
- .. (fig. 240;
Ohlmiihle near . Syntype of
v/ . Caudal vertebra A Lowermost Lettenkeuper, | plate 92, fig.
GPIT-PV-60141 | T. conspicuus (anterior) Céallshelm, Grenzbonebed 3), Spiekman Thecodon_tosaurus
ermany latespinatus
and Scheyer
2019 (supp.
tab. 1)
GPIT-PV-60142 | T. conspicuus Ca%gﬁlt;?gtr‘;bra Bayreuth, Germany|  Upper Muschelkalk Cast of SMF R 283
= . von Huene
. Caudal vertebra Ohlm_uhle_near Lowermost Lettenkeuper, | 1907-1908 Syntype of
GPIT-PV-60143 | T. conspicuus X Crailsheim, . .| Thecodontosaurus
(anterior) Grenzbonebed (fig. 242; .
Germany plate 92, fig latespinatus
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6), Spiekman
and Scheyer
2019 (supp.
tab. 1)
von Huene
1907-1908
Ohlmiihle near (plate 92, fig. Syntype of
GPIT-PV-60144 | T. conspicuus Caudal vgrtebra Crailsheim, Lowermost Lettenkeuper, 7), Spiekman | Thecodontosaurus
(anterior) Grenzbonebed .
Germany and Scheyer latespinatus
2019 (supp.
tab. 1)
von Huene
1907-1908
Ohlmiihle near Lowermost Lettenkeuner (plate 96, fig.
GPIT-PV-60145 | T. conspicuus | Cervical vertebra Crailsheim, per, 7), Spiekman
Grenzbonebed
Germany and Scheyer
2019 (supp.
tab. 1)
von Huene
1907-1908
Ohlmiihle near (plate 96, fig.
GPIT-PV-60146 | T. conspicuus | Cervical vertebra Crailsheim, Lowermost Lettenkeuper, 4), Spiekman
Grenzbonebed
Germany and Scheyer
2019 (supp.
tab. 1)
von Huene
. Cervical vertebra | Bindlacher Berg, 1907-1908
GPIT-PV-60147 | T. conspicuus (11th) Germany Upper Muschelkalk (plate 96, fig.
2)
von Huene
1907-1908
. Ohlmiihle near (plate 96, fig. .
. Cervical vertebra . Lowermost Lettenkeuper, : Previous number
GPIT-PV-60148 | T. conspicuus (10th) Crailsheim, Grenzbonebed 6), Spiekman GPIT/RE/03191
Germany and Scheyer
2019 (supp.
tab. 1)
von Huene
1907-1908
Ohlmiihle near (plate 96, fig. .
GPIT-PV-60149 | T. conspicuus | Cervical vertebra Crailsheim, Loweén;é)s;llj_;ieﬁelzeuper, 3), Spiekman PGFEY"'(;;SE%;}%%
Germany and Scheyer
2019 (supp.
tab. 1)
GPUL . . .
uncatalogued T. conspicuus Tooth Laineck, Germany Upper Muschelkalk This study
Original specimen
i ? 2
GZG.V.306 | Tanystropheus? Caudal vertebra Hainberg?, ?Lowermost Lettenkeuper, This study label lost,
(anterior) Germany Grenzbonebed provenance
uncertain
?
GZG.V.316 T. conspicuus | Cervical vertebra .gayreuth, ?Upper Muschelkalk This study
ermany
. Cervical vertebra Thuringia, " .
GZG.V.317 T. conspicuus (11th) Germany ?Lower Keuper This study
. von Huene
Gottingen ) Syntype of
GZG.V.318 T. conspicuus Ca%gﬁlte\ﬁ;tgbra (Tillyschanze), Upﬁg&mﬂzgglnkealk’ (ﬁi?gglzg(;? Thecodontosaurus
Germany P 1) 19 latespinatus
Fragments of at
least one femur,
which can be
. Upper Muschelkalk . identified basgd on
GZG.V.319 T. conspicuus Femur Coburg, Germany nodosus-Zone Thisstudy | the characteristic
curvature,
transverse cross
section shape, and
internal anatomy
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Upper Muschelkalk,

GZG.V.320 T. conspicuus Femur Weimar, Germany This study
nodosus-Zone
Corroy 1928
MAN 2016.0.201 | T. conspicuus Tooth Mont-ls:ur-Meurthe, Upper Muschelkalk?  [(p. 121; plate| Unaccesioned
rance :
3, fig. 2)
Rehainvillers Corroy 1928
MAN 2016.0.202 | T. conspicuus Tooth F ’ Upper Muschelkalk? (p. 121; plate| Unaccesioned
rance :
3,fig. 7)
. . Kleinwalbur, Lang & von
MB.1969.54.274 | T. conspicuus | Cervical vertebra Germany Upper Muschelkalk Huene 1952
von Huene
1931 (fig. 2),
Shmidt 1938
. Cervical vertebra (fig. 1188a:a),
MB.1970.42.2 | T. conspicuus (12th) Bayreuth, Germany|  Upper Muschelkalk Kuhn 1971
(plate 214,
fig. 1a), Wild
1973 (fig. 50)
MB.R.112 T. conspicuus Tooth Bayreuth, Germany|  Upper Muschelkalk This study
MB.R.121 T. conspicuus Tooth Bayreuth, Germany|  Upper Muschelkalk This study
MB.R.122 T. conspicuus Tooth Bayreuth, Germany|  Upper Muschelkalk This study
MB.R.390.2 T. conspicuus Catzgzltevrcia(;tr(;bra Bayreuth, Germany|  Upper Muschelkalk This study
von Meyer
1849 (p. 219),
von Meyer
1847-1855 (s.
Laryszow 128, plate 27,
MB.S.11 T. conspicuus | Cervical vertebra (Larischhof), Upper MUSChelkilk’ figs 19 29)’ Paralectotype
Poland Spinosus-Zone? Skawmskl_et
al. 2016 (fig.
50,P),
Spiekman and
Scheyer 2019
(supp. tab. 1)
. Spiekman and
MHI 1/1 T. conspicuus Tooth Sattelweiler, Lowermost Lettenkeuper, Scheyer 2019
Germany Grenzbonebed
(supp. tab. 1)
. Crailsheim Lowermost Lettenkeuper Spiekman and
MHI 1/2 T. conspicuus Tooth ' ' |Scheyer 2019
Germany Grenzbonebed
(supp. tab. 1)
. Crailsheim Lowermost Lettenkeuper Spiekman and
MHI 1/3 T. conspicuus Tooth German ' Grenzbonebed ' |Scheyer 2019
y (supp. tab. 1)
Jaquier and
Ohringen Scheyer 2017,
MHI 1104 T. conspicuus | Cervical vertebra (Unterohrn), Upseirn'(\)/lsfigil:slk’ Spiekman and
Germany P Scheyer 2019
(supp. tab. 1)
Kiinzelsau- Upper Muschelkalk, ~ [oPiekman and
MHI 1142 T. conspicuus Dorsal vertebra Garnberg, Germany evolutus-Zone Scheyer 2019
(supp. tab. 1)
Satteldorf- Spiekman and
MHI 1172 T. conspicuus Ca%gﬁlte\ﬁ;tgbra Neidenfels, Uppirlm:f_czhce):lléalk, Scheyer 2019
Germany P (supp. tab. 1)
. Wittighausen near Spiekman and
MHI 1339 T. conspicuus Cervical vertebra Schwibisch Hall, Upper Muschelkalk, Scheyer 2019
(12th) nodosus-Zone
Germany (supp. tab. 1)
. Kirchberg/Jagst, Lower Lettenkeuper, .
MHI 1426 T. conspicuus | Teeth (at least 2) Germany Anthrakonitbank This study
Engelhardshausen Spiekman and
MHI 1966 T. conspicuus Femur near Crailsheim, Upper Muschelkalk  [Scheyer 2019

Germany

(supp. tab. 1)

273




MHI 2094 T. conspicuus Caudal vgrtebra Neidenfels, Upper Muschelkalk, This study
(anterior) Germany robustus-compressus-Zone
. Spiekman and
MHI 2136 T. conspicuus | Cervical vertebra Tiefenbach, Lowermost Lettenkeuper, Scheyer 2019
Germany Grenzbonebed
(supp. tab. 1)
. . Ummenhofen near | Lowermost Lettenkeuper, .
MHI 2194 T. conspicuus Ischium Vellberg, Germany Grenzbonebed This study
MHI 2195 T. conspicuus | Cervical vertebra Tiefenbach, Upper Muschelkalk, This study
Germany spinosus-Zone
MHI 2196/1, . Tiefenbach, Lowermost Lettenkeuper, .
2196/2, 2196/3 T. conspicuus Teeth (3) Germany Grenzbonebed This study
MHI 2197 T. conspicuus Tooth Satteldorf, Lowermost Lettenkeuper, This study
Germany Grenzbonebed
MHI 2198 T. conspicuus Tooth Crailsheim area, | Lowermost Lettenkeuper, This study
Germany Grenzbonebed
. Upper Muschelkalk,
MHI 2199/1 T. conspicuus Ischium Dettce;Ibach/ Main, subleavigatus-nodosus- | This study
ermany
Zone
. Upper Muschelkalk,
MHI 2199/2 T. conspicuus Cauda_l vertebra | Dettelbach/Main, subleavigatus-nodosus- | This study
(first?) Germany Z
one
. Caudal vertebra Neidenfels, Upper Muschelkalk, .
MHI 2200 T conspicuus (anterior) Germany robustus-zone This study
Kupferzell-
MHI 2201 T. conspicuus | Cervical vertebra Riiblingen, Lowermost Lettenkeuper, This study
Grenzbonebed
Germany
: Sattelweiler, Lowermost Lettenkeuper, .
MHI 276 T. conspicuus Tooth Germany Grenzbonebed This study
. Upper Muschelkalk,  |Spiekman and
MHI 67 T. conspicuus | Cervical vertebra Dettglbach/ Main, nodosus-Discoceratiten- [Scheyer 2019
ermany
Zone (supp. tab. 1)
Spiekman and
MHI 788 T. conspicuus |Dorsal rib (anterior) Wollmershausen I, Upper Muschelkalk, Scheyer 2019
Germany pulcher-Zone
(supp. tab. 1)
MLU.Ge0S.2206 | T. conspicuus | Cervical vertebra | Weimar, Germany |  Upper Muschelkalk? This study
MLU.Ge0S.2207 | T. conspicuus Tooth Weimar, Germany | Upper Muschelkalk, mo2 | This study
MNG . . .
T. conspicuus Tooth Weimar, Germany Upper Muschelkalk This study
uncatalogued
MNG-1161 T. conspicuus? Femur Molsdorf, Germany Upper Lettenkeuper, This study
' ' ' Grenzdolomit
MNG-15960 T. conspicuus Tooth Neédletendorf, Lettenkeuper, Lettenkohle | This study
ermany
MNG-15967 T. conspicuus Tooth Netcjsdletendorf, Lettenkeuper, Lettenkohle | This study
ermany
MNM 1037 - . Ettersberg near .
(partim) T. conspicuus | Cervical vertebra Weimar, Germany Upper Muschelkalk This study
- A Unaccesioned
MSBO Pal 327— Bissendorf, Upper Muschelkalk,  [Diedrich 2009 - '
5 ) )
534 Tanystropheus? Tooth Germany compressus-Zone (fig. 12) might be of

Pistosaurus
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Cervical vertebrae

Muz. PGI-NRI T. conspicuus (3), (?)dorsal Miedary, Poland Lower Lettenkeuper This study
uncatalogued
vertebra
NHMS-GT 836 | T.conspicuus | Cervical vertebra |Bindlach, Germany|  Upper Muschelkalk This study
NHMS-WT 1526 | T. conspicuus Tooth Suhlequelle near Upper Muschelkalk, mo2 | This study
Erfurt, Germany
NHMS-WT 2720 | T. conspicuus Hlium Molsdorf, Germany Lettenkeuper This study
NHMS-WT 2721 | T. conspicuus | Cervical vertebra |Molsdorf, Germany Lettenkeuper This study
i ?
NHMS-WT 2722 | Tanystropheus? Cervical _vertebra. Molsdorf, Germany Lettenkeuper This study
(posterior part)
NHMS-WT 2723 | T. conspicuus Tooth Molsdorf, Germany Lettenkeuper This study
NHMS-WT 2773 | T. conspicuus Tooth Molsdorf, Germany Lettenkeuper This study
NHMS-WT 3048 | T. conspicuus Catgﬁltevrciagtsbra Molsdorf, Germany Lettenkeuper This study
Legefeld near Upper Muschelkalk, 1m .
- ?
NHMS-WT 585b | Tanystropheus? | Caudal vertebra Weimar, Germany over Cycloidesbank This study
NHMS-WT 736 | T. conspicuus Tooth Arnstadt, Germany Lettenkeuper This study
NHMS-WT 992 | T.conspicuus | Cervical vertebra T_r0|stedt near Upper Muschelkalk, mol | This study
Weimar, Germany
NHMUK PV OR . Caudal vertebra .
48202 T. conspicuus (posterior) Bayreuth, Germany|  Upper Muschelkalk This study
NHMUK PV R T. conspicuus Cervical vertebra Bindlach, Germany|  Upper Muschelkalk Cast of SMF R 285
4012 (10th)
NHMW T. conspicuus | Cervical vertebra (Bayreuth, German Upper Muschelkalk This stud
1839/0013/0215 | - CO"P yreuh, yj e y
NME 93/133 T. conspicuus | Cervical vertebra Klzz:%n;zt;dt, Upper Muschelkalk, mo2?| This study
NME T. conspicuus? | Cervical vertebra Unknown Upper Muschelkalk? This study |Specimen label lost
uncatalogued
NME . Crailsheim, Lowermost Lettenkeuper, .
uncatalogued T. conspicuus Tooth Germany Grenzbonebed This study
NME . . .
T. conspicuus Tooth Unknown Upper Muschelkalk? This study |Specimen label lost
uncatalogued
Lamerden Upper Muschelkalk Diedrich 2015 .
n ) )
NMK Lam 1508b | Tanystropheus? | Vertebral fragment Germany enodis-posseckeri-Zone | (fig. 10C: 2) Unaccesioned
. . Hegnabrunn, Upper Muschelkalk, Cast of SMNS
PIMUZ A/1110885| T. conspicuus | Cervical vertebra Germany spinosus-Zone 54631
. . . Cast of SNSB-
PIMUZ A/1110886| T. conspicuus | Cervical vertebra |Bindlach, Germany|  Upper Muschelkalk BSPG 1988 | 32
. Vellberg-Eschenau,| Lower Lettenkeuper, .
PIMUZ A/II1 1371| T. conspicuus Tooth Germany Esterienschichten This study
Kupferzell-
PIMUZ AVIII 1372| T. conspicuus Tooth Riiblingen, | -OWermost Lettenkeuper, | ;o o gy
Grenzbonebed
Germany
PIMUZ A/III 1373| T. conspicuus Tooth Satteldorf, | Lowermost Lettenkeuper, | pc o4,
Germany Grenzbonebed
PIMUZ T. conspicuus Caudal vertebra Eschenau, Germany| Upper Muschelkalk, mo3 | This study Coll. Ch. Klug

uncatalogued

(posterior)
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PMJ P 1185

T. conspicuus

Femur

Bad Sulza,
Germany

Upper Muschelkalk?

This study

PMU
uncatalogued

T. conspicuus

Cervical vertebra
(13th)

Germany

Upper
Muschelkalk?/Lower
Keuper?

This study

RE 537.761.2
A318/1

T. conspicuus

Tooth

Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed

This study

SMF R 1031

T. conspicuus

Cervical vertebra
(posterior - ?12th)

Bayreuth, Germany

Upper Muschelkalk

This study

SMF R 1058a

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

In a box together
with a
sauropterygian
ilium

SMF R 1059

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 1061

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Edinger 1924
(fig. 2),
Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 1063

T. conspicuus

Femur

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 1076

Tanystropheus?

Metacarpal?

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 2022

T. conspicuus

Sacral vertebra

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 282a

T. conspicuus

Caudal vertebra
(anterior)

Laineck, Germany

Upper Muschelkalk,
semipartitus-Zone

von Huene
1907-1908
(fig. 237),
Wild 1973
(fig. 61),
Diedrich 2012
(fig. 14, 12),
Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus

SMF R 282b

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

von Huene
1907-1908
(fig. 250),
Wild 1973
(fig. 44),
Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 283

T. conspicuus

Caudal vertebra
(anterior)

Laineck, Germany

Upper Muschelkalk,
semipartitus-Zone

von Huene

1907-1908

(fig. 241;
plate 92, fig.
5), Wild 1973

(p.- 93),

Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus

SMF R 285

T. conspicuus

Cervical vertebra
(10th)

Bindlach, Germany

Upper Muschelkalk

von Huene
1907-1908
(plate 94, fig.
8), Edinger
1924 (fig.1),
Wild 1973
(fig. 48, fig.
97b),
Diedrich 2012
(fig. 14, 6),
Spiekman and
Scheyer 2019

(supp. tab. 1)
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SMF R 286

T. conspicuus

Caudal vertebra
(anterior)

Laineck, Germany

Upper Muschelkalk,
semipartitus-Zone

von Huene

1907-1908

(fig. 238),
Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus. Wild

1973 (fig. 60)
mentions this
number but means
SMF R 4092

SMF R 287

T. conspicuus

Caudal vertebra
(posterior)

Laineck, Germany

Upper Muschelkalk,
semipartitus-Zone

von Huene
1907-1908
(fig. 243,

plate 91, fig.
1), Wild 1973
(fig. 62), Wild
1976 (fig. 3),
Diedrich 2012
(fig. 14, 13),
Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus

SMF R 4034

T. conspicuus

Humerus

Bindlach, Germany

Upper Muschelkalk

von Huene
1920 (fig. 1),

von Huene
1958 (fig. 4),

Wild 1973

(fig. 67),

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 4092

T. conspicuus

Caudal vertebra
(anterior)

Bindlach, Germany

Upper Muschelkalk

Wild 1973
(fig. 60),
Diedrich 2012
(fig. 14, 10)

SMF R 4182

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

Cast of U-MO BT
740

SMF R 4183

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

Cast of U-MO BT
732

SMF R 4748

Tanystropheus?

