
Acta Palaeontol. Pol. 69 (4): 687–712, 2024	 https://doi.org/10.4202/app.01147.2024

How not to disappear completely: new Stereospondyli 
fossils from the Rhaetian, Upper Triassic of Bonenburg, 
North Rhine-Westphalia and their implications  
for the Late Triassic extinction of Stereospondyli
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Prino, A., Witzmann, F., Schwermann, A.H., Sander, P.M., Garbay, L., and Konietzko-Meier D. 2024. How not to disap-
pear completely: new Stereospondyli fossils from the Rhaetian, Upper Triassic of Bonenburg, North Rhine-Westphalia 
and their implications for the Late Triassic extinction of Stereospondyli. Acta Palaeontologica Polonica 69 (4): 687–712.

Temnospondyli appeared in the early Carboniferous, became extinct in the Early Cretaceous and reached high diversity 
especially during the Permian and Triassic. After the end-Permian mass extinction, almost only Stereospondyli survived 
(with the exception of the dissorophoid Micropholis). This clade radiated and gave rise to several successful groups: 
Plagiosauroidea, Trematosauroidea, Metoposauroidea, Capitosauria, and Brachyopoidea. While Brachyopoidea sur-
vived into the Early Cretaceous, the other groups were thought to have gradually disappeared during the Late Triassic, 
going extinct before the Rhaetian. This hypothesis was supported by the lack of unambiguously dated Rhaetian localities 
with Stereospondyli fossils. This gap was filled by the discovery of the Bonenburg clay pit in North Rhine-Westphalia 
(Germany). This locality has been unequivocally dated to the late middle Rhaetian and had yielded a temnospondyl fossil 
assigned to Capitosauria. Here we describe further Stereospondyli fossils from Bonenburg, including diagnostic bones 
such as a dentary, a pterygoid, a parietal, and eight other bones in different states of preservation. These fossils belong to 
at least two taxa of Capitosauria and one taxon of Plagiosauridae and represent the geologically youngest remains of both 
clades. The specimens are described morphologically, and for the long bones, a clavicle fragment, and an unidentified 
dermal bone, histological analysis was used to further confirm the morphological analysis. These results shed light on 
the extinction of two major groups of Stereospondyli, documenting that some non-brachyopoid temnospondyls survived 
until the end of the Triassic.
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Introduction
Temnospondyli Zittel, 1888, were first described by Jaeger 
(1824, 1828) at the beginning of the 19th century and com-
prise a clade of ecologically highly diverse early tetrapods 
that occupied a variety of niches in aquatic, semiterres-
trial and terrestrial habitats. Today, about 200 genera and 
300 species of temnospondyls have been identified from 
all continents (Schoch 2013). The first representatives of 
the clade appeared in the early Carboniferous of Europe 
(Milner and Sequeira 1994; Werneburg et al. 2019), but they 
highly diversified only in the Permian, reaching a peak in 
the Triassic (Milner 1990). The most recent specimen found 
in the fossil record is the Australian Koolasuchus cleelandi, 
indicating the survival of the temnospondyls into the Early 
Cretaceous (Warren et al. 1997). Over the course of their 
long history, temnospondyls attained a high degree of diver-
sity in terms of morphology, adaptations, and the number 
of species. The largest temnospondyls were up to 6 m long 
(Schoch and Milner 2000), while the smallest reached only 
a few centimetres in length (Boy 1972). The majority of 
temnospondyls have been found in freshwater sediments 

deposited in swamps, lakes, and rivers (Schoch and Milner 
2000). However, some taxa are thought to have lived in more 
terrestrial environments (Pawley and Warren 2005), while 
others apparently adapted to marine environments, such as 
the trematosaurids (Kear et al. 2016).

During the Permian, the diversity of temnospondyls 
increased on all continents (e.g., Pawley and Warren 
2006; Steyer et al. 2006; Marsicano et al. 2021). After 
the end-Permian mass extinction, the most severe ever 
(Erwin et al. 2002; Benton 2015), the only group of temno
spondyls that survived (with the exception of the disso-
rophoid Micropholis, see Schoch and Rubidge 2005) was 
Stereospondyli Zittel, 1888 (Schoch and Milner 2000) 
(Fig. 1). This clade radiated during the Triassic, giving rise to 
Rhinesuchidae Watson, 1919, Lydekkerinidae Watson, 1919, 
Brachyopoidea Lydekker, 1885, Plagiosauridae Abel, 1919, 
Trematosauroidea Säve-Söderbergh, 1935 (which includes 
the Metoposauridae Watson, 1919), and Capitosauria Yates 
& Warren, 2000 (Schoch and Milner 2000; Schoch 2013). Of 
these, only Brachyopoidea survived beyond the Triassic into 
the Early Cretaceous (Warren et al. 1997). Rhinesuchidae 
and Lydekkerinidae disappeared in the Early Triassic, while 
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Fig. 1. Schematic diagram representing the time-calibrated phylogenetic tree of Stereospondyli. The black bars represent the known ranges of the stereo-
spondyl clades based on the fossil record. The black dashed lines represent the uncertain presence of the taxa at that time. The grey vertical bar represents 
the duration of the Rhaetian, while the red dashed line represents the time to which Bonenburg was dated. The black stars represent the findings described 
in this paper. Note that there is no other certain record of non-brachyopoid Stereospondyli from the Rhaetian except for the fossils of Bonenburg.
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Plagiosauridae, Trematosauridae, Metoposauridae, and Ca
pitosauria, were thought to have gradually disappeared be-
fore the Rhaetian, during the Middle and Late Triassic, 
rather than going extinct during the end-Triassic mass 
extinction (Milner 1993; Lucas and Tanner 2004, 2015). 
The lack of well-dated potentially stereospondyl-bearing 
fossil localities from the Rhaetian, in contrast to their abun-
dance during the rest of the Triassic, has always been an 
obstacle to testing the hypothesis of a gradual extinction of 
this clade (Milner 1993; Lucas and Tanner 2004, 2015).

Institutional abbreviations.—SMNS, Staatliches Museum 
für Naturkunde, Stuttgart, Germany; WMNM, LWL-Mu
seum für Naturkunde, Münster, Germany.

Other abbreviations.—a, annulus; CEB, Central European 
Basin; ETEE, End Triassic Extinction Event; LAG, line of 
arrested growth; RLb, Rhaetipollis–Limbosporites palyno-
zone b (see Fig. 3); vc, vascular canal; z, zone.

Distribution and last records of 
Temnospondyli in the Late Triassic
Records of all the major clades of the Stereospondyli have 
been found in fossil localities of Late Triassic age on almost 
all continents (Schoch 2013, 2014). Many such records pre-
dated the recognition of the exceptional duration of the Late 
Triassic Epoch of 35 million years (e.g., Ogg and Chen 2020), 
leading to a loss of temporal resolution. The Upper Triassic 
deposit with the greatest abundance of stereospondyl fossils 
in Europe is Krasiejów in Poland, rather imprecisely dated 
to the Carnian–Norian (Dzik and Sulej, 2007; Kowalski et 
al. 2019; Jewuła et al. 2019 and references therein). Here, 
a large number of specimens belonging to the metoposau-
rid Metoposaurus krasiejowensis have been discovered 
(Dzik et al. 2000; Dzik and Sulej 2007; Konietzko-Meier 
and Klein 2013). In addition to these finds, several remains 
of the capitosauroid Cyclotosaurus intermedius have been 
excavated (Sulej and Majer 2005). Another record of ste-
reospondyl from the Upper Triassic of Europe is the skull 
of Cyclotosaurus buechneri from the Carnian of Bielefeld 
(Witzmann et al. 2016). The previously geologically most 
recent European stereospondyl record is Gerrothorax pul-
cherrimus, the plagiosaurid described from the Hogänäs 
Formation at the Bjuv coal mine in southern Sweden (Nilsson 
1934, 1946). Palynological investigations have dated this for-
mation to range from the middle to the late Rhaetian (Vajda 
and Wigforss-Lange 2009). Another Upper Triassic locality 
with stereospondyl fossils in close connection with Europe is 
the Fleming Fjord Formation in East Greenland (Jenkins et 
al. 2008; Marzola et al. 2017, 2018). The lacustrine deposits 
of the Fleming Fjord Formation were initially dated as early 
Rhaetian (Grasmück and Trümpy 1969), but recent work 
places them in the middle to late Norian (Clemmensen et al. 
1998; Andrews et al. 2014). Also, from East Greenland, more 