Cervical rib
fragment

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 5138a

T. conspicuus

Tooth

Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed

This study

SMF R 69

T. conspicuus?

Humerus

Bayreuth, Germany

Upper Muschelkalk

Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 820

T. conspicuus

Dorsal vertebra

Bindlacher Berg,
Germany

Upper Muschelkalk

Wild 1973
(fig. 54),
Diedrich 2012
(fig. 14, 8),
Spiekman and
Scheyer 2019
(supp. tab. 1)

SMF R 913

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

SMF R 924

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

SMF R 988

T. conspicuus

Tooth

Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed

This study

SMF R 998

T. conspicuus

Cervical vertebra
(11th)

Bindlach, Germany

Upper Muschelkalk

Wild 1973 (p.
79),
Spiekman and
Scheyer 2019

(supp. tab. 1)
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SMF R 999a-c

T. conspicuus

Cervical vertebra

Bindlach, Germany

Upper Muschelkalk

von Huene
1907-1908
(fig. 251),
Edinger 1924
(fig. 3),
Spiekman and
Scheyer 2019
(supp. tab. 1),
Rytel 2024b
(fig. 1E-F)

SMFR
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

Two casts of U-MO
BT 736

SMNK-PAL . Hoheneck, Upper Lettenkeuper, .
?
34722 T. conspicuus? Femur Germany Grenzdolomit? This study
SMNK-PAL . Crailsheim, Lowermost Lettenkeuper, .
34774 T conspicuus Tooth Germany Grenzbonebed This study
Dorsal vertebrae (10
- Upper Muschelkalk,
SMNS 13337 T. conspicuus glements) and the Tiefenbach, nodosus-Discoceratiten- | This study
first sacral vertebra Germany Zone?
in articulation )
Caudal vertebra Tiefenbach Lowermost Lettenkeuper Spiekman and
SMNS 14731 T. conspicuus - ' " |Scheyer 2019
(anterior) Germany Grenzbonebed
(supp. tab. 1)
Peyer 1931
SMNS 15891 T. conspicuus | Cervical vertebra Neidenfels, Upper Muschelkalk, Spi(Z:Sr.ni?e’md
' Germany Trochitenkalk
Scheyer 2019
(supp. tab. 1)
Peyer 1931
(fig. 24), Wild
. . Crailsheim, Upper Muschelkalk, 1973 (s. 79),
SMNS 16364 T. conspicuus | Cervical vertebra Germany Discoceratitenschichten? |Spiekman and
Scheyer 2019
(supp. tab. 1)
. Spiekman and
SMNS 16643 T. conspicuus Caudal vgrtebra Tiefenbach, Upper Muschelkalk, mo3 |Scheyer 2019
(anterior) Germany
(supp. tab. 1)
. Spiekman and
. . Tiefenbach, Upper Muschelkalk,
SMNS 16737¢ | T.conspicuus | Cervical vertebra Germany Discoceratitenschichten Scheyer 2019
(supp. tab. 1)
Adam 1953
Schloss Stetten near (fig. 1),
SMNS 19197 T. conspicuus | Cervical vertebra Crailsheim, Upper Musc_:helkalk, Spiekman and
Glaukonitbank
Germany Scheyer 2019
(supp. tab. 1)
SMNS 50054 | Tanystropheus? Cervical rib Markgroningen, | Lowermost Lettenkeuper, This study
fragment Germany Grenzbonebed
SMNS 50092 T. conspicuus Tooth Mag(egrrr?g:fen’ Lower Lettenkeuper This study
von Huene
1907-1908
Caudal vertebra gl?treezelr;sgge. Cast, riginal was
SMNS 50154 T. conspicuus - Bayreuth, Germany|  Upper Muschelkalk deposited in
(posterior) for the source
A Bayreuth
specimen,
which is now
lost
SMNS 50154a | T. conspicuus Caz;;i;slt;/reir::)bra Bindlach, Germany|  Upper Muschelkalk Cast of SMF R 287
Spiekman and
SMNS 50226 T. conspicuus AXis Grombach, ppper M'uschelk'alk, Scheyer 2019
Germany Discoceratitenschichten
(supp. tab. 1)
SMNS 50232 | T. conspicuus Tooth Markgroningen, | Lower Lettenkeuper, | i o gy
Germany Untere Dolomit

278



Weiler zum Stein,

Lower Lettenkeuper,

SMNS 50237 T. conspicuus Tooth Germany Vitriolschiefer This study
SMINS 51064 T. conspicuus Tooth Rielingshausen, | Lowermost Lettenkeuper, This study
Germany Grenzbonebed
SMNS 51749 T. conspicuus Tooth Zwingelhausen, Lower Lettenkeuper, This study
Germany Blaubank
. Gerichtstetten, Upper Muschelkalk, .
SMNS 51860 T. conspicuus Tooth Germany Glaukonitbank This study
Cervical rib Riiblingen Upper Muschelkalk, .
’7 el
SMNS 51862 | Tanystropheus’ fragment Germany Discoceratitenschichten This study
- Spiekman and
. . Knittlingen, Upper Muschelkalk,
SMNS 52063 T. conspicuus | Cervical vertebra Germany Discoceratitenschichten Scheyer 2019
(supp. tab. 1)
. Riiblingen, Lowermost Lettenkeuper, .
SMNS 52293 T. conspicuus Tooth Germany Grenzbonebed? This study
Fraas 1896
(fig. 4),
- Schmidt 1928 Syntypes of
SMNS 52478 T. conspicuus Teeth (4) Cg’::i::r']m' Loweén;é)s;g_;;zeﬁelzeuper, (fig. 1115), Nothosaurus
y Rieppel and blezingeri
Wild 1996 (p.
61)
. Spiekman and
SMNS 52479 T. conspicuus | Cervical vertebra T(l;fenbach, Upper Muschelkalk  [Scheyer 2019
ermany
(supp. tab. 1)
SMNS 52479a | T. conspicuus | Cervical vertebra Tiefenbach, Upper Muschelkalk This study Morphol_o_g)_/ mostly
Germany artificial
: Mundelsheim, Upper Muschelkalk, .
SMNS 54055 T. conspicuus Tooth Germany Discoceratitenschichten This study
. Spiekman and
. . Steinbach, Lowermost Lettenkeuper,
SMNS 54056 T. conspicuus | Cervical vertebra Germany Grenzbonebed Scheyer 2019
(supp. tab. 1)
Cervical rib GroBglattbach Jaquier and
? )
SMNS 54057 | Tanystropheus? fragment Germany Upper Muschelkalk Scheyer 2017
. Unterrodach, Upper Muschelkalk,  |Ezcurra 2016
SMNS 54147 T. conspicuus Tooth Germany nodosus-Zone (fig. 14A-B)
SMNS 54148 T. conspicuus Tooth Dettelbach/Main, ppper M'uschelk'alk, This study
Germany Discoceratitenschichten
Wild 1973
Unterrodach Upper Muschelkalk (fig. 51),
SMNS 54620 T. conspicuus | Cervical vertebra ' ' |Spiekman and
Germany nodosus-Zone
Scheyer 2019
(supp. tab. 1)
Wild 1973
(fig. 73),
Ezcurra 2016
SMNS 54621 T. conspicuus Femur Hg,]nabrunn, Uppe'r Muschelkalk, (fig. 43A,B),
ermany spinosus-Zone :
Spiekman and
Scheyer 2019
(supp. tab. 1)
Upper Muschelkalk, Jaquier and
SMNS 54622 T. conspicuus Femur Bindlach, Germany| compressus-robustus- Scheyer 2017

Zone?
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Spiekman and

SMNS 54623 T. conspicuus Femur Hegnabrunn, Upper Muschelkalk, Scheyer 2019
Germany spinosus-nodosus-Zone
(supp. tab. 1)
Spiekman and
SMNS 54624 T. conspicuus Femur Lessau, Germany Uppe_r Muschelkalk, Scheyer 2019
spinosus-Zone
(supp. tab. 1)
Hegnabrunn Upper Muschelkalk Spiekman and
SMNS 54626 T. conspicuus Femur ' . ' |Scheyer 2019
Germany spinosus-Zone
(supp. tab. 1)
Spiekman and
SMINS 54627 T. conspicuus Caudal vgrtebra Unterrodach, Upper Muschelkalk, Scheyer 2019
(anterior) Germany nodosus-Zone
(supp. tab. 1)
Spiekman and
Scheyer 2019
SMNS 54628 T. conspicuus Dorsal vertebra Hegnabrunn, Upper Mu_schelkalk, (supp. tab. 1),
Germany enodis-leavigatus-Zone
Rytel et al.
2024b
Wild 1973
SMNS 54629 T. conspicuus Dorsal vertebra Dorfles near Upper Muschelkalk, Spi(Z:?r.ngﬁ)e’md
Kronach, Germany | spinosus-nodosus-Zone? Scheyer 2019
(supp. tab. 1)
. Spiekman and
SMINS 54630 T. conspicuus Cervical vertebra Hegnabrunn, Upper Muschelkalk, Scheyer 2019
(12th) Germany nodosus-Zone
(supp. tab. 1)
Wild 1973
(fig. 55),
Ezcurra 2016
SMNS 54631 T. conspicuus |Sacral vertebra (1st) Hegnabrunn, Upper Muschelkalk, (fig. 35A),
Germany spinosus-Zone -
Spiekman and
Scheyer 2019
(supp. tab. 1)
Wild 1973
(fig. 56),
SMNS 54632 T. conspicuus |Sacral vertebra (1st)(Bindlach, Germany Upper Muschelkalk, Spiekman and
nodosus-Zone?
Scheyer 2019
(supp. tab. 1)
. Spiekman and
SMINS 54633 T. conspicuus Cervical vertebra Hegnabrunn, Upper Muschelkalk, Scheyer 2019
(11th) Germany spinosus-Zone?
(supp. tab. 1)
S Kirchenthumbach
Cervical rib Lowermost Lettenkeuper .
n )
SMNS 54635 | Tanystropheus? fragment neargschenbach, Grenzbonebed? This study
ermany
Spiekman and
SMNS 54639 T. conspicuus Dorsal vertebra Urgs:;?gsch, Upﬁg&gﬂgf?gtlk:lk’ Scheyer 2019
y (supp. tab. 1)
von Huene
1931 (fig. 1),
Shmidt 1938
(fig. 1188a:b),
Kuhn 1971
(plate 21a,
SMNS 54640 | T.conspicuus | Dorsal vertebra |Bindlach, Germany| ~PPer Muschelkalk, -0 ity
compressus-Zone?
1973 (s. 84),
Diedrich 2012
(fig. 14, 9),
Spiekman and
Scheyer 2019
(supp. tab. 1)
Spiekman and
- Hegnabrunn, Upper Muschelkalk,
SMNS 54641 T. conspicuus Dorsal vertebra Germany enadis-leavigatus-Zone Scheyer 2019
(supp. tab. 1)
Spiekman and
. Unterrodach, Upper Muschelkalk,
SMNS 54642 T. conspicuus Sacral vertebra Germany nodosus-Zone Scheyer 2019

(supp. tab. 1)
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Spiekman and

SMNS 54643 T. conspicuus | Cervical vertebra Hegnabrunn, Upper MUSCh?IkaIk’ Scheyer 2019
Germany spinosus-enodis-Zone
(supp. tab. 1)
Spiekman and
SMNS 54644 T. conspicuus | Cervical vertebra Hegnabrunn, Upper Muschelkalk, Scheyer 2019
Germany nodosus-Zone?
(supp. tab. 1)
SMNS 54647 T. conspicuus | Cervical vertebra Unterrodach, Upper Muschelkalk, This study
Germany nodosus-Zone
Kiibelhof near Spiekman and
SMNS 54648 T. conspicuus | Cervical vertebra Kulmbach, Upper Muschelkalk, Scheyer 2019
nodosus-Zone
Germany (supp. tab. 1)
Wild 1973
(fig. 40),
SMNS 54653 T. conspicuus | Cervical vertebra |Bindlach, Germany Upper Muschelkalk, Spiekman and
pulcher-robustus-Zone
Scheyer 2019
(supp. tab. 1)
Ezcurra 2016
Cervical vertebra Ganheim near (fig. 338),
SMNS 54654 T. conspicuus (12th) Wiirzburg, Upper Muschelkalk  [Spiekman and
Germany Scheyer 2019
(supp. tab. 1)
SMNS 54662 T. conspicuus Tooth Hegnabrunn, Upper Muschelkalk, This study
Germany nodosus-Zone
: Forstlahm, Upper Muschelkalk, .
SMNS 54665 T. conspicuus Tooth Germany spinosus-Zone This study
. Schwingen, Upper Muschelkalk, upper .
SMNS 54666 T. conspicuus Tooth Germany Ceratitenschichten This study
- - Upper Muschelkalk, .
SMNS 54667 T. conspicuus Tooth Bindlach, Germany pulcher-robustus-Zone This study
Kiibelhof near Lowermost Lettenkeuper
SMNS 54668 T. conspicuus Tooth Kulmbach, per, This study
Grenzbonebed
Germany
SMNS 55205 T. conspicuus Tooth Vellberg-Eschenau, Lower Lettenkeuper, This study
Germany Blaubank
Ezcurra et al.
2014 (figs
16D; 18C),
Ezcurra 2016
. Berlichingen, Upper Muschelkalk, (fig. 31B),
SMNS 55341 T. conspicuus Dorsal vertebra Germany enodis-leavigatus-Zone |Spiekman and
Scheyer 2019
(supp. tab. 1),
Ezurra et al.
2020 (fig. 1D)
SMNS 56496 T. conspicuus Tooth Neudenau, Upper Musch'elkalk, m This study
Germany over Cycloidesbank
SMNS 56516 T. conspicuus Tooth Neidenfels, Lowermost Lettenkeuper, This study
Germany Grenzbonebed
- Neidenfels, Lowermost Lettenkeuper, .
SMNS 56517 T. conspicuus Tooth Germany Grenzbonebed This study
SMNS 56518 T. conspicuus Tooth Neidenfels, Lowermost Lettenkeuper, This study
Germany Grenzbonebed
SMNS 56528 | T. conspicuus Tooth Sattelweiler, | Lowermost Lettenkeuper, | e 4
Germany Grenzbonebed
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SMNS 56738 T. conspicuus Tooth Riblingen, Upper Mu schelk_alk, This study
Germany Discoceratitenschichten
SMNS 57006 T. conspicuus Tooth Mundelsheim, Lower Lettenkeuper, This study
Germany Blaubank
. Postcloacal bone | Rothenburg ob der | Lowermost Lettenkeuper, | Jaquier and
SMNS 57016 T. conspicuus (morphotype P) | Tauber, Germany Grenzbonebed Scheyer 2017
Cervical vertebra Mundelsheim Lower Lettenkeuper Spiekman and
SMNS 57531 T. conspicuus ' ' |Scheyer 2019
(13th?) Germany Blaubank
(supp. tab. 1)
SMNS 58906 T. conspicuus Tooth Mundelsheim, Lowgr I__etten_keuper, This study
Germany Vitriolschiefer
SMNS 58908 T. conspicuus Tooth Mundelsheim, Lower I__etten.keuper, This study
Germany Vitriolschiefer
- Together in a box
SMNS 58909 T. conspicuus Tooth Mundelsheim, Lowgr I__etten.keuper, This study with a
Germany Vitriolschiefer
?Nothosaurus tooth
SMNS 58914 T. conspicuus Tooth Mundelsheim, Lowe_r !_etten_keuper, This study
Germany Vitriolschiefer
Spiekman and
SMNS 59362 T. conspicuus | Cervical vertebra Urgat::;ggrz?ch, Upﬁg:jg/lsﬂzfgglnkealk, Scheyer 2019
y (supp. tab. 1)
Ohringen Spiekman and
SMNS 59380 T. conspicuus Femur (Unterohrn), Lowermost Lettenkeuper, Scheyer 2019
Grenzbonebed
Germany (supp. tab. 1)
: Rothenburg ob der | Lowermost Lettenkeuper, .
SMNS 59387 T. conspicuus Tooth Tauber, Germany Grenzbonebed This study
Upper Muschelkalk,  [Spiekman and
SMNS 59411 T. conspicuus | Cervical vertebra |Rofiwag, Germany | nodosus-Discoceratiten- |Scheyer 2019
Zone (supp. tab. 1)
SMNS 81582 | T. conspicuus Tooth Riiblingen, Upper Muschelkalk, This study
Germany Discoceratitenschichten
von Huene
1907-1908
Crailsheim (plate 96, fig.
SMNS 81583 T. conspicuus | Cervical vertebra ' Upper Muschelkalk 10),
Germany .
Spiekman and
Scheyer 2019
(supp. tab. 1)
Hegnabrunn Upper Muschelkalk Spiekman and
SMNS 81721 T. conspicuus | Cervical vertebra German ' nodosus-Zone " |Scheyer 2019
Y (supp. tab. 1)
. Postcloacal bone [Vellberg-Eschenau,|  Upper Lettenkeuper, .
SMNS 81989 T. conspicuus (morphotype Z) Germany Untere Graue Margel This study
Spiekman and
SMNS 84816 T. conspicuus Sacral vertebra  |Bindlach, Germany|  Upper Muschelkalk Scheyer 2019 Cast OgO%TlT'PV'
(supp. tab. 1)
Wild 1973
Cervical vertebra Schwingen Upper Muschelkalk (fig. 49),
SMNS 84821 T. conspicuus (11th) Germagn ' enor()jri)s—leavi atus—Zo;\e Hauschke and
Y 9 Wilde 1999
(fig. 13)
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von Huene
1902 (plate 7,

fig. 1),
A Schmidt 1928
SMNS 8728 T, conspicuus Cervical vertebra Oglgilllgziﬁfar Lowermost Lettenkeuper, | (fig. 1161), Fg:]l:lt yzrfoﬂf
- consp (12th) ' Grenzbonebed Wild 1973 (s. yzoor!
Germany 80) blezingeri
Spiekman and
Scheyer 2019
(supp. tab. 1)
Specimen together
in a box with
Schoch 2015 | SMIS 52478,
. Crailsheim, Lowermost Lettenkeuper, |(fig. 10.13:1), .
?
SMNS 91385 (?) | T. conspicuus Tooth Germany Grenzbonebed Schoch et al. number, pictured by