precisely from the Kap Stewart Formation, are the puta-
tive stereospondyl remains mentioned in Milan et al. (2012), 
found in Rhaetian sediments. However, the fossils are not di-
agnostic due to their highly fragmentary preservation. Other 
European stereospondyl remains initially thought to be of 
Rhaetian age are those from a bone bed in the Algarve region 
of Portugal, described by Witzmann and Gassner (2008). 
Initially, the age assigned to the bone bed was Late Triassic 
to Early Jurassic, but this was revised to Carnian to Norian 
following the discovery of phytosaur material (Mateus et al. 
2014) and of diagnostic temnospondyl material on which the 
new taxon Metoposaurus algarvensis was erected (Brusatte 
et al. 2015).

Cyclotosaurids and plagiosaurids have also been described 
from Lisowice in Poland (Dzik et al. 2008). The rocks exposed 
in the Lisowice clay pit were initially dated as Rhaetian, but 
the age assignment was later changed to Norian based on 
geological studies (Szulc et al. 2015). A similar stereospondyl 
fauna was also reported from Saint-Nicolas-de-Port, France 
(Buffetaut and Wouters 1986; Schoch and Milner 2014). Here, 
the age initially assigned also was Rhaetian, but the locality 
was subsequently re-dated as middle to late Norian (Buffetaut 
and Wouters 1986). One locality from Europe unequivocally 
dated as Rhaetian is Aust Cliff in south-west England, where 
bone beds containing fish and marine reptile fossils have 
been collected for centuries (Storrs 1994). Initially some of 
the fossils from these beds were attributed to Stereospondyli, 
but later the remains were identified as Severnichthys, a large 
holostean fish with teeth superficially similar to those of ste-
reospondyls (Storrs 1994).

Also the United States has a rich record of Late Triassic 
stereospondyls, but again the dating of these localities 
is imprecise because of correlation problems of the conti-
nental red-beds of the Western Interior with marine sequ
ences, and none of the finds can confidently be attributed 
to the Rhaetian (Lucas and Spielmann 2013). The metopo-
saurid Apachesaurus from the continental deposits of the 
Redonda Formation, New Mexico, has long been considered 
a Rhaetian stereospondyl record (Hunt 1993). The fauna of 
this formation has been used as the basis for the Apachean 
Land Vertebrate Faunachron (LVF), a biostratigraphic unit 
extending from the late Norian to the end of the Triassic 
(Lucas 2010, 2017). Biostratigraphy places the most recent 
occurrence of Apachesaurus in the late Rhaetian (Spielmann 
and Lucas 2012), but the Redonda Formation, and in gen-
eral the entire Chinle Group, has uncertain magnetostrati-
graphic dating, making it difficult to confirm a Rhaetian 
age (Lucas and Spielmann 2013). Other metoposaurid taxa 
described from the Upper Triassic of the United States are 
Buettnererpeton and Anaschisma from the latest Carnian to 
early Norian Santa Rosa Formation, Dockum Group, Texas, 
and the middle Norian Popo Agie Formation, Wyoming, re-
spectively (Gee and Kufner 2022; Kufner and Gee 2021).

Late Triassic brachyopoid fossils are known from 
Argentina (Marsicano 1993, 1999) and India (Sengupta 1995; 
Chakravorti and Sengupta 2023). Their remains are also 
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known from post-Triassic strata in East Laurasia (Shishkin 
1991; Maisch and Matzke 2005; Averianov et al. 2008) and 
Gondwana (Warren and Hutchinson 1983; Warren et al. 
1997; Steyer and Damiani 2005). However, brachyopoids 
are globally absent from the Rhaetian fossil record, and to-
tally absent from the European temnospondyl record.

There are hardly any unequivocal Rhaetian stereospon-
dyls in the fossil record (Fig. 1). The only exception are the 
bones discovered at Bonenburg, which include the fossils 
discussed in this work as well as a humerus of Cyclotosaurus 
sp. described by Konietzko-Meier et al. (2019).

Geological setting
Bonenburg is a small village located in eastern North Rhine-
Westphalia, Germany, close to the city of Warburg (Fig. 2A), 
in the Höxter District. The fossils come from the clay pit 
#III operated by the brick factory August Lücking GmbH & 
Co.KG, located 1.5 km northwest of the village. The clay pit is 
separated into two tectonic blocks by a fault crossing it from 
northwest to southeast (Fig. 2B). The northeastern part is 
characterized by Sinemurian sediments. In its southwestern 
part (51°33’45” N, 9°2’30” E), the pit exposes a continuous 
section from the upper Norian to the Hettangian (Figs. 2B, 3) 
(Sander et al. 2016; Wintrich et al. 2017; Sander and Wellnitz 
2024). The upper Norian part of the section is represented 
by the greenish-grey marls of the Middle Keuper. No fossils 
have been reported from this unit. The Rhaetian succes-
sion is unusually thick and continuously exposed, as is the 
Triassic/Jurassic boundary (Fig. 3), making the Bonenburg 
pit one of the best outcrops in the epicontinental Rhaetian of 
Europe (Sander et al. 2016; Gravendyck et al. 2020; Sander 
and Wellnitz 2024).

The Rhaetian rocks in northern Germany are generally 
assigned to the Exter Formation and were laid down pri-
marily in restricted marine conditions in the central part 
of the Central European Basin (CEB), known as the North 
German Basin (Barth et al. 2018).

The Exter Formation is subdivided into three members, 
beginning with the Postera Beds, followed by the Contorta 

Beds, and finally the Triletes Beds (Sander et al. 2016; 
Wintrich et al. 2017; Schobben et al. 2019; Gravendyck et al. 
2020). The top of the Triletes Beds is the top of the Triassic. 
It is capped by the Jurassic marine transgression, repre-
sented by the fully marine Psilonotenton Formation. The 
mudstones with limestone interbeds of this formation con-
tain a characteristic Hettangian ammonite fauna (Schobben 
et al. 2019). The Contorta Beds contain four bone beds 

Fig. 2. Study area. A, B. Location of Bonenburg clay pit, North Rhine-
Westphalia, Germany. C. Satellite image of Bonenburg clay pit. The 
northwest-southeast fault is indicated by the black line. The line between 
Rhaetian and Hettangian indicates the Triassic/Jurassic boundary. The pho-
tograph adapted from © GeoBasis-DE / BKG (2022) CC BY 4.0
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Table 1. List of the fossils currently attributed to Temnospondyli from Bonenburg including the humerus WMNM P64371 that was the subject of 
a previous study (Konietzko-Meier et al. 2019). Specimens collected by Michael Mertens are marked by an asterisk.

Field N° Inventory N° Year Bonebed Taxon Body part Reference

TE2
P97556* cf. Cyclotosaurus sp. left pterygoid fragment this paper
P64371 2 cf. Cyclotosaurus sp. left humerus Konietzko-Meier et al. 2019
P97559* 2b Capitosauroidea indet. right dentary this paper

TE1
P97557* 2018 2a Capitosauroidea indet. right angular in matrix this paper
P97791 2018 2a Capitosauroidea indet. partial left clavicle this paper
P98583 2a Capitosauroidea indet. partial interclavicle this paper

TE3 P97555* 3 Capitosauroidea indet. dermal bone fragment this paper
P97790 2a Capitosauroidea indet. left femur this paper

210 P97553 2a Capitosauroidea indet. right femur (proximal portion) this paper
156 P97470 2017 2b Plagiosaurinae right parietal this paper
333 P97554 2015 2a Plagiosaurinae interclavicle fragment this paper
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which provided the majority of the rich and diverse verte-
brate fauna from Bonenburg (Table 1 and SOM 1: table 1, 
Supplementary Online Material available at http://app.pan.
pl/SOM/app69-Prino_etal_SOM.pdf). An exception to the 
bone bed origin is the articulated skeleton of the plesiosaur 
Rhaeticosaurus mertensi, which was found between Bone 
Beds 1b and 2a (Fig. 3; Wintrich et al. 2017).

The fresh exposure in the clay pit and the organic-rich 
sediments allowed densely spaced palynological sampling 
from the Postera Beds into the Hettangian and high-resolu-
tion biostratigraphic dating of the rock units and bone beds 
(Gravendyck et al. 2020). The dating is based on the regional 
palynostratigraphic framework of the CEB (Barth et al. 2018; 
Gravendyck et al. 2020 and references therein) which is based 
primarily on drill hole sampling. Bone Bed 2 is datable with 
high precision as late middle Rhaetian (Gravendyck et al. 
2020; Sander and Wellnitz 2024) because the bone bed is sit-
uated in the upper part of the middle subzone (RLb subzone 
of Gravendyck et al. 2020) of the Rhaetipollis–Limbosporites 
palynozone of the CEB (Fig. 3). The RLb subzone is middle 
Rhaetian in age.