2018 (fig. 4q)

Schoch et al. (2018)
under the same

number as a dentary
with tricuspid teeth

von Huene
) 1907-1908
Ohlmiihle near Lowermost Lettenkeuper (plate 96, fig.
SMNS 91473 T. conspicuus | Cervical vertebra Crailsheim, G ' |5), Spiekman
renzbonebed
Germany and Scheyer
2019 (supp.
tab. 1)
Vellberg-Eschenau,|Upper Lettenkeuper, Layer Spiekman and
SMNS 91891 | Tanystropheus? Tooth Germany ' 6a of Untere Graue Mergel Scheyer 2019
(supp. tab. 1)
Emmert and
) ) Dérfles near von Horstig Unaccesionedl
SMNS 97273 T. conspicuus | Cervical vertebra Kronach. German Upper Muschelkalk {1972 (plate 2, [formerly F. Martin's
' Y fig. 4), Wild collection
1973 (fig. 43)
. - Kupferzell Lower Lettenkeuper . Unaccesioned,
SMNS 97801 T. conspicuus | Cervical vertebra G ' - - ' This study [formerly F. Gustke's|
ermany Vitriolschiefer h
collection
von Huene
1907-1908
(plate 96, fig.
- - Crailsheim, Upper Muschelkalk, (1), Wild 1973
SMNS 9863 T. conspicuus | Cervical vertebra Germany Discoceratitenschichten (fig. 43),
Spiekman and
Scheyer 2019
(supp. tab. 1)
Specimen label
SMNS T. conspicuus Cervical vertebra Crailsheim, Upper Muschelkalk Jaquier and | notes "?Beleg zu
uncatalogued ' (10th) Germany Scheyer 2017| von Huene? aus
alten bestdnden"
SMNS Kiibelhof near ) Unaccesioned:
Tanystropheus? | Caudal vertebra Kulmbach, Upper Muschelkalk? This study [formerly F. Martin's
uncatalogued h
Germany collection
SMNS - Caudal vertebra RoBlach near . Unaccesmned:
T. conspicuus - Upper Muschelkalk? This study [formerly F. Martin's
uncatalogued (anterior) Kronach, Germany .
collection
Kiibelhof near Unaccesioned,
unci{\gllzgue d Tanystropheus? ca?g:;t;/:igf)b ra Kulmbach, Upper Muschelkalk? This study [formerly F. Martin's
Germany collection
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SMNS
uncatalogued

T. conspicuus

Cervical vertebra

Dorfles near
Kronach, Germany

Upper Muschelkalk?

This study

Unaccesioned,
formerly F. Martin's
collection

SMNS
uncatalogued

Tanystropheus?

Cervical vertebra

Kiibelhof near
Kulmbach,
Germany

Upper Muschelkalk?

This study

Unaccesioned,
formerly F. Martin's
collection

SMNS
uncatalogued

T. conspicuus

Cervical vertebra
(11th)

Dorfles near
Kronach, Germany

Upper Muschelkalk?

This study

Unaccesioned,
formerly F. Martin's
collection

SMNS

T. conspicuus

Cervical vertebra

Dorfles near

Upper Muschelkalk?

This study

Unaccesioned,
formerly F. Martin's

uncatalogued (12th) Kronach, Germany collection
Unaccesioned,
SMNS T. conspicuus Coracoid Roflach near Upper Muschelkalk? This study [formerly F. Martin's

uncatalogued

Kronach, Germany

collection

SMNS
uncatalogued

T. conspicuus

Dorsal rib (3rd)

Dorfles near
Kronach, Germany

Upper Muschelkalk?

This study

Unaccesioned,
formerly F. Martin's
collection

Unaccesioned,

SMNS Tanystropheus? | Dorsal vertebra Unterrodach, Upper Muschelkalk? This study [formerly F. Martin's
uncatalogued Germany h
collection
Unaccesioned
SMNS Unterrodach . :
? ! ? !
uncatalogued Tanystropheus? | Dorsal vertebra Germany Upper Muschelkalk? This study [formerly F. _Martm S
collection
Unaccesioned
SMNS Unterrodach . :
? ' ? '
uncatalogued Tanystropheus? | Dorsal vertebra Germany Upper Muschelkalk? This study [formerly F. _Martm S
collection
Unaccesioned,
SMNS Tanystropheus? | Dorsal vertebra Unterrodach, Upper Muschelkalk? This study [formerly F. Martin's
uncatalogued Germany .
collection
SMNS . Neidenfels, Lowermost Lettenkeuper, . " . S
uncatalogued T. conspicuus Tooth Germany Grenzbonebed This study | "Collection Diem
Unaccesioned
SMNS RoBlach near . )
? o) |
uncatalogued Tanystropheus? Tooth Kronach, Germany Upper Muschelkalk? This study [formerly F. _Martm S
collection
SNSB-BSPG 1954 . Crailsheim, Lowermost Lettenkeuper, .
VI 37 T. conspicuus Tooth Germany Grenzbonebed This study
SNSB-BSPG 1973 . Crailsheim, Lowermost Lettenkeuper, .
VI 587 T. conspicuus Tooth Germany Grenzbonebed This study
Heldenmiihle near
SNSB-BSPG 1973 - s Lowermost Lettenkeuper, .
VIl 76 T. conspicuus Tooth C(r;allshelm, Grenzbonebed This study
ermany
SNSB-BSPG 1988 T. conspicuus | Cervical vertebra |Bindlach, Germany Upper Muschelkalk W'.Id 1973
132 (fig. 42)
SNSD BaTr 1 T. conspicuus | Cervical vertebra |Bayreuth, Germany Upper Muschelkalk This study
Cervical vertebra? Crailsheim Lowermost Lettenkeuper .
n ) )
SUT uncatalogued | Tanystropheus? (posterior part) Germany Grenzbonebed? This study
SUT uncatalogued| T. conspicuus Femur Bindlach, Germany|  Upper Muschelkalk This study
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SUT uncatalogued

T. conspicuus

Tooth

Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed?

This study

SUT uncatalogued

T. conspicuus

Tooth

Crailsheim,
Germany

Lowermost Lettenkeuper,
Grenzbonebed?

This study

U-MO BT 2171

T. conspicuus

Caudal vertebra
(anterior)

Bindlach, Germany

Upper Muschelkalk

Braun 1840
(plate 20, fig.
3), Wild 1973

(fig. 59),
Diedrich 2012

(fig. 14, 11),
Spiekman and
Scheyer 2019
(supp. tab. 1)

U-MO BT 3079

T. conspicuus

Humerus

Bayreuth, Germany

Upper Muschelkalk

Braun 1840
(plate 11, fig.
6), von Meyer

1847-1855
(plate 49, fig.

3), Diedrich
2012 (fig. 14,

14)

U-MO BT 732

T. conspicuus

Cervical vertebra

Bindlacher Berg,
Germany

Upper Muschelkalk

von Meyer
1847-1855
(plate 30, fig.
5), von Huene
1907-1908
(fig. 351),
Wild 1973
(fig. 39),
Diedrich 2012
(fig. 14, 2),
Spiekman &
Scheyer 2019
(fig. 6A)

Paralectotype

U-MO BT 733

T. conspicuus

Cervical vertebra

Bindlacher Berg,
Germany

Upper Muschelkalk

Braun 1840
(plate 11, fig.
1), von Meyer

1847-1855
(plate 30, fig.
1), von Huene

1907-1908
(plate 95, fig.

2), Broili

1915 (p. 52-

53), Peyer
1931 (fig. 2),
Shmidt 1938
(fig. 1188a:c),

Kuhn 1971

(plate 21a,
fig. 1c), Wild
1973 (fig. 41),
Spiekman &
Scheyer 2019

(fig. 6B),

Spiekman et
al. 2021 (figs

24B, 26B)

Paralectotype

U-MO BT 734

T. conspicuus

Cervical vertebra

Bindlacher Berg,
Germany

Upper Muschelkalk

Braun 1840
(plate 11, fig.
1), von Meyer

1847-1855
(plate 30, fig.
1), von Huene

1907-1908
(plate 95, fig.

2), Broili
1915 (p. 52-
53),
Spiekman and
Scheyer 2019

(supp. tab. 1)

Paralectotype
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U-MO BT 735

T. conspicuus

Caudal vertebra
(anterior)

Bindlacher Berg,
Germany

Upper Muschelkalk

Wild 1973
(fig. 58),
Spiekman and
Scheyer 2019
(supp. tab. 1)

U-MO BT 736

T. conspicuus

Cervical vertebra
(10th)

Bindlacher Berg,
Germany

Upper Muschelkalk

von Huene
1907-1908
(plate 95, fig.
3), Wild 1973
(fig. 46), Wild
1975 (fig. 1),
Wild 1977
(fig. 1a),
Diedrich 2012
(fig. 14, 5),
Spiekman &
Scheyer 2019
(fig. 6C)

U-MO BT 737

T. conspicuus

Cervical vertebra
(10th)

Bindlacher Berg,
Germany

Upper Muschelkalk

Braun 1840
(plate 9, fig.
5), von Meyer
1847-1855
(plate 46, fig.
1), von Huene
1907-1908
(plate 95, fig.
4), Spiekman
& Scheyer
2019 (fig. 6D)

Paralectotype

U-MO BT 738

T. conspicuus

Cervical vertebra
(11th)

Bindlacher Berg,
Germany

Upper Muschelkalk

von Huene
1907-1908
(plate 94, figs
6,7; plate 96,
fig. 9), Broili
1915 (plate 2,
figs 2-3; 3),
Edinger 1924
(fig. 2),
Schmidt 1928
(fig. 1188b),
Kuhn 1971
(plate 41b,
fig. 12),
Spiekman &
Scheyer 2019
(fig. 6F),
Rytel et al.
2024b (fig.
8F)

U-MO BT 739

T. conspicuus

Cervical vertebra
(9th?)

Bindlacher Berg,
Germany

Upper Muschelkalk

von Huene

1907-1908
(plate 94, fig.
9), Wild 1973

(fig. 45),

Diedrich 2012

(fig. 14, 4),
Spiekman &
Scheyer 2019

(fig. 6E)
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U-MO BT 740

T. conspicuus

Cervical vertebra

Bindlacher Berg,
Germany

Upper Muschelkalk

von Meyer
1847-1855
(plate 30, figs
2-4), Zittel
1887-1890
(fig. 514), von
Huene 1907-
1908 (plate
95, fig. 1),
Broili 1915
(plate 2, fig.
1), Schmidt
1928 (fig.
1188a), Peyer
1931 (fig. 1),
Peyer 1937b
(fig. 1), Peyer
1944 (fig. 49),
Peyer &
Kuhn-
Schnyder
1955 (figs 1,
21), von
Huene 1956
(fig. 657¢),
Romer 1956
(122M), Kuhn
1969 (plate.
19, fig. 18),
Kuhn 1971
(plate 21, fig.
11; 41b, fig.
11), wild
1973 (fig. 47),
Diedrich 2012
(fig. 14, 3),
Spiekman &
Scheyer 2019
(fig. 5),
Spiekman et
al. 2021 (fig.
25B), Sues
and Schoch
2025 (fig. 8C)

Lectotype

U-MO BT 741

T. conspicuus

Dorsal vertebra

Laineck, Germany

Upper Muschelkalk,
semipartitus-Zone

Braun 1840
(plate 21, fig.
6), von Huene

1907-1908
(plate 91, fig.
7), Wild 1977
(fig. 1b), Wild
1973 (fig. 53),
Diedrich 2012

(fig. 14, 7),
Spiekman and
Scheyer 2019
(supp. tab. 1)

Syntype of
Thecodontosaurus
latespinatus

U-MO
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Cervical vertebra

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Cervical vertebra
(11th)

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Femur

Bayreuth, Germany

Upper Muschelkalk

This study

U-MO
uncatalogued

T. conspicuus

Femur (distal head)

Bindlach, Germany

Upper Muschelkalk

This study
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U-MO . Postcloacal bone .
uncatalogued T. conspicuus (morphotype 2) Bayreuth, Germany|  Upper Muschelkalk This study
U-MO . .
uncatalogued T. conspicuus Tooth Bayreuth, Germany|  Upper Muschelkalk This study
U-MO . Bayreuth?, 5 .
uncatalogued T. conspicuus Tooth Germany Upper Muschelkalk? This study
. . Willebadessen Schwermann
' ?
WMNM P 117508| T. conspicuus | Cervical vertebra Niesen Upper Muschelkalk? etal. 2025
Horn-Bad
WMNM P 19420 | T. conspicuus Hlium Meinberg, Upper Muschelkalk This study
Germany
Cervical vertebra
ZPAL P. VIII (postzygapophysis L Lowermost Lettenkeuper, .
?
(partim) Tanystropheus? with a long Koscielec, Poland Grenzbonebed? This study
epiphysis)
. Six semiarticulated . Rytel et al.
ZPAL V. 36/100 | T. conspicuus cervical vertebrae Miedary, Poland Lower Lettenkeuper 20242
ZPAL V. 36/1000| T. conspicuus | Cervical rib (12th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1001| T. conspicuus | Cervical rib (12th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1002| T. conspicuus Cerwﬁilzg'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1003| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1004| T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1006 | T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1007 | T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1008| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1009| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
Czepinski et
al. 2023 (fig.
6A), Rytel et
ZPAL V. 36/101 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper al. 2024a,
Rytel et al.
2024b (figs.
1A; 5A,B,D)
ZPAL V. 36/1010| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1011| T. conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1012| T.conspicuus | Cervical ribs (2) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1013| T.conspicuus | Cervical ribs (2) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1014| T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1015| T. conspicuus Pu\tllésr,tedbor;sal Miedary, Poland Lower Lettenkeuper This study
ZPAL V Rytel et al.
; T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b (fig.
36/1016/1 1C)
ZPAL V Rytel et al.
; T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b (fig.
36/1016/2 1D)
ZPAL V. 36/1017| T. conspicuus Cervncal(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study
. Cervical vertebrae . .
ZPAL V. 36/1018| T. conspicuus (2), dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1019| T. conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
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Rytel et al.

. Cervical vertebra . 2024a, Rytel
ZPAL V. 36/102 | T. conspicuus (9th) Miedary, Poland Lower Lettenkeuper ot al. 2024b
(fig. 5C,E,F)
ZPAL V. 36/1020| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1021| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1022| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1023| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1024| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1025| T. conspicuus Cervm_al ”t? (12th), Miedary, Poland Lower Lettenkeuper This study
cervical ribs (2)
ZPAL V. 36/1026| T.conspicuus | Dorsal rib (1st?) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1027| T. conspicuus |Cervical rib (12th?)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1028| T. conspicuus Cerwca_l rib Miedary, Poland Lower Lettenkeuper This study
(posterior)
ZPAL V. 36/1029| T. conspicuus Cerwca_l rib Miedary, Poland Lower Lettenkeuper This study
(posterior)
. . . Rytel et al.
ZPAL V. 36/103 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 20242
ZPAL V. 36/1030| T.conspicuus | Dorsal rib (2nd?) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1031| T.conspicuus | Dorsal rib (2nd?) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1032| T. conspicuus Dorsal rib (1st) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1033| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1034| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
Dorsal vertebrae
ZPAL V. 36/1035| T. conspicuus |(3), caudal vertebra| Miedary, Poland Lower Lettenkeuper This study
(anterior), tooth
Rytel et al.
ZPAL V. 36/1036| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper 2024b (fig.
6D)
ZPAL V. 36/1037| T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1038| T.conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1039| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra Rytel et al
ZPAL V. 36/104 | T. conspicuus Miedary, Poland Lower Lettenkeuper 2024a, Rytel
(10th)
et al. 2024b
ZPAL V. 36/1040| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1041| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1042| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1043| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1044| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1045| T. conspicuus Cau(gﬁlt ;?gtre):bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1046 | T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1047| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1048| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1049| T. conspicuus Cerw?ii‘!gt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra Rytel et al.
ZPAL V. 36/105 . conspicuus Miedary, Poland Lower Lettenkeuper 2024a, Rytel
(10th)
et al. 2024b
ZPAL V. 36/1050| T. conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1051| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1052| T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1053| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1054| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1055| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1056| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1057 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1058| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1059| T. conspicuus Cervu(:%xqe)rtebra Miedary, Poland Lower Lettenkeuper This study
Rytel et al.
. Cervical vertebra . 2024a, Rytel
ZPAL V. 36/106 . conspicuus (11th) Miedary, Poland Lower Lettenkeuper et al. 2024b
(fig. 6AE,)
ZPAL V. 36/1061| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1062| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1063| T. conspicuus Catigzlt;'?cr)tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1064| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1065| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1066| T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1067 | T. conspicuus Caudal ve_rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)
ZPAL V. 36/1068| T. conspicuus Ca%gﬁlt;?gtr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1069| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
. Rytel et al.
ZPAL V. 36/107 . conspicuus Cervical vertebra Miedary, Poland Lower Lettenkeuper 2024a, Rytel
(11th)
et al. 2024b
ZPAL V. 36/1070| T. conspicuus Caudal ve'rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)
. . . Rytel et al.
ZPAL V. 36/1071| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b
ZPAL V. 36/1072| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1073| T. conspicuus Cerw?%x]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1074| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1075| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1076| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
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Cervical vertebra

ZPAL V. 36/1077| T. conspicuus (11th) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1078| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1079| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
Rytel et al.
. Cervical vertebra . 2024a, Rytel
ZPAL V. 36/108 | T. conspicuus (12th) Miedary, Poland Lower Lettenkeuper et al. 2024b
(fig. 6B,F,J)
ZPAL V. 36/1080| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1081| T. conspicuus Calgﬁlt;?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1082| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1083| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1084| T. conspicuus Hium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1085| T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
Femur, cervical
vertebra (10th),
ZPAL V. 36/1086| T. conspicuus cerwc_al vertebra, Miedary, Poland Lower Lettenkeuper This study
pubis, dorsal
vertebra, caudal
vertebra (anterior)
ZPAL V. 36/1087| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1088| T. conspicuus Cervu(:fllt\;e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1089| T. conspicuus Cemcal(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study
. Cervical vertebra . Rytel et al.
ZPAL V. 36/109 | T. conspicuus (12th) Miedary, Poland Lower Lettenkeuper 20243
. . . Rytel et al.
ZPAL V. 36/1090| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b
ZPAL V. 36/1091| T. conspicuus |Dorsal vertebrae (2)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1092| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1093| T. conspicuus | Dorsal rib (2nd) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1094| T.conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1095| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1096| T.conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1097 | T.conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1098| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
. Rytel et al.
ZPAL V. 36/1099| T. conspicuus | CErvical vertebra | v oy poland | Lower Lettenkeuper | 2024b (fig.
(10th)
8D,G)
Rytel et al.
Cervical vertebra 20243, Rytel
ZPAL V. 36/110 | T. conspicuus Miedary, Poland Lower Lettenkeuper et al. 2024b
(13th) . .
(figs. 6C,G,K;
10)
ZPAL V. 36/1100| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1101| T. conspicuus Coracm?i,bcervncal Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1102| T. conspicuus Cora(\:/(élrcti,et():re;vncal Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1103| T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1104| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1105| T.conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1106| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1107 | T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1108| T. conspicuus Dorsal rib (1st) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1109| T. conspicuus Do;glc\ﬁ;:(tj)rﬁg\sl ith Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/111 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1110| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1111| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1112| T. conspicuus Teeth (2) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1113| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1114| T. conspicuus | Cervical ribs (2) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1115| T. conspicuus Coracoid? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1116| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1117| T. conspicuus Catzgzlt;'?cr)tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1118| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1119| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study

Rytel et al.
ZPAL V. 36/112 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper 2024b (fig.