Interpolation from the geological time scale (Ogg and 
Chen 2020: duration of the Rhaetian from 205.7–201.36 Ma) 
suggests that the bone bed predates the end of the Triassic by 
1.5–2 Ma. The Bonenburg section currently is probably the 
best-dated outcrop in the epicontinental European Rhaetian 
and “provides the most detailed record to date of vegetational 
changes leading up to the biotic crisis” (Gravendyck et al. 
2020: 24). Beside stereospondyls, the fossil vertebrate fauna 
of Bonenburg consists of chondrichthyans, osteichthyans, 
ichthyosaurs, plesiosaurs, sphenodonts, putative choristo
deres, phytosaurs, and synapsids (Sander et al. 2016; SOM 1: 
table 1).

Material and methods
The subject of the current study are 11 fossils of stereospon-
dyls (Table 1). Some of them were recovered during exca-
vations by the University of Bonn and the LWL-Museum 
für Naturkunde, others were discovered by the local collec-
tor Michael Mertens (Altenbeken, Germany). Due to their 
great scientific importance, M. Mertens’ finds were regis-
tered as “treasure trove finds”. This term refers to §18 of the 
Denkmalschutzgesetz NRW (Monument Protection Act of 
North Rhine-Westphalia), which states that fossils of special 
significance become the property of the state upon disco
very. The discoverer, in this case M. Mertens, received a 
reward. All specimens are housed in the WMNM.

All specimens were examined and described from a 
morphological point of view, and some were also sectioned 
to observe their bone histology to aid identification.

Morphological methods.—The specimens were measured 
using a JOBI® vernier calliper 150 mm and a JOBI® cal-
liper gauge 150 mm. Details of the measurements are given 
in the SOM. The nomenclature used in the morphological 
descriptions follows different publications, depending on 
the specimen studied. Taxonomic identifications have been 
made based on the literature or, in the case of fossils held in 
the collections of the SMNS, based on first-hand comparison 
by the first author.
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Fig. 3. Simplified stratigraphy of the Norian to Hettangian section exposed 
at the Bonenburg clay pit #III of August Lücking GmbH & Co. KG, North 
Rhine-Westphalia, Germany, with a special emphasis on the location of 
the bone beds and the plesiosaur skeleton in the section. The thick white 
dashed line on top of the Contorta Beds indicates truncation by a low-an-
gle fault. Note that the reddish mudstones also belong to the Triletes Beds. 
Colors of the rock types in the main stratigraphic column approximate 
colors in fresh outcrop. Abbreviations: Bb, bone bed; cly, claystone; fss, 
fine-grained sandstone; md, mudstone; PF, Psilonotenton Formation; slt, 
siltstone. Palynozones: CE, Classopollis–Enzonalasporites palynozone; 
RL, Rhaetipollis–Limbosporites palynozone; RP, Riccisporites–Polypodii
sporites palynozone; PiK, Pinuspollenites–Kraeuselisporites palynozone. 
Subzones are labelled alphabetically. Modified from Wintrich et al. (2017), 
palynostratigraphy from Gravendyck et al. (2020).
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Histological methods.—Some of the specimens were sec-
tioned in order to study their bone histology. Long bones 
were sectioned at midshaft, or as close as possible to it; the 
dermal bones were sectioned as marked in the respective 
figures. The thin-sectioning procedure followed the one de-
scribed by Lamm (2013) with one exception: instead of sili-
con carbide paper to grind the thin section, a slush of silicon 
carbide grinding powder was used with both grit sizes of 
400 and 600. Furthermore, the sections were polished with 
a grit size of 800 and then covered with a coverslip. The 
microscope used for the observations of the sections was a 
LEICA DM LP polarizing light microscope (© 2022 Leica 
Microsystems). For overview images of the microanatomy, 
the sections were scanned with an EPSON PERFECTION 
V750 PRO flatbed scanner using a resolution of 3200 dpi. 
The nomenclature used in the descriptions of the histology 
follows de Buffrénil et al. (2021).