6H,L)
Two dorsal
ZPAL V. 36/1120| T. conspicuus vertebrae in Miedary, Poland Lower Lettenkeuper This study
articulation, pubis

ZPAL V. 36/1121| T. conspicuus Catzgﬁltevr&iecr)trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1122| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1123| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1124| T. conspicuus Ca%gﬁlte\ﬁ(;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1125| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1126| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1127| T. conspicuus ilium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1128| T. conspicuus Cervi?iillt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1129| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/113 | T. conspicuus Calgﬁlt ;?;tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1130| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1131| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1132| T. conspicuus Cervi?iilzx]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1133| T. conspicuus Cervi?ii‘!gt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1134| T.conspicuus | Sacral vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1135| T. conspicuus Catjsgslt\e/figf)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1136| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1137| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1138| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1139| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/114 . conspicuus Calgzltevr?gtr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1140| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1141| T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1142| T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1143| T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1144| T. conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1146| ((:82;?:%] us CI:I'C\zi(:uaT\'/(ilritueEﬂera Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1147| T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1148| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1149| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/115 . conspicuus Ca&];l:slt\éfir;(re)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1150| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1151| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1152| T. conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1153| T. conspicuus ”iu\Ta‘rtCe %r:;ical Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1154| T. conspicuus Dorsal rib (1st) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1155| T. conspicuus Dorsal rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1156| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1157| T. conspicuus Dorsal rib? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1158| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1159| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/116 . conspicuus Ca&?(?slt\efigf)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1160| T. conspicuus Ca%gﬁlt;?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1161| T. conspicuus Dorsal rib (2nd) | Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1162| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1163| T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1164| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1165| T. conspicuus Coracoid? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1166| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1167| T. conspicuus Cervi?fét\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1168| T. conspicuus Dorsal rib (1st) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1169| T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/117 | T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1170| T. conspicuus Axis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1171| T. conspicuus Cerviﬁillg'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1172| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1173| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1174| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1175| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1176| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1177| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1178| T. conspicuus Dorsal rib Miedary, Poland Lower Lettenkeuper This study
Dorsal rib
ZPAL V. 36/1179| T. conspicuus | (anterior), cervical | Miedary, Poland Lower Lettenkeuper This study
vertebra
ZPAL V. 36/118 | T. conspicuus Cervic(%ltx;a rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1180| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1181| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1182| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1183| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1185| T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1186| T. conspicuus Ca%gﬁlte\ﬁ;tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1187| T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1188| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1189| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/119 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1190| T. conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1191| T. conspicuus | Tooth, cervical rib | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1192| T. conspicuus Cervical vertebra Miedary, Poland Lower Lettenkeuper This study

(13th)
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ZPAL V. 36/1193| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
Femur, dorsal
ZPAL V. 36/1194| T. conspicuus v:ret;tggzﬁ?:r?g:), Miedary, Poland Lower Lettenkeuper This study
pubis
ZPAL V. 36/1195| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1196 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1197| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1198| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1199| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/120 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1200| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1201| T. conspicuus Hium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1202| T. conspicuus Cervic(%lt;]/;e rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1203| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1204| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1205| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1206| T. conspicuus C(Sg\féfi'orri)b Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1207 | T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1208| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1209| T. conspicuus Cervi((:ilzma)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/121 . conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1210| T. conspicuus Dentary Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1211| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1213| T. conspicuus Maxilla Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1214| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1215| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1216| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1217| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1218| T. conspicuus Cagpd:slt;/:eir;&re)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1219| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/122 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1220| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1221| T. conspicuus Fibu'?égtTems' Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1222| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1223| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1224| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1225| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1226| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1227| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1228| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1229| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/123 . conspicuus Dorsal rib (1st) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1230| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1231| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1232| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1233| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1234| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1235| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1236| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1237| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1238| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1239| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra,
ZPAL V. 36/124 . conspicuus 22&32\(/98':;%3 Miedary, Poland Lower Lettenkeuper This study
(anterior)
ZPAL V. 36/1240| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1241| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1242| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1243| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
Skull roof - fused
ZPAL V. 36/1244| T. conspicuus Qg;i?ﬂ;’ggﬂgﬂs Miedary, Poland Lower Lettenkeuper This study
postorbitals (2)
ZPAL V. 36/1245| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1246| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1247| T.conspicuus | Cervical rib (12th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1248| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1249| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
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Articulated or
associated: 11
dorsal vertebrae,
two sacral

ZPAL V. 36/125 | T. conspicuus vertebrae, three Miedary, Poland Lower Lettenkeuper This study
caudal vertebrae,
dorsal ribs,
gastralia, scapula,
ilium, pubis
ZPAL V. 36/1250| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1251| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1252| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1253| T.conspicuus | Cervical ribs (5) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1254| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1255| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1256| T. conspicuus Cervi?flgée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1257 | T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1258| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1259| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/126 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper Ryztggitbal.
ZPAL V. 36/1260| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1261| T. conspicuus Catzgﬁltevr&iecr)trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1262| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1263| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1264| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1265| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1266| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1267 | T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1268| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1269| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/127 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1270| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1272| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1273| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1274| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1275| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1276| T. conspicuus Cervical vertebra Miedary, Poland Lower Lettenkeuper This study

(13th)
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ZPAL V. 36/1277| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1278| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1279| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/128 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1280| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1281| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1282| T. conspicuus Cervi?iiIZt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1283| T. conspicuus Calzgzltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1284| T. conspicuus (:(eiro\/th)fili\s/;zEzl?;a Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1285| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1286| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1287| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1288| T. conspicuus Cerviﬁillg'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1289 T ((:SQ?E:T?;J us Cervi?illt\'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/129 | T. conspicuus Cervi?ilst\'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1290| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1291| T. conspicuus Catzgzltevr&ie(;tr&;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1292| T. conspicuus Catzgﬁltevr&ia(;trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1293| T. conspicuus Catzgﬁltevr&ia(;trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1294| T. conspicuus Caligﬁlt‘;?ét;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1295| T. conspicuus Cervi?iillée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1296| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1297| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1298| T. conspicuus ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1299| T. conspicuus Ca%gﬁlt;?;tgbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/130 | T. conspicuus Ca%gﬁlt;?gtr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1308| T. conspicuus Clavicle Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/131 | T. conspicuus Ca%gﬁlt;i;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/132 | T. conspicuus Ca%gﬁlt;i;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/133 | T. conspicuus AXis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/134 | T. conspicuus Ca&?(?slt\efigf)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1340 T ESQ?E:%’ us Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/135 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1350| T. conspicuus Quadratum Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/136 . conspicuus Caudal ve'rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)
ZPAL V. 36/137 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/138 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/139 . conspicuus Caudal ve_rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)
ZPAL V. 36/140 . conspicuus Cerw?ii:)t\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/141 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/142 . conspicuus Calzgzltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/143 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/144 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/145 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/146 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/147 . conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
: Caudal vertebra - .
ZPAL V. 36/148 . conspicuus (anterior) Miedary, Poland Lower Lettenkeuper This study
. Cervical vertebra . Rytel et al.
ZPAL V. 36/149 . conspicuus (11th) Miedary, Poland Lower Lettenkeuper 2024b
Rytel et al.
ZPAL V. 36/150 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b (fig.
8A)
ZPAL V. 36/151 . conspicuus Cervu(:fllma)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/152 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/153 . conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/154 . conspicuus Cerwc(a;)ltx;e rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/155 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
Rytel et al.
ZPAL V. 36/156 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b (fig.
8H)
ZPAL V. 36/157 . conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/158 . conspicuus Cerw?iillt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/159 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/160 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/161 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/162 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/163 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/164 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/165 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
. Cervical vertebra - Rytel et f"ll'
ZPAL V. 36/166 . conspicuus (10th) Miedary, Poland Lower Lettenkeuper 2024b (fig.
8E)
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Caudal vertebra

ZPAL V. 36/167 . conspicuus ; Miedary, Poland Lower Lettenkeuper This study
(posterior)

ZPAL V. 36/168 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/169 . conspicuus Caudal ve'rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)

ZPAL V. 36/170 . conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1700| T. conspicuus Cervmal(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1701| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1702| T. conspicuus Coracoid, caU(_jaI Miedary, Poland Lower Lettenkeuper This study

vertebra (anterior)
ZPAL V. 36/1703| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1704| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra,

ZPAL V. 36/1705| T. conspicuus caudal vertebra Miedary, Poland Lower Lettenkeuper This study
(anterior)

ZPAL V. 36/1706| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study

Caudal vertebra
ZPAL V. 36/1707 | T. conspicuus | (anterior), cervical | Miedary, Poland Lower Lettenkeuper This study
vertebra

ZPAL V. 36/1708| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1709| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/171 . conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1710| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

ZPAL V.36/1711| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1712| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1713| T. conspicuus |Dorsal vertebrae (2)| Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1714| T. conspicuus Caligﬁlt‘;?ét;bra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1715| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1716| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1717| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

. Caudal vertebra - .

ZPAL V. 36/1718| T. conspicuus (anterior) Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1719| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/172 . conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study

ZPAL V.36/1720| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1721| T. conspicuus Caudal ve'rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)

ZPAL V. 36/1722| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1723| T. conspicuus Ca%gﬁlt;?(;tr‘;bra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1724| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study

ZPAL V. 36/1725| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
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Sacral vertebra,

ZPAL V. 36/1726| T. conspicuus three caudal Miedary, Poland Lower Lettenkeuper This study
vertebrae (anterior)
ZPAL V. 36/1727| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1728| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1729| T. conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/173 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1730| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1731| T. conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1732| T. conspicuus Caudal v_ertebrae Miedary, Poland Lower Lettenkeuper This study
(anterior, 2)
ZPAL V. 36/1733| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1734| T. conspicuus Caligzltevr?gtr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1735| T. conspicuus Caudal ve'rtebra Miedary, Poland Lower Lettenkeuper This study
(posterior)
ZPAL V. 36/1736| T. conspicuus Caligzlte\ﬁ;tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1737| T. conspicuus Caligzlt;?;tsbra Miedary, Poland Lower Lettenkeuper This study
Caudal vertebra
(posterior), caudal
ZPAL V. 36/1738| T.conspicuus | vertebra (anterior), | Miedary, Poland Lower Lettenkeuper This study
cervical vertebra
(13th)
ZPAL V. 36/1739| T. conspicuus Catzgﬁltevr&iecr)trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/174 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1740 T ((:;2;?:%1 us Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
Caudal vertebra
ZPAL V. 36/1741| T. conspicuus | (anterior), dorsal | Miedary, Poland Lower Lettenkeuper This study
vertebra
ZPAL V. 36/1742| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1743| T. conspicuus Catzgﬁltevr&iecr)trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1744| T. conspicuus Ca%gilt;?gtgbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1745| T. conspicuus Cervn(:fllée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1746| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1747| T. conspicuus Ca%gilte\ﬁ(;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
Caudal vertebra
ZPAL V. 36/1748| T. conspicuus (anterior), Miedary, Poland Lower Lettenkeuper This study
postcloacal bone
ZPAL V. 36/1749| T. conspicuus Ca%gilt;?gtr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/175 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1750| T. conspicuus Cervu(:fIB:;e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1751| T. conspicuus Cau((;lﬁlt;?(;tre):bra Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1752| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1753| T. conspicuus Cervi?iilzx]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1754| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1755| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1756| T. conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1757 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1758| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1759| T. conspicuus Cervi((:i\IZt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/176 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper Ryztglzztbal.
ZPAL V. 36/1760| T. conspicuus Calgzltevr?gtr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1761| T. conspicuus Cazjaﬁlexg:tyeg)rae Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1762| T. conspicuus Calgzlt;?gtsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1763| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1764| T. conspicuus Quadratum Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1766| T.conspicuus |Sacral vertebra (1st)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1767| T. conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1768| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1769| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/177 . conspicuus Hium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1770| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1771| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1772| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1773| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1774| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1775| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1776| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1777| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1778| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1779| T. conspicuus Cervi((:flzée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/178 . conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1780| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1781| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1782| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/1783| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1784| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1785| T. conspicuus Catgﬁltevr?(;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1786| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1787| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1788| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1789| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/179 . conspicuus Premaxilla Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1790| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1791| T. conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1792| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1793| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1794| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1795| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1796| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1797| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1798| T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/1799| T. conspicuus Dentary Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/180 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
Rytel et al.
ZPAL V. 36/181 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper 2024b (figs.
7B; 8B)
ZPAL V. 36/182 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
Two dorsal

ZPAL V. 36/183 . conspicuus _verte_brae in Miedary, Poland Lower Lettenkeuper This study

articulation, caudal

vertebra (posterior)
ZPAL V. 36/184 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/185 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/186/1| T. conspicuus Cervn(:%;;e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/186/2| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/187 . conspicuus querus, two Miedary, Poland Lower Lettenkeuper This study

cervical vertebrae

Cervical vertebra
ZPAL V. 36/188 . conspicuus (10th), cervical Miedary, Poland Lower Lettenkeuper This study
vertebra

ZPAL V. 36/189 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/190 . conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/191 . conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study

303




ZPAL V. 36/192

. conspicuus

Cervical vertebra

Miedary, Poland

Lower Lettenkeuper

Rytel et al.