Systematic palaeontology
Temnospondyli Zittel, 1888
Stereospondyli Zittel, 1888
Capitosauria Yates & Warren, 2000

Capitosauroidea Säve-Söderbergh, 1935
Cyclotosauridae Shishkin, 1964
Cyclotosaurus Fraas, 1889
cf. Cyclotosaurus sp.
Figs. 4, 5.

Material.—WMNM P97556, a portion of the palatine ra-
mus of the left pterygoid; WMNM P64371, a left hume
rus; all from clay pit #III of the August Lücking GmbH 
& Co. KG, northwest of the village of Bonenburg, North 
Rhine-Westphalia, Germany; Contorta Beds of the Exter 
Formation, Rhaetian, Triassic.
Description.—WMNM P97556 (Fig. 4; SOM 1: fig. 1): the 
pterygoid fragment is dorsoventrally flattened and weakly 
concave on the ventral side, while it is convex on the dorsal 
side. The medial edge, which forms the posterolateral bor-
der of the interpterygoid vacuity, is straight, with only the 
most proximal portion weakly medially recurved. On the 
other hand, the lateral edge, which contributes to the border 
of the subtemporal window, is weakly convex. This convex-
ity, resulting from a lateral enlargement called “transverse 
flange” (Damiani 2001), probably switches to a concavity 
in the most proximal portion of the palatine ramus. The 
ventral surface of the bone is concave, but the concavity 
is accentuated in the medial portion, at around 1 cm from 

A1 2A

10 mm

lateral

rostral

lateral
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transverse flange

Fig. 4. Stereospondyl amphibian cf. Cyclotosaurus sp. from the Rhaetian Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, Germany. 
WMNM P97556, portion of the palatine ramus of a left pterygoid in ventral (A1) and dorsal (A2) views.
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the edge, forming a sort of longitudinal groove (Fig. 4A1). 
The lateral-most portion of the ventral surface is rather flat 
but weakly ornamented (Fig. 4A1). The dorsal surface of 
the bone is smooth and convex along the longitudinal axis 
(Fig. 4A2). The ornamentation consists of a few longitudinal 
ridges, most evident in the medial-most portion of the ven-
tral surface.

WMNM P64371 (Fig. 5; SOM 1: figs. 2, 3): A detailed 
morphological and a preliminary histological description 
of this humerus was published by Konietzko-Meier et al. 
(2019). The humerus shows the typical cyclotosaur mor-
phology, with a dorsoventrally flattened and short shaft and 
weakly developed supinator process (SOM 1: figs. 2, 3).

A preliminary histological description of WMNM 
P64371 was published by Konietzko-Meier et al. (2019). 
Here we summarize the previous study and update the his-
tology with the new details about the growth pattern. The 
shape of the cross section is triangular, with the apex of 
the triangle representing the radial crest (Fig. 5A1). The 
entire bone section is highly porous, mostly as a result of 
advanced remodelling (Fig. 5A1). The inner part of the bone 
is crushed, and thus it is difficult to determine whether an 
empty medullary cavity was present. Only a very small area 
of the trabeculae in the center of section seems to be exclu-
sively of secondary origin (Fig. 5A2). Most trabeculae in the 
deep parts of the section still consist of some primary bone 
in the interstitial areas between the secondary bone, and the 
amount of primary bone increases towards the periphery. 
There are distinctive growth marks in the cortex, consisting 
of zones, annuli, and lines of arrested growth (LAGs). Zones 
are made up by a poorly organized parallel-fibered matrix 
complemented by a large amount of longitudinal vascular 
canals. The organization of the matrix increases toward 
the bone surface. In ontogenetically older zones, vascular 
canals are usually enlarged by resorption, transitioning to 
erosion cavities. Next to the outer bone surface, the vas-
cular canals are represented by simple canals or primary 
osteons. In the annuli, the tissue is always highly organized 
parallel-fibred matrix and less vascularized compared to the 
zones. The first annulus followed by the first LAG is in the 
inner part of the section, marking the first period of slow 
growth. After the first LAG, there are nine regular cycles 
visible, each consisting of a highly vascularized, thick zone 
followed by a thin, avascular annulus terminating in a LAG 
(Fig. 5A2). The regular pattern breaks down after the tenth 
LAG, where a set of closely spaced growth marks, consist-
ing of dark lines, is visible (Fig. 5A3). The exact number is 
difficult to determine, but at least nine lines are visible, with 
the last line being more pronounced (LAG XI, Fig. 5A2, A3). 
Beyond this set, there are three highly vascularized zones. 
However, these are thinner than those in the deeper cortex 
(Fig. 5A3). This pattern indicates further bone growth. The 
thickness of zones decreases in each cycle. Each zone is 
followed by an annulus terminating in a double LAG (LAGs 
d. XII to d. XIV, Fig. 5A4). Next to the bone surface, there is 
one last LAG (Fig. 5A3, LAG XV).

Remarks.—The morphology of the palatine ramus of the 
pterygoid indicates that it belongs to Capitosauria (Schoch 
2008; Arbez et al. 2017; Marzola et al. 2017). However, the 
presence of ornamentation on the ventral side allows to 
exclude several capitosaurids listed in Schoch (2008: char-
acter #49). The subsequently described Stanocephalosaurus 
amenasensis Dahoumane et al., 2016 (Nedjari et al. 2010) 
shows an ornamented pterygoid but can be excluded from 
consideration since its palatine ramus is not concave, the or-
namentation is “honeycomb-like’’ instead of straight ridges, 
and its geological age is too late (early Middle Triassic). 
Cyclotosaurus naraserluki (Marzola et al., 2017) shows ven-
tral ornamentation on the palatine ramus of pterygoid, as 
in the Bonenburg fossil, and is almost coeval (see above). 
Thus, the shape and ornamentation of WMNM P97556 al-
low its identification as the palatine ramus of the left pter-
ygoid and assignment to Cyclotosaurus sp. We assume this 
to be the same biological species as that represented by 
humerus WMNM P64371 (see below).

Based on the morphological comparison with other tem-
nospondyl humeri, Konietzko-Meier et al. (2019) assigned 
humerus WMNM P64371 to Cyclotosaurus sp. As noted, the 
humerus represents the typical Cyclotosaurus morphology 
with a dorsoventrally flattened, short shaft and weakly de-
veloped supinator process (SOM 1: fig. 1). Furthermore, the 
bone histology of WMNM P64371 excludes amniotes from 
consideration (for discussion and details see Konietzko-
Meier et al. 2019).

Capitosauroidea indet.
Figs. 6–16.

Material.—WMNM P97559, a partial right dentary with re-
mains of the precoronoid and the presplenial (Bone Bed 2b); 
WMNM P97557, a right angular in matrix (Bone Bed 2a); 
WMNM P97791, a partial left clavicle (Bone Bed 2a); WMNM 
P98583, a portion of the left lateral wing (sensu Schoch 1999) 
of an interclavicle (Bone Bed 2a); WMNM P97555, a dermal 
bone indet. (Bone Bed 3); WMNM P97553, the proximal por-
tion of a right femur (Bone Bed 2a); WMNM P97790, an al-
most complete left femur (Bone Bed 2a); all from clay pit #III 
of the August Lücking GmbH & Co. KG, northwest of the 
village of Bonenburg, North Rhine-Westphalia, Germany; 
Contorta Beds of the Exter Formation, Rhaetian, Triassic.
Description.—WMNM P97559 (Fig. 6; SOM 1: fig. 4): The 
dentary is dorsoventrally higher in the posterior portion, 
and it becomes lower in the rostralmost portion, just before 
the symphysial region. The specimen is weakly mesially 
recurved and is not complete, since it lacks the symphysial 
region and the posteriormost part of the dentary, and only 
the precoronoid and presplenial remain of all the bones nor-
mally attached on the lingual side. The lingual side holds 
a deep groove in the posterior half of the bone (Fig. 6A1). 
This groove is the Meckelian canal, which in a complete 
jaw would have been covered by the coronoids and splenials 
lacking here, but the sutural surface of attachment of these 
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bones is visible in the area dorsal to the groove and just be-
low the dental margin. The precoronoid and the presplenial 
are fragmentary and lack both the anterior and posterior to 
portions. The anteriormost part of the dentary, just before the 
symphysial region, is much narrower than the posterior one, 
and so is the groove. The labial side presents a deep groove, 

termed “horizontal groove” (Welles 1947) that crosses the 
surface diagonally, from the lowermost distal extremity up 
to the uppermost mesial one, close to the marginal tooth row 
(Fig. 6A2). Dorsally to this groove, the surface of the dentary 
is rather smooth, with the exception of damage produced by 
diagenetic alteration and weathering. Ventral to the groove, 
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Fig. 6. Capitosauroidea indet. from the upper middle Rhaetian Bone Bed 2b, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97559, dentary in lingual (A1), labial (A2), and occlusal (A3) views.