2024b

. Cervical vertebrae - Rytel et ?I'

ZPAL V. 36/193 . conspicuus @) Miedary, Poland Lower Lettenkeuper 2024b (fig.
8C)

ZPAL V. 36/194 . conspicuus |Dorsal vertebrae (2)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/195 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/196 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/197 . conspicuus Cervi?iillt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/198 . conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/199 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/221 ' ((:ggrstF::S;J us Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2400| T. conspicuus | Cervical rib (13th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2401| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2402| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2403| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2404| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2405| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2406| T.conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2407 | T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2408| T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2409| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2410| T. conspicuus Caligﬁlt‘;?ét;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2411| T. conspicuus Caligﬁlt‘;?ét;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2412| T. conspicuus Cervi?iilm\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2413| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2414| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2415| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2416| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2417| T. conspicuus C(Sg\gitg?ilorri)b Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2418| T. conspicuus Ca%gﬁlt;i;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2419| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2420| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2422| T. conspicuus Ca%gﬁlt;?(;tr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2423| T. conspicuus Ca%gﬁlt;?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2424| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
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Cervical vertebra

ZPAL V. 36/2425| T. conspicuus (10th) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2426| T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2427| T. conspicuus Cervical(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2428| T. conspicuus Dentary Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2429| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2430| T. conspicuus | Cervical rib (11th) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2431| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2432| T. conspicuus Calzgzltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2433| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2434| T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2435| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2436| T.conspicuus | Cervical ribs (5) | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2437| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2438| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2439| T. conspicuus Catgﬁltevrciagtsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2440| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2441| T. conspicuus Cervici?:uvrf]rtebra, Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2442| T. conspicuus Catzgﬁltevr&ia(;trc;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2443| T. conspicuus Hium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2444| ?82?5:%] us Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2445| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2446| T. conspicuus Catzgzlt;'?cr)tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2447| ?82?5:%1 us Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2448| T. conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2449| T. conspicuus Clavicle Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2451| T. conspicuus Ca%gﬁlt;?gtr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2452| T. conspicuus Cervi((:iIZt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2453| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2454| T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2455| T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2456 | T. conspicuus Dorsal rib (3rd) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2457 | T. conspicuus Dorsal rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2458 | T. conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/2459| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2460| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2461| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2462| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2463| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2464| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2465| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2466| T.conspicuus | Postcloacal bone | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2467 | T. conspicuus ISChi\L/J:t’e%?;Vical Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra
ZPAL V. 36/2468| T. conspicuus (11th), cervical Miedary, Poland Lower Lettenkeuper This study
vertebra
ZPAL V. 36/2469| T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2470| T. conspicuus (Egg\éitg?ilorri)b Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2471| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2472| T. conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2473| T. conspicuus Scapula? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2474| T. conspicuus Maxilla Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2475| T. conspicuus |Dorsal rib (anterior)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2476| T. conspicuus Cervical rib Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2477| T.conspicuus |Dorsal vertebrae (2)| Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2478| T. conspicuus CaEJS:SItZreir;&ra)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2479| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2480| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2481| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2482| T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2483| T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2484| T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2485| T. conspicuus Cervi?f%e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2486| T. conspicuus ng\:isgz:lv\;?tr;%t:;a, Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2487| T. conspicuus Premaxilla Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2488| T. conspicuus Radius Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2489| T. conspicuus Calgﬁlt ;?;tr(;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2490| T. conspicuus Cau(gﬁlt ;?gtre):bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2491| T. conspicuus Cau(gﬁlt ;?gtre):bra Miedary, Poland Lower Lettenkeuper This study
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ZPAL V. 36/2492| T. conspicuus Maxilla Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2493| T. conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2494| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2495| T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2496 | T. conspicuus Catzgﬁltevr?;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/2541| T. conspicuus Pterygoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. . conspicuus Caudal vertebra . .
36/302/04 (partim) (anterior) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/341 ' ((:ggrsﬁ:ﬁy us Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
R Caudal vertebra
ZPAL V. 36/525 ' P (anterior), dorsal | Miedary, Poland Lower Lettenkeuper This study
(partim)
vertebra
ZPAL V. 36/537 - conspicuus Dor§al ve_rtebra, Miedary, Poland Lower Lettenkeuper This study
(partim) cervical rib head
Czepinski et
ZPAL V. 36/550 . conspicuus Axis Miedary, Poland Lower Lettenkeuper al. 2023 (fig.
6B)
ZPAL V. 36/551 . conspicuus CervaIZt\;e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/574 . conspicuus Quadratum Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/579 - conspicuus Cervical rib (12th), Miedary, Poland Lower Lettenkeuper This study
(partim) tooth
Femur, seven
associated dorsal
conspicuUs vertebrae, cervical
ZPAL V. 36/584 ' (a rt[?m) vertebrae (11th- | Miedary, Poland Lower Lettenkeuper This study
P 13th), ribs (12th,
13th, anterior
dorsal)
ZPAL V. . conspicuus Scapula, caudal . .
36/585a+b (partim) vertebra (anterior) Miedary, Poland Lower Lettenkeuper This study
conspicuUs Dorsal vertebrae
ZPAL V. 36/586 ' P (2), caudal vertebrae| Miedary, Poland Lower Lettenkeuper This study
(partim) @)
Cervical vertebra,
. conspicuus two caudal . .
ZPAL V. 36/587 (partim) vertebrae (anterior), Miedary, Poland Lower Lettenkeuper This study
dorsal vertebra
ZPAL V. 36/589 - conspicuus Coracoid, dorsal Miedary, Poland Lower Lettenkeuper This study
(partim) vertebra
conspicuus Postcloacal bone
ZPAL V. 36/597 ' (a rgm) (P), caudal vertebra| Miedary, Poland Lower Lettenkeuper This study
P (posterior)
ZPAL V. 36/800 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/801 . conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/802 . conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
- Cervical vertebrae - .
ZPAL V. 36/803 . conspicuus (3), humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/804 . conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
Ilium, ischium,
ZPAL V. 36/805 .conspicuus | cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
(11th)
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ZPAL V. 36/806 | T.conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/807 | T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/808 | T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/809 | T. conspicuus Cervi?iizlgt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/810 | T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/811 | T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/812 | T.conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/813 | T. conspicuus Hlium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/814 | T. conspicuus Coracoid Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/815 | T.conspicuus Pubis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/816 | T.conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/817 | T. conspicuus Coracoid? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/818 | T. conspicuus Ischium Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/819 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/820 | T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/821 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/822 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/823 | T.conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/824 | T. conspicuus dc?rgls E:ilbv?argig?c’) 9 Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/825 | T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/826 | T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/827 | T.conspicuus | Dorsal vertebra? | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/828 | T. conspicuus Catigzltevr&ie(;tgbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/829 | T. conspicuus Ulna Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/830 | T. conspicuus Radius Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/831 | T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/832 | T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/833 | T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/834 | T. conspicuus Fibula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/835 | T. conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/836 | T.conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/837 | T.conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/838 | T.conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
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Cervical vertebra

ZPAL V. 36/839 . conspicuus (10th) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/840 . conspicuus Ca;];ineile:’/i%rrt%bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/841 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra
ZPAL V. 36/843 . conspicuus (13th), dorsal Miedary, Poland Lower Lettenkeuper This study
vertebrae (2)
ZPAL V. 36/844 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/845 . conspicuus Cervi((:ilzx]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/846 . conspicuus Cervi((:il);;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/847 . conspicuus Axis Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/848 . conspicuus Cervi((:ilst\'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/849 . conspicuus Cervi((:flzée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/850 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/851 . conspicuus Cervi?fllt\ﬁ)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/852 . conspicuus Cervi?fé%e)rtebra Miedary, Poland Lower Lettenkeuper This study
Cervical vertebra
ZPAL V. 36/853 . conspicuus (12th), caudal Miedary, Poland Lower Lettenkeuper This study
vertebra (anterior)
ZPAL V. 36/854 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/855 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/856 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/857 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/858 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/859 . conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/860 . conspicuus Cervi?iillée)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/862 . conspicuus Cervical(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/863 . conspicuus Cervical(zv)ertebrae Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/864 .conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/865 . conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/866 . conspicuus Cervi((:ilgt\;]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/867 . conspicuus Ca%gﬁlt;?gtr‘;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/868 . conspicuus CaLEgﬁlt;?(;tsbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/869 . conspicuus Cagsgslt\efigf)bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/870 . conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/871 . conspicuus Sacr?ZIr:/de;;ebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/872 .conspicuus | Sacral vertebra? | Miedary, Poland Lower Lettenkeuper This study
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Cervical vertebra

ZPAL V. 36/873 | T. conspicuus (13th) Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/874 | T. conspicuus Ca;gi:slt\e/fir;%bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/875 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/876 | T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/877 | T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/878 | T. conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/879 | T.conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/880 | T.conspicuus Femur Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/881 | T.conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/882 | T.conspicuus Humerus Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/883 | T.conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/884 | T. conspicuus Sacral vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/885 | T. conspicuus Tibia Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/886 | T.conspicuus Cervi((:illt\'/qe)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/887 | T. conspicuus Cer(\:/ei(r:\?ilc\;?rrti%bra, Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/888 | T. conspicuus Catzgzltevrcia(;tgbra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/889 | T. conspicuus Dorsal vertebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/890 | T.conspicuus Tooth Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/891 | T.conspicuus Dorsal vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/892 | T.conspicuus Caligﬁlt‘;?ét;bra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/893 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/894 | T. conspicuus Axis? Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/895 | T.conspicuus | Cervical vertebra | Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/896 | T. conspicuus Scapula Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/897 T ((:82;‘?:%' us C(i%lr?)e,‘la\;etgﬁg:a Miedary, Poland Lower Lettenkeuper This study
orsal rib
ZPAL V. 36/898 | T. conspicuus Cervi?%x]e)rtebra Miedary, Poland Lower Lettenkeuper This study
ZPAL V. 36/899 | T. conspicuus Cervi?f%e)rtebra Miedary, Poland Lower Lettenkeuper This study
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Measurements of the bones referred to Tanystropheus conspicuus.

Length Length Height (at Height
Specimen number Taxon Contents (centrum) (maximal) midpoint) | (maximal)
[mm] [mm] [mm] [mm]
GPIH 253 T. conspicuus? Humerus 216
MB.1970.42.2 T. conspicuus Cervical vertebra (12th) 87
MHI 1142 T. conspicuus Dorsal vertebra 47
MHI 1172 T. conspicuus Caudal vertebra (anterior) 34 49 67
MHI 1339 T. conspicuus Cervical vertebra (12th) 55
MHI 2094 T. conspicuus Caudal vertebra (anterior) 41
MHI 2194 T. conspicuus Ischium 147 158
MHI 2199/2 T. conspicuus Sacral vertebra 17 26
MHI 2200 T. conspicuus Caudal vertebra (anterior) 16 23
MHI 2201 T. conspicuus Cervical vertebra 118 133 13
MHI 788 T. conspicuus Dorsal rib (anterior) 124
NHMS-WT 2720 T. conspicuus llium 105 79
NHMW 1839/0013/0215| T. conspicuus Cervical vertebra 153
NHMUK PV OR 48202 | T. conspicuus Caudal vertebra (posterior) 33
SMF R 2022 T. conspicuus Sacral vertebra 30
SMF R 282a T. conspicuus Caudal vertebra (anterior) 30 42 51
SMF R 283 T. conspicuus Caudal vertebra (anterior) 38
SMF R 285 T. conspicuus Cervical vertebra (10th) 136 149 31 37
SMF R 286 T. conspicuus Caudal vertebra (anterior) 46
SMF R 287 T. conspicuus Caudal vertebra (posterior) 36 44 30
SMF R 4034 T. conspicuus Humerus 196
SMF R 4092 T. conspicuus Caudal vertebra (anterior) 43 55
SMF R 69 T. conspicuus? Humerus 76
SMF R 820 T. conspicuus Dorsal vertebra 42 52 79
SMNS 13337 T. conspicuus Dorsal vertebra (10th) 26 40 71
SMNS 13337 T. conspicuus Dorsal vertebra (11th) 26 35 69
SMNS 13337 T. conspicuus Dorsal vertebra (12th) 24 35 62
SMNS 13337 T. conspicuus Dorsal vertebra (4th) 39
SMNS 13337 T. conspicuus Dorsal vertebra (5th) 33 43 72
SMNS 13337 T. conspicuus Dorsal vertebra (6th) 33 40 75
SMNS 13337 T. conspicuus Dorsal vertebra (7th) 34 43 74
SMNS 13337 T. conspicuus Dorsal vertebra (8th) 33 40 72
SMNS 13337 T. conspicuus Dorsal vertebra (9th) 31 39 75
SMNS 13337 T. conspicuus Sacral vertebra (1st) 24
SMNS 15891 T. conspicuus Cervical vertebra 167 193 19 33
SMNS 16643 T. conspicuus Caudal vertebra (anterior) 50
SMNS 50226 T. conspicuus Axis 88 109 39 46
SMNS 54621 T. conspicuus Femur 184
SMNS 54624 T. conspicuus Femur 277
SMNS 54627 T. conspicuus Caudal vertebra (anterior) 42 94
SMNS 54628 T. conspicuus Dorsal vertebra 41 56 119
SMNS 54629 T. conspicuus Dorsal vertebra 58 67
SMNS 54630 T. conspicuus Cervical vertebra (12th) 77 87
SMNS 54631 T. conspicuus Sacral vertebra 19 31
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SMNS 54632 T. conspicuus Sacral vertebra 14 26
SMNS 54633 T. conspicuus Cervical vertebra 97 109
SMNS 54639 T. conspicuus Dorsal vertebra 36
SMNS 54640 T. conspicuus Dorsal vertebra 38 51 80
SMNS 54654 T. conspicuus Cervical vertebra (12th) 40 44 43
SMNS 55341 T. conspicuus Dorsal vertebra 44 62 131
SMNS 57531 T. conspicuus Cervical vertebra (13th?) 44 54
SMNS 59380 T. conspicuus Femur 253
SMNS 81989 T. conspicuus |Post-cloacal bone (morphotype Z) 210
SMNS 84821 T. conspicuus Cervical vertebra (11th) 191 213 69 72
SMNS 8728 T. conspicuus Cervical vertebra (12th) 82 97
SNSB-BSPG 1988132 | T. conspicuus Cervical vertebra 209 21
U-MO BT 2171 T. conspicuus Caudal vertebra (anterior) 35 48 63
U-MO BT 3079 T. conspicuus Humerus 146
U-MO BT 732 T. conspicuus Cervical vertebra 189 15
U-MO BT 735 T. conspicuus Caudal vertebra (anterior) 36 43
U-MO BT 736 T. conspicuus Cervical vertebra 287 309 36 42
U-MO BT 739 T. conspicuus Cervical vertebra 266 284 25
U-MO BT 740 T. conspicuus Cervical vertebra 252 272 26
U-MO BT 741 T. conspicuus Dorsal vertebra 46 57
ZPAL V. 36/100/3 T. conspicuus Cervical vertebra (3rd) 223 245 21 30
ZPAL V. 36/100/4 T. conspicuus Cervical vertebra (4th) 221 257 25 36
ZPAL V. 36/100/5 T. conspicuus Cervical vertebra (5th) 221 257 28 42
ZPAL V. 36/100/6 T. conspicuus Cervical vertebra (6th) 220 257 28 53
ZPAL V. 36/100/7 T. conspicuus Cervical vertebra (7th) 241 278 26 57
ZPAL V. 36/1000 T. conspicuus Cervical rib (12th) 151 36
ZPAL V. 36/1001 T. conspicuus Cervical rib (12th) 115 32
ZPAL V. 36/1006 T. conspicuus Ischium 126 130
ZPAL V. 36/1008 T. conspicuus Pubis 107 58 37
ZPAL V. 36/101 T. conspicuus Cervical vertebra 330 375 40 70
ZPAL V. 36/102 T. conspicuus Cervical vertebra 252 286 28 55
ZPAL V. 36/103 T. conspicuus Cervical vertebra 244 268 21 44
ZPAL V. 36/1033 T. conspicuus Dorsal vertebra 36 64 121
ZPAL V. 36/1034 T. conspicuus Cervical vertebra 272 27 39
ZPAL V. 36/1036 T. conspicuus Dorsal vertebra 45 60 117
ZPAL V. 36/1037 T. conspicuus Sacral vertebra 44 56 97
ZPAL V. 36/104 T. conspicuus Cervical vertebra (10th) 284 312 46 52
ZPAL V. 36/105 T. conspicuus Cervical vertebra (10th) 291 331 54 67
ZPAL V. 36/106 T. conspicuus Cervical vertebra (11th) 204 230 68
ZPAL V. 36/1062 T. conspicuus Coracoid 161 125
ZPAL V. 36/1065 T. conspicuus Femur 302
ZPAL V. 36/107 T. conspicuus Cervical vertebra (11th) 200 225 60
ZPAL V. 36/1070 T. conspicuus Caudal vertebra (posterior) 42 39 29
ZPAL V. 36/1078 T. conspicuus Cervical vertebra 266 307 38 66
ZPAL V. 36/108 T. conspicuus Cervical vertebra (12th) 83 92 103
ZPAL V. 36/1081 T. conspicuus Caudal vertebra (anterior) 43 63 85
ZPAL V. 36/1105 T. conspicuus Dorsal vertebra 54 113
ZPAL V. 36/112 T. conspicuus Dorsal vertebra 50 112
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ZPAL V. 36/1128 T. conspicuus Cervical vertebra (11th) 163 65
ZPAL V. 36/113 T. conspicuus Caudal vertebra (anterior) 44 66 96
ZPAL V. 36/1137 T. conspicuus |Post-cloacal bone (morphotype Z) 301

ZPAL V. 36/114 T. conspicuus Caudal vertebra (anterior) 33 53 87
ZPAL V. 36/1146 T. conspicuus Ischium 113 114
ZPAL V. 36/1147 T. conspicuus |Post-cloacal bone (morphotype Z) 253

ZPAL V. 36/1148 T. conspicuus | Post-cloacal bone (morphotype P) 296

ZPAL V. 36/115 T. conspicuus Caudal vertebra (posterior) 40 41 33
ZPAL V. 36/116 T. conspicuus Caudal vertebra (posterior) 43 49 42
ZPAL V. 36/1170 T. conspicuus Axis 86 99 36
ZPAL V. 36/1171 T. conspicuus Cervical vertebra (11th) 153 167 62
ZPAL V. 36/1173 T. conspicuus Cervical vertebra 73 11

ZPAL V. 36/1176 T. conspicuus Fibula 189

ZPAL V. 36/1177 T. conspicuus Coracoid 158 115
ZPAL V. 36/1186 T. conspicuus Caudal vertebra (anterior) 41 49 73
ZPAL V. 36/1187 T. conspicuus Sacral vertebra 30 37 98
ZPAL V. 36/1192 T. conspicuus Cervical vertebra (13th) 70 97 123
ZPAL V. 36/1193 T. conspicuus Pubis 126 53 40
ZPAL V. 36/1200 T. conspicuus Tibia 202

ZPAL V. 36/1202 T. conspicuus Cervical vertebra 287 333 34 59
ZPAL V. 36/1209 T. conspicuus Cervical vertebra (12th) 100 100 92
ZPAL V. 36/123 T. conspicuus Dorsal rib (anterior) 262

ZPAL V. 36/124 T. conspicuus Caudal vertebra (anterior) 36 53 74
ZPAL V. 36/1248 T. conspicuus Cervical vertebra 230 28 53
ZPAL V. 36/1249 T. conspicuus Dorsal vertebra 58 73 104
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (11th) 44

ZPAL V. 36/125 T. conspicuus llium 91
ZPAL V. 36/125 T. conspicuus Sacral vertebra (1st) 44 98
ZPAL V. 36/125 T. conspicuus Dorsal rib (3rd) 265

ZPAL V. 36/125 T. conspicuus Dorsal vertebra (10th) 44 103
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (12th) 44

ZPAL V. 36/125 T. conspicuus Dorsal vertebra (2nd) 63 108
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (3rd) 60 105
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (4th) 63 113
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (5th) 59 113
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (6th) 60 108
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (7th) 61 119
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (8th) 59 115
ZPAL V. 36/125 T. conspicuus Dorsal vertebra (9th) 54 115
ZPAL V. 36/125 T. conspicuus Scapula 172 128
ZPAL V. 36/1251 T. conspicuus Cervical rib (13th) 127 47
ZPAL V. 36/1267 T. conspicuus Tibia 127

ZPAL V. 36/127 T. conspicuus Cervical vertebra 270 308 30 60
ZPAL V. 36/133 T. conspicuus Axis 84 89 30
ZPAL V. 36/139 T. conspicuus Caudal vertebra (posterior) 41 49 45
ZPAL V. 36/141 T. conspicuus Dorsal vertebra 57 117
ZPAL V. 36/142 T. conspicuus Caudal vertebra (anterior) 44 90
ZPAL V. 36/143 T. conspicuus Dorsal vertebra 50 65 119
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ZPAL V. 36/145 T. conspicuus Dorsal vertebra 57 113
ZPAL V. 36/146 T. conspicuus Dorsal vertebra 44 65 137
ZPAL V. 36/148 T. conspicuus Caudal vertebra (anterior) 34 50 93
ZPAL V. 36/154 T. conspicuus Cervical vertebra 275 312 34 56
ZPAL V. 36/1721 T. conspicuus Caudal vertebra (posterior) 44 57 50
ZPAL V. 36/173 T. conspicuus Dorsal vertebra 54 63 96
ZPAL V. 36/178 T. conspicuus Pubis 99 51 36
ZPAL V. 36/181 T. conspicuus Cervical vertebra 49 56 6 11
ZPAL V. 36/182 T. conspicuus Cervical vertebra 374 40

ZPAL V. 36/183 T. conspicuus Caudal vertebra (posterior) 48 48
ZPAL V. 36/183 T. conspicuus Dorsal vertebra 54 73 114
ZPAL V. 36/1834 T. conspicuus Fibula 194

ZPAL V. 36/186 T. conspicuus Cervical vertebra 214 241 16 41
ZPAL V. 36/186 T. conspicuus Cervical vertebra (10th) 297 327 50 60
ZPAL V. 36/187 T. conspicuus Humerus 198

ZPAL V. 36/196 T. conspicuus Cervical vertebra 285 350 44 74
ZPAL V. 36/198 T. conspicuus Dorsal vertebra 57 135
ZPAL V. 36/2400 T. conspicuus Cervical rib (13th) 129 50
ZPAL V. 36/2408 T. conspicuus Tibia 201

ZPAL V. 36/2418 T. conspicuus Caudal vertebra (anterior) 45 64 78
ZPAL V. 36/2459 T. conspicuus Cervical vertebra 237 277 27 63
ZPAL V. 36/2434 T. conspicuus Humerus 203

ZPAL V. 36/2485 T. conspicuus Cervical vertebra (13th) 70 73 108
ZPAL V. 36/2488 T. conspicuus Radius 131

ZPAL V. 36/2489 T. conspicuus Caudal vertebra (anterior) 49 58 56
ZPAL V. 36/2490 T. conspicuus Caudal vertebra (anterior) 43 55 55
ZPAL V. 36/2490 T. conspicuus Caudal vertebra (anterior) 48 57 52
ZPAL V. 36/597 T. conspicuus |Post-cloacal bone (morphotype P) 262

ZPAL V. 36/801 T. conspicuus Femur 319

ZPAL V. 36/805 T. conspicuus Cervical vertebra (11th) 183 69
ZPAL V. 36/805 T. conspicuus Ilium 97 67
ZPAL V. 36/806 T. conspicuus Scapula 185 140
ZPAL V. 36/807 T. conspicuus Femur 240

ZPAL V. 36/808 T. conspicuus Scapula 184 133
ZPAL V. 36/811 T. conspicuus Scapula 182 133
ZPAL V. 36/813 T. conspicuus llium 98 80
ZPAL V. 36/814 T. conspicuus Coracoid 189 143
ZPAL V. 36/816 T. conspicuus Scapula 162 113
ZPAL V. 36/829 T. conspicuus Ulna 131

ZPAL V. 36/830 T. conspicuus Radius 132

ZPAL V. 36/833 T. conspicuus Tibia 201

ZPAL V. 36/835 T. conspicuus Humerus 187

ZPAL V. 36/838 T. conspicuus Femur 314

ZPAL V. 36/847 T. conspicuus Axis 75 94 28
ZPAL V. 36/849 T. conspicuus Cervical vertebra (12th) 83 96 76
ZPAL V. 36/867 T. conspicuus Caudal vertebra (anterior) 34 46 91
ZPAL V. 36/881 T. conspicuus Humerus 219

ZPAL V. 36/882 T. conspicuus Humerus 169
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ZPAL V. 36/884 T. conspicuus Sacral vertebra 41 52 86
ZPAL V. 36/885 T. conspicuus Tibia 125

ZPAL V. 36/886 T. conspicuus Cervical vertebra (11th) 182 64
ZPAL V. 36/887 T. conspicuus Cervical vertebra 273 309 36 63
ZPAL V. 36/888 T. conspicuus Caudal vertebra (anterior) 42 61 91
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Lost specimens of (or possibly referrable to) Tanystropheus conspicuus.

Taxon Contents Locality |Stratigraphy |Casts References History
Postcloacal
Tanystropheus bone Bayreuth, Upper Braun 1840 (plate 12, Figured in Braun (1840) as an indeterminate
conspicuus  |(morphotype| Germany | Muschelkalk bottom left) reptile bone. Could not be located at U-MO.
P)
Partial articulated hindlimb described and
assigned to Thecodontosaurus latespinatus by
Corroy (1928), assigned to Tanystropheus
Mont-sur- Corroy 1928 (fig. 12,| conspicuus by Wild (1973). In possession of the
2Tanystropheus Femur, tibia, Meurthe Upper plate 4, fig. 11), Wild| University of Strasbourg at the time of Corroy
' fibula France " | Muschelkalk 1973, Spiekman & |(1928), later in the Museum and Aquarium Nancy
Scheyer 2019 under the number MAN 2016.0.213, original
labels present, but current location of the
specimen unknown (pers. comm. Thibaut
Keinerknecht 01.2023)
. Mentioned in Lang & von Huene (1952). In a
2Tanystropheus | Vertebra Klﬁé';;%?;;edt Upper Lang & von Huene | private collection of K. Walther (Univeristy of
‘ German); Muschelkalk 1952 (p. 22) Jena) at the time of H. Riihle von Lilienstern's
mention (around 1940). Could not be located.
T Cervical Laryszow Langenhan_ 1903 . .
anystropheus vertebra | (Larischhof) Upper (plate 15, fig. 8), | Described by Langenhan (1903; 1911), found by
conspicuus " | Muschelkalk Langenhan 1911 Eck. Could not be located.
(11th) Poland .
(plate 20, fig. 30)
Plieninger 1846 (fig.
4), von Huene 1907-| Dorsal vertebra, one of the paralectotypes of
Tanystropheus Dorsal Gaildorf 1908 (figs 201-202), | Zanclodon laevis Plieninger, 1846, assigned to
conspicuus vertebra German)’/ Lettenkeuper von Huene 1931, Tanystropheus by von Huene (1931) and to
\Wild 1973, Spiekman|Tanystropheus conspicuus by Wild (1973, p. 149-
& Scheyer 2019 150). Could not be located.
(supp. tab. 1)
von Huene 1902
GPIT-| (plate 7, fig. 2),
- PV- | Schmidt 1928 (fig.
Tanystropheus | Cervical Laineck, Upper 60024, 1160), Kuhn 1971 |, e holotype of Chelyzoon latum von Huene,
- vertebra ] 1902; stored in Munich at the time of description.
conspicuus (13th) Germany | Muschelkalk (GPIT- (plate 17, fig. 1), Could not be located.
PV- | Wild 1973 (p. 147,
60025| 149), , Spiekman &
Scheyer 2019
Described by von Huene (1907-1908), a syntype
T Caudal . Upper GPIT-| , Jon Huene 1,907' of Thecodontosaurus latespinatus, later assigned
anystropheus Laineck, | Muschelkalk, 1908 (fig. 239; plate b
conspicuus vertebra Germany | semipartitus- PV- 92, fiig. 2), Broili to Tanystropheus conspicuus by von Huene
(anterior) Zone 60140 191&'; (pléte’3 fig. 3) (1931). Originally stored in Munich, but could not
Y be located there.
von Huene 1907-
c Upper GPIT-| 1908 (plat_e 91, fig. Described by von Huene (1907-1908), a syntype
Tanystropheus audal Laineck Muschelkalk PV- 2).’ Schmidt 1928 of Thecodontosaurus latespinatus, later assigned
ystrop ) ) p , g
: vertebra A 60131, (fig. 1213), Kuhn !
conspicuus (posterior) Germany | semipartitus- SMINS| 1969 (plate 21, fig. to Tanystropheus conspicuus by von Huene
Zone 50154(22), Kuhn 1971 plate (1931). Could not be located at U-MO.
21, fig. 26)
Described by von Huene (1907-1908), a syntype
Upper of Thecodontosaurus latespinatus, later assigned
Tanystropheus Dorsal |Blainville-sur-| Muschelkalk, von Huene 1907- to Tanystropheus conspicuus by von Huene
conspicuus vertebra | I'Eau, France | semipartitus- 1908 (plate 91, fig. 3)|(1931). Originally in possession of the University
Zone of Stasbourg but could not be located there (pers.
comm. Kévin Janneau 01.2023).
Upper Described by von Huene (1907-1908), a syptype
Tanystropheus Dorsal Laineck, Muschelkalk, GPFiI/-_r_ von Huene 1907- of tToh'(Ie';ﬁ?/(s)tnr ?;ﬁ:g:iéitsegﬁz ISL?stL:)Sy I\ii;zrﬁzselﬁged
conspicuus vertebra Germany semizpartitus- 60136 1908 (plate 91, fig. 4) (1931). Originally stored in Munich, but could not
one
be located there.
Unper Described by von Huene (1907-1908), a syntype
T Caudal . PP GPIT- of Thecodontosaurus latespinatus, later assigned
anystropheus Laineck, |Muschelkalk, von Huene 1907- :
conspicuus vertebra Germany | semipartitus- PV- 1908 (plate 92, fig. 4) to Tanystropheus conspicuus by von Huene
(anterior) Zone 60139 ' 9 7/1(1931). Originally stored in Munich, but could not
be located there.
1\;%% 'E:;Z?:;: OfZg Described by von Huene (1907-1908) and in
Tanystropheus | Cervical | Oberbronn, Upper 8), Brignon 2021 (fig. pgssessclzon Iodf th? tj nllveriltdyt(r)]f Stasbourg at that
conspicuus vertebra France Muschelkalk 34B), Spiekman & ime. Could not be located there (pers. comm.

Scheyer 2019 (supp.

tab. 1)

Kévin Janneau 01.2023). Most probably destroyed

(see Wild 1973, p. 80).
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Wesseln near Upper A limb bone described as a parasuchian radius by
Muschelkalk, .| von Huene (1958). In Museum Braunshweig at
i Bad . von Huene 1958 (fig. .
?Tanystropheus |  Tibia? middle that time. Could not be located (pers. comm. R.
Salzdetfurt, Cerati hi 1) K - Naturkund der 3Land
Germany eratitenschic osma; Naturkundemuseum der 3Landesmuseen
hten" Braunschweig; 10.2024).
von Meyer 1847-
Bindlacher 1855 (plate 30, fig.
Tanystropheus | Cervical Ber Upper 6), Peyer 1931 (fig. Paralectotype of T. conspicuus. Could not be
conspicuus vertebra Germg’n Muschelkalk 2), Shmidt 1938 (fig. located at U-MO.
Y 1188a:c), Kuhn 1971
(Plate 21a, fig. 1c)
Tanystropheus | Cervical Blrgi;{ra\cher Upper 1;22 ’\(Aigfg 124;' Paralectotype of T. conspicuus. Could not be
conspicuus vertebra 9 Muschelkalk P 1. located at U-MO.
Germany 2)
Tanystropheus | Cervical Blrgi;{ra\cher Upper 1;22 ’\(Aigfg 124;' Paralectotype of T. conspicuus. Could not be
conspicuus vertebra 9. Muschelkalk P 18 located at U-MO.
Germany 3)
Tanystropheus | Cervical B'rgj;?Cher Upper l\égg l\(/leigg 224;' Paralectotype of T. conspicuus. Could not be
conspicuus vertebra Germ%ny Muschelkalk P 4 g located at U-MO.
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Measurements of the dorsal vertebrae of Tanystropheus spp. (see Fig. 23).

Species Specimen Vertebra DorsalI vertebra centrum | Dorsal vertebra height
ength [mm] [mm]
T. conspicuus SMF R 820 Uncertain 42 79
T. conspicuus SMNS 13337 DV10 26 71
T. conspicuus SMNS 13337 DV11 26 69
T. conspicuus SMNS 13337 DV12 24 62
T. conspicuus SMNS 13337 DV5 33 72
T. conspicuus SMNS 13337 DV6 33 75
T. conspicuus SMNS 13337 DVv7 34 74
T. conspicuus SMNS 13337 DV8 33 72
T. conspicuus SMNS 13337 DV9 31 75
T. conspicuus SMNS 54628 Uncertain 41 119
T. conspicuus SMNS 54640 Uncertain 38 80
T. conspicuus SMNS 55341 Uncertain 44 131
T. conspicuus ZPAL V. 36/1033 Uncertain 36 121
T. conspicuus ZPAL V. 36/1036 Uncertain 45 117
T. conspicuus ZPAL V. 36/112 Uncertain 50 112
T. conspicuus ZPAL V. 36/1249 Uncertain 58 104
T. conspicuus ZPAL V. 36/125 DV10 44 103
T. conspicuus ZPAL V. 36/125 DVv2 63 108
T. conspicuus ZPAL V. 36/125 DV3 60 105
T. conspicuus ZPAL V. 36/125 DV4 63 113
T. conspicuus ZPAL V. 36/125 DV5 59 113
T. conspicuus ZPAL V. 36/125 DV6 60 108
T. conspicuus ZPAL V. 36/125 Dv7 61 119
T. conspicuus ZPAL V. 36/125 DVv8 59 115
T. conspicuus ZPAL V. 36/125 DV9 54 115
T. conspicuus ZPAL V. 36/141 Uncertain 57 117
T. conspicuus ZPAL V. 36/143 Uncertain 50 119
T. conspicuus ZPAL V. 36/145 Uncertain 57 113
T. conspicuus ZPAL V. 36/146 Uncertain 44 137
T. conspicuus ZPAL V. 36/173 Uncertain 54 96
T. conspicuus ZPAL V. 36/183 Uncertain 54 114
T. conspicuus ZPAL V. 36/198 Uncertain 57 135
T. hydroides PIMUZ T 2480 DV12 25 30
T. hydroides PIMUZ T 2483 DVv8 25 27
T. hydroides PIMUZ T 2483 DV10 22 28
T. hydroides PIMUZ T 2483 DV3 25 25
T. hydroides PIMUZ T 2483 DV4 27 27
T. hydroides PIMUZ T 2483 DV5 25 26
T. hydroides PIMUZ T 2483 DV6 26 25
T. hydroides PIMUZ T 2483 DV7 24 24
T. hydroides PIMUZ T 2787 DV1 29 32
T. hydroides PIMUZ T 2787 DV2 28 32
T. hydroides PIMUZ T 2787 DV3 27 31
T. hydroides PIMUZ T 2787 DV4 28 31
T. hydroides PIMUZ T 2798 Dv4 29 31
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T. hydroides PIMUZ T 2817 DV1 32 33
T. hydroides PIMUZ T 2817 DV2 32 32
T. hydroides PIMUZ T 2817 DV3 30 32
T. hydroides |SNSB-BSPG 1953 XV | DV2 21 20
T. hydroides |SNSB-BSPG 1953 XV | DV3 21 20
T. hydroides |SNSB-BSPG 1953 XV | DV4 21 20
T. longobardicus MCSN 4451 DV7 12 10
T. longobardicus MCSN 4451 DV8 12 10
T. longobardicus MCSN 4451 DV9 12 10
T. longobardicus; MSNM BES SC 265 DV1 11 11
T. longobardicus; MSNM BES SC 265 DV10 10 10
T. longobardicus PIMUZ T 1277 DV2 14 12
T. longobardicus PIMUZ T 1277 DV5 15 13
T. longobardicus PIMUZ T 1277 DVv7 14 13
T. longobardicus PIMUZ T 1277 DVv8 15 13
T. longobardicus PIMUZ T 2791 Dvs8 10 9
T. longobardicus PIMUZ T 2791 DV9 10 9
T. longobardicus PIMUZ T 2795 DV11 13 11
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Specimens no longer considered to be referrable to Tanystropheus conspicuus.

Original

Specimen | Original taxon | element [Revised taxon REEE . .
number identification |identificatio|identification |. ele_n]ent_ Lozl Sl i Rl e
- identification
von Huene
. . 1958 (fig.
GPIT-PV- | Tanystropheus Hium Sauropterygia Scanula Kirchberg/Jagst, Upper 3), Wild
117177 sp. indet. P Germany Muschelkalk y
1973 (p.
114)
Lowermost
GPIT-PV- T. conspicuus Cervical |Mastodonsaur Rib Ohlmiihle, Lettenkeuper,
44258 ' vertebra us sp. Germany Grenzbonebed
?
Vertebra, the
holotype of
Pectenosaurus
strunzi von
Huene, 1902,
. assigned to | von Huene
e | P || Cati | S | venaa | B | SRR | Tanstphens | 1502 s
' ' by Romer (1956)| 6, 5ig. 5)
and to
Tanystropheus
conspicuus by
Spiekman &
Scheyer (2019)
Vertebra, a
paralectotype of
Zanclodon laevis| Plieninger
Plieninger, 1846,| 1846 (fig.
assigned to 6), von
. . Archosaurmor Gaildorf, Tanystropheus |[Huene 1907-
Lost specimen [Zanclodon laevis| Vertebra pha indet. Vertebra Germany Lettenkeuper by von Huene | 1908 (fig.
(1931) and to | 200), von
Tanystropheus [Huene 1931,
conspicuus by | Wild 1973
Wild (1973, p.
149-150)
. ?Archosaurom Bayreuth, Upper von Huene
Lost specimen | Tanystropheus Claw orpha indet. Claw Germany Muschelkalk 1931 (fig. 5)
Possibly an
anterior dorsal
rib of
MAN T. conspicuus Neural Sauropsida | Indeterminate Mont-sur- Upper Tanystropheus
2016.0.215 ' spine? indet. bone Meurthe, France | Muschelkalk? | sp., but too
incomplete for
identification.
Unaccessioned
Possibly a ?tibia
of Tanystropheus
MB. Sauropsida . Bayreuth, Upper sp., but would
uncatalogued ?Tanystropheus | Metatarsal indet. Limb bone Germany Muschelkalk have to be
prepared to
check
MB.uncatalog Cervical [?Sauropterygia . Bayreuth, Upper
ued Tanystropheus vertebra indet. Sacral rib? Germany Muschelkalk
MHI 2202 Tanystropheus/N Tooth Sayropsida Tooth Riiblingen, L';E\Qﬁg:,%itr,
othosaurus indet. Germany
Grenzbonebed
Possibly of
NHMW | ot Sauropsid Laineck u ol
othosaurus auropsida aineck, pper sp., but wou
1852/0201/068 mirabilis Tooth indet. Tooth Germany Muschelkalk have to be
prepared to
check
. Cervical rib| Sauropsida . Bischleben Upper
NME 93/132 | T. conspicuus - Gastralium? ' | Muschelkalk,
fragment indet. Germany mo2
. Cervical Tetrapoda |Indeterminate | Mobisburg, Upper
NME 93/134 | T. conspicuus vertebra indet. bone Germany Muscl:;\glzkalk,
SMNS 50067 | Tanystropheus |Cervical rib| Tetrapoda |Indeterminate | Riiblingen, Upper
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sp. fragment indet. bone Germany Muschelkalk,
nodosus-Zone
. . . Upper
?
SMINS 50222 ?Tanystropheus |Interclavicle Te'trapoda Indeterminate Gaildorf, Muschelkalk,
sp. fragment? indet. bone Germany
nodosus-Zone
Lower
SMINS 50825 Tanystropheus Tooth Sagropada Tooth RoBwag, Letten!(euper,
sp. indet. Germany dolomite over
Blaubank
. . Lowermost
SMNS 51578 | T. conspicuus? Caudal Sa‘.’“’ps'da Caudal Wechrieden, Lettenkeuper,
vertebra? indet. vertebra Germany
Grenzbonebed
Upper
Stuttgart-
SMNS 51975 | 2Tanystropheus | Tooth | 1603048 | oo | Untertii..heim, | Settenkeuper,
indet. G Anoplophora-
ermany b
Dolomite
SMINS 52288 Tanystropheus Gastralium SaL_Jrop5|da Gastralium Burgstall, Upper
sp. indet. Germany Muschelkalk
Possibly of
SMNS 52323 | T. conspicuus? Tooth Sauropsida Tooth Hesrfjinglzsgaeagn Lettléjr?lf:l:per, Zgnﬁ{?’sgﬁr;
' P ' indet. 9SNAGEN,| Anthrakonitba|  have to be
Germany
nk prepared to
check
Lower
SMINS 52985 Tanystropheus Tooth Sal_]ropsma Tooth Eschenau, Lettenkeuper,.
sp. indet. Germany Hauptsandstei
n
Possibly of
: . Upper Tanystropheus
SMNS 54146 | ?Tanystropheus | Tooth Sauropsida Tooth Kiibelhof, | \y cchelkalk, | sp., but too
indet. Germany .
nodosus-Zone | incomplete for
identification
Sauropsida Within a
SMNS 54149 | Not specified Teeth in dgt Teeth Not specified | Not specified |"Tanystropheus™
) drawer
- Sauropsida - - Within a
SMNS 54152 | Not specified Teeth indet Teeth Not specified | Not specified |"Tanystropheus™
) drawer
Upper Spiekman
SMNS 54625 | T. conspicuus Ischium Sauropterygia Pubis/ischium Hegnabrunn, Mu;ﬁgg:ls(_alk, and Scheyer
' P indet. Germany leavi 2019 (supp.
eavigatus-
tab. 1)
Zone
. Sauropsida Hegnabrunn, Upper
?
SMNS 54634 | ?Tanystropheus |Interclavicle indet. Skull bone Germany Muschelkalk
. - Lowermost
?
SMINS 54636 ?Tanystropheus |Interclavicle Sat_:ropsnda Skull bone Feldbuch, Lettenkeuper,
sp. fragment? indet. Germany
Grenzbonebed
Upper
SMNS 54637 | 2Tanystropheus Interclavicle Sat_:ropsnda skull bone? Hegnabrunn, Musphelkalk,
fragment? indet. Germany spinosus-
nodosus-Zone
Possibly of
. . . Tanystropheus
Partial  |Archosaurmor | Partial neural Bindlach, Upper
SMNS 54638 | Tanystropheus neural spine| pha indet. spine Germany Muschelkalk | . SP- but too
incomplete for
identification
Possibly of
Upper Tanystropheus
SMNS 54645 | Tanystropheus Vii:ﬁ)i Arcr:\;)?ﬂtérertnor \Sﬁﬁ)ﬁ; Ur(l}t::;ggsch, Muschelkalk, |  sp., but too
P ' Y nodosus-Zone | incomplete for
identification
Possibly of
Lo . Lo . Upper Tanystropheus
SMINS 54646 Tanystropheus | Cervical rib Sagropsnda Cervical rib Bindlach, Muschelkalk, | sp., but too
sp. fragment indet. fragment Germany .
pulcher-Zone | incomplete for
identification
SMNS 54649 | Tanystropheus Partial  |?Archosaurom| Partial neural | Hegnabrunn, Mustcj:ESfI:alk
neural spine| orpha indet. spine Germany evolutus-Zone
Upper Possibly of
Tanystropheus |Cervical rib| Sauropsida | Cervical rib | Hegnabrunn?, Tanystropheus
SMNS 54651 sp. fragment indet. fragment Germany Muschelkalk, sp., but too

nodosus-Zone

incomplete for

321




identification

Dérfles near Upper Spiekman
SMNS 54652 | ?Tanystropheus Interclavicle SaL_Jrop5|da Skull bone Kronach, Mus_chelkalk, and Scheyer
fragment indet. German spinosus- 2019 (supp.
Y hodosus-Zone?) tab. 1)
Possibly of
Upper Tanystropheus
SMNS 54655 | Tanystropheus Caudal Archogaurmor Dorsal Unterrodach, Muschelkalk, |  sp., but too
vertebra pha indet. vertebra Germany nodosus-Zone | incomplete for
identification
Cervical Upper
SMINS 54656 | 2Tanystropheus | vertebra (2 Te_trgpoda Indetbermmate HeGQnabrunn, Mus_chelkalk,
fragments) indet. one ermany spinosus-
nodosus-Zone
Possibly an
autopodal
Upper element of
SMNS 54657 | Tanystropheus | Long bone Te_trapoda Limb bone Unterrodach, Muschelkalk, Tanystropheus
indet. Germany nodosus-Zone| 5P but not
diagnostic
enough for
identification
Possibly of
. . S .. Upper Tanystropheus
SMINS 54658 Tanystropheus |Cervical rib Sal_Jrop5|da Cervical rib Kiibelhof, Muschelkalk, | sp., but too
Sp. fragment indet. fragment Germany nodosus-Zone | incomplete for
identification
Tanystropheus |Cervical rib| Sauropsida | Cervical rib 5
SMNS 54659 5. fragment indet. fragment Kulm?, Germany| Unreadable
- - Upper
?Tanystropheus |Interclavicle| Sauropsida Hegnabrunn,
SMNS 54660 - Skull bone Muschelkalk
” )
Sp. fragment? indet. Germany spinosus-Zone
Possibly of
Sauropsida Upper Tanystropheus
SMNS 54661 | T. conspicuus Tooth in dgt Tooth Unreadable | Muschelkalk, | sp., but too
’ nodosus-Zone | incomplete for
identification
Upper Spiekman
. . Sauropterygia . Vaihingen, | Muschelkalk, and Scheyer
SMNS 55002 | T. conspicuus Ischium indet. Ischium Germany Trigonodus- 2019 (supp.
Zone tab. 1)
Ezcurra
Upper 2016,
. ?Sauropterygia Nitzenhausen, | Muschelkalk, Spiekman
SMNS 56289 | T. conspicuus Dentary indet. Dentary Germany dorsoplanus- and Scheyer
Zone 2019 (supp.
tab. 1)
Possibly of
Lo . R e Upper Tanystropheus
SMINS 56488 Tanystropheus |Cervical rib SaL_Jrop5|da Cervical rib Riiblingen, Muschelkalk, | sp., but too
sp. fragment indet. fragment Germany mo2 incomplete for
identification
. Tetrapoda |Indeterminate | Neckarrens?, Upper
>
SMNS 56589 | ?Tanystropheus |Interclavicle indet. bone Germany Muschelkalk
Possibly of
Tanvstropheus Sauronsida Bettenfeld, Lowermost | Tanystropheus
SMNS 56594 y S P Tooth in dgt Tooth Ansbach, Lettenkeuper, | sp., but too
P- ' Germany Grenzhonebed| incomplete for
identification
. . Lowermost
SMINS 56687 Tanystropheus Tooth Sagropsnda Tooth Zwingelhausen, Lettenkeuper,
sp. indet. Germany Grenzbonebed
Upper Possibly of
Sauropsida Steinbach near | muschelkalk Tanystropheus
SMNS 56875 | T. conspicuus Tooth - Tooth . L sp., but too
indet. Hall, Germany |Discoceratiten incomplete for
schichten ncompiete
identification
Tanystropheus Sauropsida Mundelsheim Lower
SMNS 58912 S Tooth indet Tooth German " | Lettenkeuper,
P- ) Y |Vitriolschiefer
Possibly of
. S Lowermost
SMNS 59814 | ?Tanystropheus Teeth Sagropmda Teeth Crailsheim, Lettenkeuper, Tanystropheus
indet. Germany Grenzbonebed| . SP- but too

incomplete for

322




identification

Upper
? " i
SMNS 80089 ?Tanystropheus Dentary .Sau_ropterygla Dentary Schmalfelden, l\/_luschelkglk,
sp. indet. Germany Discoceratiten
schichten
Upper
. . . Muschelkalk,
SMINS 80359 Tanystropheus |Parasphenoi Te'trapoda Indeterminate | Kirchberg/Jagst, Frankische
sp. d indet. bone Germany :
Grenzschichte
n
Upper
Tanystropheus |Cervical rib| Tetrapoda |Indeterminate | Riiblingen, muschelkalk,
SMNS 81250 ; . ;
sp. fragment indet. bone Germany Discoceratiten
schichten
Upper | 12 ropheus
: 5 : .
SMNS 81251 | T. conspicuus Partlal_ .Archos_aurom Partlal_neural Riiblingen, muschelka_lk, sp., but too
neural spine| orpha indet. spine Germany Discoceratiten| . lete f
schichten incomplete for
identification
Possibly an
autopodal
Upper element of
SMNS 81371 | T. conspicuus | Metatarsal Tetrapoda | | o pone |  Rblingen, | muschelkalk, | Tanystropheus
indet. Germany Discoceratiten|  sp., but not
schichten diagnostic
enough for
identification
Possibly of
- I Lowermost | Tanystropheus
SMNS 84799 Tanystropheus Tooth SaL_JropS|da Tooth Crailsheim, Lettenkeuper, |  sp., but too
sp. indet. Germany .
Grenzbonebed| incomplete for
identification
Tanystropheus ?Archosaurom Kulmbach Upper
SMNS 84813 S Claw .or ha indet Claw German ' Muschelkalk,
P- P ' Y spinosus-Zone
Possibly of
Caudal Dérfles near Tanystropheus
SMNS 84814 | ?Tanystropheus | vertebra Archog,aurmor Caudal Kronach, Upper sp., but too
- pha indet. vertebra Muschelkalk | .
(posterior) Germany incomplete for
identification
Upper Spiekman
SMNS 84817 | T. conspicuus | Ischium | SUTOPEYOIR b oo chium | HEINADIUNN, |y belkalk, and Scheyer
indet. Germany - 2019 (supp.
spinosus-Zone
tab. 1)
. Tetrapoda . Eschenbach, [?"Geougschich
SMNS 84819 | Tanystropheus | Limb bone indet. Limb bone Germany ten”
Possibly of
- T Lowermost | Tanystropheus
SMNS 91502 | 12NYSITOpheus | oo ) | Sauropsida | ooy, gy | Crailsheim, 1y oo euper, | sp., but too
sp. indet. Germany .
Grenzbonebed | incomplete for
identification
SMNS . Cervical Tetrapoda |Indeterminate | Tiefenbach, Lowermost
T. conspicuus? | vertebra . Lettenkeuper,
uncatalogued indet. bone Germany
fragment Grenzbonebed
Upper
. Muschelkalk
SMNS . . Sauropterygia e Hegnabrunn, L
T. conspicuus Ischium . Pubis/ischium enodis-
uncatalogued indet. Germany leavigatus-
Zone
Within a
"Tanystropheus"
drawer.
Collection of A.
SMNS Not specified Teeth Sayropmda Teeth Not specified | Not specified Sallachgr. Some
uncatalogued indet. possibly of
Tanystropheus
sp., but too
incomplete for
identification
Lowermost No specimen
SMNS Tanystropheus . . Crailsheim, present in the
Tooth Indeterminate | Indeterminate Lettenkeuper, :
uncatalogued sp. Germany Grenzbonebed box'wnhthe
specimen card
SMNS T. conspicuus Tooth Sauropsida Tooth Crailsheim, Lowermost Possibly of
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uncatalogued indet. Germany Lettenkeuper, | Tanystropheus
Grenzbonebed| sp., but too
incomplete for
identification
Possibly of
- ..oa Tanystropheus
SMNS Tanystropheus Tooth Sagropada Tooth Weidenbach, | Lettenkeuper | sp., but too
uncatalogued sp. indet. .
Germany incomplete for
identification
Possibly of
. S Lowermost | Tanystropheus
SMNS Tanystropheus Tooth SaL_Jrop5|da Tooth Crailsheim, Lettenkeuper, |  sp., but too
uncatalogued sp. indet. Germany .
Grenzbonebed| incomplete for
identification
Possibly of
. . Lowermost | Tanystropheus
SMNS Tanystropheus Tooth Sayropmda Tooth Tiefenbach, Lettenkeuper, | sp., but to0
uncatalogued sp. indet. Germany .
Grenzbonebed| incomplete for
identification
Possibly of
SMNS Tanystropheus Tooth Sauropsida Tooth Kornwestheim, Upper Tasgysg&p:;%us
uncatalogued sp. indet. Germany Muschelkalk incomplete for
identification
. Diedrich
U-MO BT . . Bindlacher Berg, Upper :
2
3078 T. conspicuus Tooth ?Pistosaurus Tooth Germany Muschelkalk 201142 (1f)|g.
von Huene
1902 (plate
5, fig. 6),
Sh?'}:jlﬂeer von Huene
9 1931 (fig.
fragment - . 4), Shmidt
U-MO Sauropterygia ?partial Laineck, Upper ! -
uncatalogued Tanystropheus | Humerus indet. clavicle Germany Muschelkalk ﬁgagfég
ar\}\'lict‘;"ifd Kuhn 1971
. - (plate 21a,
interclavicle fig. 1d),
Wild 1973
(p- 109)
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Appendix 11

Character matrix used in the histotaphonomic analyses.
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126 | 1 | Tanystropheus |vertebracervical |[YES| 2 [ 1 | 3 0 2 1 2/1]J]0f1]J]ojOoOJOojOJ1]O0fO]JOf1]1]O0]|O]2
150 | 2 | Tanystropheus |vertebracervical |[YES| 2 | 1 | 3 2 2 1 1 |0]|2]0|0f0O 2]l]0|o0ofO0ofO0]O0O]JO]O|21
153 | 3 | Tanystropheus scapula YES| 1|11 1 2 2 2 0[0]O 1 0O[0f0]JO]JO]JO]|O[1
156 | 3 | Tanystropheus |vertebracervical |[YES| 2 | 1 | 3 1 2 4 2 211|120 ]0]J]0]JO)]2 |0 |1]1]0]JOfOf1][1
166 | 1 | Tanystropheus |vertebracervical |[YES| 2 [ 1 | 3 2 2 2|2]1({2]J]0o|0O|JO0O|OJO]|JOfO]JOfO]JOfO]|O]|21
176 | 3 | Tanystropheus |vertebracervical |[YES| 2 [ 1 | 3 2 4 2|2]1f(2]J]0o|o0|JO0ojOJO]JOfO]JOfO]J1]|O]|O]21
192 | 2 | Tanystropheus |vertebracervical |[YES| 2 [ 1 | 3 1 2 4 2|2]1f(2]J]0|0|JO0|O|J2]|]0f1]0fO0O]JOfO|1]1
193 | 2 | Tanystropheus |vertebracervical |[YES| 2 | 1 | 3 0 2 4 2 2102 |0]0]JO0]JO]J]2fO0|1]1]2]1f0f1]1
231 | 1 Nothosaurus ischium YES|1[2]1 0 2 2 20]J]2f|0foO0ojJOofO]2fO0]1]|O0]JO|1|O0]O][1
250 | 3 Nothosaurus pubis YES| 1|21 0 0 2 2 1(2 0 0|0 f[O0][1 0 0O|0Of2|0fJ0]JO]O
252 | 3 Nothosaurus__|vertebral centrum| YES| 4 [ 2 | 2 0 0 2 21]2J0f0ojJOofOjJOfO]JOfJO]J2]OfO]O]fO
261 | 2 | Nothosaurus ischium YES| 1|21 0 2 2 2|12]0]|0]j]OjOjOfOfOfO(f1|l0O0|2|0|JO]JO]O
262 | 2 | Nothosaurus rib YES| 3|2 |1 0 2 3 2|12]0]2]o0jo0ojoOofoOofOofOf1fO0|l2|1|0]JO]1
263 | 3 Nothosaurus rib YES| 3] 2|1 1 0 0 2 2 0[O0 0Oj|0fO0]foO 0 0|02 |1|0]J0]1
267 | 1 Nothosaurus__|vertebral centrum| YES| 4 [ 2 | 2 1 2 3 2 2 10]2 ojofof2jo0)J1]1|2f1]0]1]0
270 | 1 Nothosaurus rib YES| 3|12 |1 0 2 4 2 2 1 (2 0 [ 0 0O|0Of2|0fJ0]JO]O
274 | 2 Nothosaurus__|vertebral centrum| YES| 4 [ 2 | 2 1 2 4 2 2 2/0J0JO0OjJOjJOfO]J1fO]JOfO]JOfO]O
324 | 3 [Mastodonsaurus |vertebral centrum| YES| 4 | 3 | 2 0 0 2 2 2/0J0|0OJO0OjJOfJO]JOfO]2[0]0Of0O]O
347 | 2 [Mastodonsaurus |vertebral centrum| YES| 4 | 3 | 2 0 0 2 2 2/0J0j0OJOjJOfO]J1fO0O]j]Of1]0f0O]O
404 | 4 [Testudinata indet. rib YES| 3|18 |1 0 0 0 2 2 0|2 0 Oj|O0fO0]foO 0 0O|O0Of[O|JOfJO]JO]O
410/11| 4 | Reptilia indet. rib NO[3 |4 ]1 0 0 0 0 0 0[O0 1 0|2 ([0]0 0 oO|lo0Of[fOfJOfJO]JO]O
410/12| 4 | Reptilia indet. rib YES| 3|14 ]1 0 0 0 2 2 1 (2 1 1[(2]0]0 0 ojlo0OfoOfJOfO]JO]1
410/13| 4 | Reptilia indet. osteoderm YES| 1|4 |1 0 0 2|2 ]1]2]1]0|2f0fO0fOfO0fO|JO|JOfO]JO]O
411/10{ 4 | Reptilia indet. osteoderm YES| 1|4 ]1 0 0 2|12]0]2]1]0|2[0fO0f[OfO0OfO|JO|JO|JO]JO]O
576 | 5 | Nothosaurus rib YES| 3|2 |1 0 0 0 1]2]1]1]0]0jOfOf2|0O0fO0fO0O|JO|JO|JO]JO]O
599 | 3 Nothosaurus rib NO|3]2]|1

611 | 2 [Hybodontiformes fin spine YES[3 [5]1 0 2 3 2 2102 |J0]0]J]0O0]JO]J]2|0]|0O]O]JO]1[OfO][2
700 | 3 [Ptychoceratodus toothplate YES[4 |7 |1 2 4 2 oOjojfjofofOojoOojJoOofOoOfOf2]0]O]|O][2
740 | 2 Saurichthys  mandibular ramus) YES| 3 | 6 | 1 0 0 0 0)J]0jO0O|JO]|O]O]JO]J]2|O0O]|O]JO]JO]JOfOfO]foO
877 | 2 | Tanystropheus femur YES[2 |1 ]2 2 4 2 21112 0]0]0 2]1]0f1f1]0]0]JO]1]1
878 | 2 | Tanystropheus femur YES[2 |1 ]2 1 0 0 2 2112 |J0]0]J0O0]J1])]2|0|JO0]J1]2]0fOof1]oO
879 | 2 [ Tanystropheus femur YES[2 |1 ]2 2 3 2 21112 0]J]0jJO0 |02 0 1]1]0]2)J]0f0f1]2
880 | 2 | Tanystropheus femur YES[2 |12 2 4 2(2]0J2f0jJofojo]2f[1]1]0f[0]JOfO]O]1
913 | 1 |Mastodonsaurus rib YES[3 |31 0 0 1{1]oJ1[o0ojJoflojojJofoOo]JOJO[O]JOfO]O]O
918 | 1 [Mastodonsaurus flat bone YES| 1 [3]1 1 0 0 2 2|0]J2|0fO0ojJOfOJOfO]J1f|1]J]O0]jOfO]O]fO
920 | 3 [Mastodonsaurus clavicle YES|1[3]1 0 2 4 2 20]J]2]0f0jJOofO]2f0]J1]0]J1]0fO0]O{[1
921 [ 2 |Mastodonsaurus rib YES| 3|3 ]1 0 2 2 2|12]0]2]0]|O0jOofOfOfOfOfO|2|O0|JO]JO]O
922 | 1 |Mastodonsaurus rib YES[3 |3 |1 0 0 0|l2]0]2]0]|O0O|OfOfOfOfOfO|JO|JO|JO]JO]O
923 | 1 [Mastodonsaurus |vertebral centrum| YES| 4 | 3 | 2 1 2 4 212]0]2]0]|0|O0OfOfOfOfOfOJO|1]O0O]JO]O
924 | 5 [Mastodonsaurus |vertebral centrum| YES| 4 | 3 | 2 0 0 0 0ofo0]Jo0][2 oOjofoOoj2f1]1f1]2]|1f0]1]0O
927 | 2 [Mastodonsaurus flat bone YES|1[3]1 0 2 2 0 2|0]J2|0fO0jJOfO]JOfO]JOfJO]2]1|0o]O]fO
1003 Tanystropheus femur YES[2 |1 ]2 2 4 2 2112 |J0]0J0]JO]J]2f0O0|1]oO0o]2]|]1f0f1]2
1004 | 1 | Tanystropheus humerus YES[2 |1 ]2 2 2 2 2112 |J0]1]0]JO0O]2f1|1]1]0]JOfOf1]2
1013 Tanystropheus rib NO|3 |11

1026 | 3 | Tanystropheus rib YES| 3|1 ]1 0 0 212]1]2]0]|0|O0fOfOfOfOfO|2|0fJO0]JO]O
1051 | 1 | Tanystropheus | vertebradorsal [YES| 4 | 1 [ 2 0 2 1 2|2]0f2]J]o0ojoJoOojO|J2]0f1]0f2]0fO]|1]2
1061 | 2 | Tanystropheus scapula YES[1[1]1 0 0 2 2102 |0]|]0]J]0O]JO)JOfO|O]JO]2]|JO0fOfO]oO
1066 | 2 | Tanystropheus humerus YES[2 |1 ]2 0 0 0 2 21|20 ]0]J]0O0]JO]JOfO|O]JO]2]J]O0fOofO]oO
1071 | 3 | Tanystropheus |vertebracervical [YES| 2 [ 1 [ 3 0 2 2 2 2112 |J0]1]1]Jo0o)jJOofOjO]JO]2]1f0fO]2
1090 [ 1 | Tanystropheus |vertebracervical [YES| 2 | 1 [ 3 2 3 2|2 ]1f(2]J]0j1|1]j0|J2]|]0f1]1f2]1]1]0]2
1091 | 3 | Tanystropheus | vertebradorsal |YES| 4 | 1 | 2 2 1 2 |12]2]2]0]0jO0fOfOfOfOfO|2|0fJO0O]JO]O
1092 | 3 | Tanystropheus rib NO|3 |11

1093 | 1 | Tanystropheus rib NO|3]1]1

1094 | 3 | Tanystropheus rib NO|3]1]1

1096 | 3 | Tanystropheus rib YES| 3|1 ]1 0 0 2|12 ]1]2]o0]ojofofofofofo|l2|0fJO]JO]oO
1097 | 2 | Tanystropheus rib YES[3 |11 0 2 2 2|2 ]1]2]0]Jofojo]Jof[OoO]JO|JO[2]Of[O]O]O
1098 | 2 | Tanystropheus coracoid YES| 1|11 0 2 2 212]0]2]0]|0|OfOfOf[OfOfO|JO|JO|JOJO]O
1099 [ 1 | Tanystropheus |vertebracervical [YES| 2 | 1 [ 3 0 2 0 2|l2]J0f2]J]o0oj1|1]0jJ2]|]O0foOo]1f2]1|1]1]2
1100 | 1 | Tanystropheus scapula NO|1]1]1

1108 Tanystropheus rib YES| 3|1 ]1 0 0 0|l2]0|2]o0o]|o0ojOofOofOf[OfOfJO|JO|JO|JO]JO]O
1119 | 3 | Tanystropheus coracoid YES[1[1]1 0 2 3 2 20|20 ]|]0]J]0O]JO)JOfO|O]JO]JO]JOfOfO]O
1141 | 2 | Tanystropheus |postcloacal bone | YES| 3 | 1 | 2 0 0 0l2]0|2]0]|0O|OfOf2|O0fO0OfO|JO|JOfJO]1]O
1154 | 2 | Tanystropheus rib YES[3 [1]1 0 2 3 2 2 112 0 0Jo0f[O0[2 1 1]0]2]J]0f0f1]2
1158 | 3 | Tanystropheus | vertebradorsal [YES| 4 | 1 [ 2 0 0 0l2]o0of1]J]ojoOJOojO|J2]|]O0Of1]O0ofOo]J1f1]oO0]0O
1160 [ 2 | Tanystropheus | vertebracaudal [YES| 4 [ 1 [ 1 0 2 3 2 2102 |0]|]0]J]0]JO)J2|0|0O]0O]2]1|0f0][2
1161 | 1 | Tanystropheus rib YES| 3|1 ]1 2 2|12]0]2]o0]ojofofoOofOfOof1|l]0|OfJO]JO]O
1165 | 1 | Tanystropheus coracoid NO|1]1]1

1168 Tanystropheus rib YES| 3 [1]1 2 3 2|2]0f2]J]0jO0O|JO0|O|J2]|]0fO]JOf2]0fO]|1]2
1169 | 2 | Tanystropheus humerus YES[2 |12 0 0 1{1]0J1[0ojJofojoOo]Jof[O]OJO[2]Of[O0]O]O
1185 | 1 | Tanystropheus humerus YES| 2 |1 |2 2 2 2101200 jJ0]JO]2|0|1]0]2]1f0f1]O

Scoring: Miedary layer: 1 — M1; 2 — M2a; 3 — M2b; 4 — M3; 5 — M4. Element shape: 1 — flat bone; 2 — massive
long bone; 3 — delicate long bone; 4 — compact bones. Pore size: 1 — only small nutrient foramina; 2 — one or
more larger foramina; 3 — neural canal openings (Tanystropheus cervical vertebra). Glauconite weathering stage:
0 — absent; 1 — mixed evolved absent; 2 — mixed evolved present; 3 — mixed weathered present; 4 — mixed higly
weathered present.
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OSWIADCZENIE / DECLARATION

Rozprawa pod tytulem ,Osteologia, tryb Zycia 1 biomotoryka triasowego
archozauromorfa Tanystropheus z Miedar” sktada si¢ z czterech rozdzialow. Jestem jedynym
autorem pierwszego rozdzialu. Pozostale trzy sg rozdziatami wspotautorskimi, a moj wktad w

kazdy z nich zostal wyszczegodlniony na kolejnych stronach niniejszego o$wiadczenia

This dissertation titled “Osteology, lifestyle, and biomechanics of the Triassic
archosauromorph Tanystropheus from Miedary” consists of four chapters. | am the sole author
of the first chapter. The remaining three chapters are co-authored, and my contribution to

them was specified in the following pages of this declaration.

Adam Rytel
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Rozdziat Il/Chapter |1

Rozdzial Il powstal we wspolpracy z Dawidem Surmikiem (Uniwersytet Slaski
w Katowicach), Tomaszem Szczygielskim (Instytut Paleobiologii PAN), Stephanem
Spiekmanem (Staatliches Museum fiir Naturkunde Stuttgart), Torstenem Scheyerem
(University of Zurich), Thomasem van de Kampem i Marcusem Zuberem (obaj z Karlsruhe
Institute of Technology).

Projekt powstal cze$ciowo na bazie danych tomograficznych i histologicznych
Protanystropheus antiquus pozyskanych przez D. Surmika i T. Szczygielskiego, a takze
dwoch okazoéw Tanystropheus conspicuus zeskanowanych przy wuzyciu tomografii
komputerowej przez T. van de Kampa, S. Spieckmana i M. Zubera. Wszystkie pozostate dane
tomograficzne, ilustracja z Figury 11), lub zostaly utworzone przeze mnie (zdj¢cia i modele
okazéw). Bytem autorem wszystkich Figur poza 4 1 11, a takze calego tekstu manuskryptu
poza czeécig opisOw histologicznych. Cze$¢ danych pordwnawczych zostata pozyskana
W czasie mojego stazu w Zurychu pod opieka T. Scheyera. Wszyscy autorzy uczestniczyli
w dyskusji nad interpretacja uzyskanych wynikow i naniesli poprawki do tekstu 1 figur.

Chapter Il was developed in collaboration with Dawid Surmik (University of Silesia in
Katowice), Tomasz Szczygielski (Institute of Paleobiology PAS), Stephan Spiekman
(Staatliches Museum fiir Naturkunde Stuttgart), Torsten Scheyer (University of Zurich),
Thomas van de Kamp and Marcus Zuber (both from Karlsruhe Institute of Technology).

The project was partly based on tomographic and histological data of
Protanystropheus antiquus obtained by D. Surmik and T. Szczygielski, as well as on two
specimens of Tanystropheus conspicuus scanned using computed tomography by T. van de
Kamp, S. Spiekman, and M. Zuber. All remaining data were generated on my initiative and
under my coordination (thin sections, histological slides, tomographic scans, and the
illustration in Figure 11), or were produced by me (photographs and specimen models). | was
the author of all figures except Figures 4 and 11, as well as the entire manuscript text except
for part of the histological descriptions. Some of the comparative data were obtained during
my research stay in Zurich under the supervision of T. Scheyer. All authors participated in
discussions on the interpretation of the results and contributed to the text and figures.

Oswiadczam, ze mdj wktad w przygotowaniu rozdziatu wynosi okoto 70%.
| declare that my contribution to the chapter is approximately 70%.

Podpisy wspotautoréw / signatures of the co-authors:

Dawid Surmik Tomasz Szczygielski Stephan Spiekman Torsten Scheyer
Thomas van de Kamp Marcus Zuber
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Rozdziat I1I/Chapter III

Rozdziat III powstal we wspotpracy z Pashg van Bijlertem (Utrecht University),
Stephanem Lautenschlagerem (University of Birmingham), Stephanem Spiekmanem
(Staatliches Museum fiir Naturkunde), Mateuszem Tatandg (Uniwersytet Warszawski) i
Tomasz Sulej (Instytut Paleobiologii PAN).

Projekt rozpoczalem z wlasnej inicjatywy. Wyselekcjonowatem okazy ktore zostaty
uzyte w modelu (poza czaszka, a takze pierwszym, drugim i jedenastym kregiem),
koordynowatem ich preparacje i1 stworzylem ich modele. Cze$¢ analityczna zostata
zaplanowana przede mnie, P. van Bijlerta 1 S. Lautenschlagera. S. Lautenschlager utworzyt
pierwszg wersj¢ modelu, ktora poézniej modyfikowana byta przeze mnie, pod opieka P. van
Bijlerta. Analizy zasiggu ruchu szyi wykonatem samemu, korzystajac z narz¢dzi autorstwa P.
van Bijlerta. Analizy elementdw skonczonych przeprowadzil S. Lautenschlager. Bylem
autorem wszystkich figur i praktycznie cato$ci tekstu manuskryptu. Wszyscy autorzy
uczestniczyli w dyskusji nad interpretacja uzyskanych wynikéw i naniesli poprawki do tekstu

i figur.

Chapter 11l was developed in collaboration with Pasha van Bijlert (Utrecht
University), Stephan Lautenschlager (University of Birmingham), Stephan Spiekman
(Staatliches Museum fiir Naturkunde), Mateusz Tatanda (University of Warsaw), and Tomasz
Sulej (Institute of Paleobiology PAS).

| initiated the project on my own initiative. | selected the specimens used in the model
(except for the skull and the first, second, and eleventh vertebrae), coordinated their
preparation, and created their models. The analytical part was planned by P. van Bijlert, S.
Lautenschlager, and myself. S. Lautenschlager created the first version of the model, which
was later modified by me under the supervision of P. van Bijlert. | performed the neck range
of motion analyses myself using tools developed by P. van Bijlert. The finite element analyses
were conducted by S. Lautenschlager. | was the author of all figures and virtually the entire
manuscript. All authors participated in discussions on the interpretation of the obtained results
and contributed to the text and figures.

Oswiadczam, ze moj wktad w przygotowaniu rozdziatlu wynosi okoto 60%.

| declare that my contribution to the chapter is approximately 60%.

Podpisy wspotautorow / signatures of the co-authors:

Pasha van Bijlert Stephan Lautenschlager  Stephan Spiekman Mateusz Tatanda

Tomasz Sulej
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Rozdziat IV/Chapter IV

Rozdziat IV powstat we wspotpracy z Wojciechem Pawlakiem (Uniwersytet
Warszawski), Maciejem Rucinskim (University of Oslo), Eudaldem Mujalem (Staatliches
Museum fiir Naturkunde Stuttgart) i Pawtem Bacalem (Instytut Paleobiologii PAN).

Projekt powstat z inicjatywy mojej i W. Pawlaka. Dokonalem selekcji analizowanych
okazéw, koordynowatem ich preparacj¢ i utworzenie z nich szlifow, a takze wykonatem ich
zdjecia. M. Rucinski zaprojektowal macierz danych i jej analiz¢. Ja, W. Pawlak 1 M. Rucinski
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