Fig. 7. Capitosauroidea indet. from the upper middle Rhaetian Bone Bed 2, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97557, angular in matrix exposed in labial view.
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the surface is weakly ornamented. The ornamentation con-
sists of a few ridges parallel to the long axis of the bone (Fig. 
6A2). The dorsal region of the dentary holds 25 tooth sockets, 
all of which are elliptical with the main axis labiolingually 
oriented and all of the same size (Fig. 6A3).

WMNM P97557 (Fig. 7; SOM 1: fig. 5): This sub-trian-
gular bone is an angular which has the anterior part, the one 
contacting the dentary, highly elongated. The dorsoventrally 
tallest part of the bone is close to the posterior end, in cor-
respondence with the suture between the dentary and the 
surangular (Fig. 7; SOM 1: fig. 5). This specimen has been 
prepared only labially, with the lingual face still being cov-
ered by matrix. The labial side is entirely ornamented, and the 
ornamentation appears as an arrangement of pits and ridges, 
with the ridges forming a reticular anastomosing pattern sur-
rounding polygonal pits. The ridges are arranged radially and 
converge towards the region positioned ventrally to the tallest 
part of the bone. Proceeding distally from this region, the 
ridges progressively stop anastomozing and start being paral-
lel to each other, especially in the anteriormost area.

WMNM P97791 (Figs. 8, 9; SOM 1: fig. 6): The ventral 
surface of the clavicular blade shows an ornamentation with 
an anastomozing pattern of ridges enclosing pits (Fig. 8A1). 
The dorsal surface of the blade is smooth in temnospondyls, 
but in WMNM P97791 this surface remains covered by sed-
iment (Fig. 8A2). In lateral view, the anteriormost portion of 
the base of the ascending process (Rinehart and Lucas 2016) 
is visible (Fig. 8A2). The medial edge of the specimen shows 
a distinctive stepped morphology (Fig. 8A3). However, thin 
sectioning of the specimen revealed diagenetic fracturing as 
the explanation of this morphology.

The clavicle shows a diploë structure, typical for the der-
mal bone of temnospondyls with the ornamented external 
surface (Fig. 9A1–A3). In the external cortex, the primary 
tissue comprises highly organized parallel-fibered bone. 
The region of the cortex representing the structures of the 
ornamentation is almost avascular or with only irregularly 
arranged small vascular canals (Fig. 9A2–A5). Most of the 
canals show lamellar infilling, primary or secondary, while 
only very few canals are still simple. In the ornamented 
portion, the apices of the ridges all shifted medially with 
the growth of the bone, but still maintain the same distance 
between each other (Fig. 9A2, A3). The external cortex grad-
ually transits to the medial region of the diploë. The size of 
the internal spaces increases with the decreasing amount 
of primary tissue present between cavities (Fig.  9A6, A7). 
However, the remains of a primary tissue are visible deep in 
the bone, and the trabeculae show the regular arrangement 
in rows. Only the most central part is composed of irregu-
larly arragend secondary trabeculae. The medial region is 
bounded by the inner cortex, but the border here is also not 
sharp. The inner cortex is highly vascularized, and annuli 
and zones are easily distinguishable (Fig. 9A8, A9). The 
tissue in the annuli is avascular with a highly organized 
parallel-fibered matrix, whereas the matrix in the zones is 
less organized, and the longitudinal vascular canals are well 

arranged in rows (Fig. 9A8, A9). In the central-most region 
of the inner cortex, large cavities are present as a result of 
resorption and remodeling.

WMNM P98583 (Fig. 10; SOM 1: fig. 7): The ventral side 
of the interclavicle fragment is almost entirely ornamented 
with the exception of a portion of the lateral rim, where the 
clavicle once overlapped the interclavicle. The ornamen-
tation is formed by thick, branched ridges radiating from 
the center of the interclavicle. In the center itself, the ridges 
form polygonal pits (Fig. 10). The dorsal surface is mostly 
smooth with the exception of weak radial striations.

Fig. 8. Capitosauroidea indet. from the upper middle Rhaetian Bone Bed 
2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97791, clavicle in ventral (A1), dorsal (A2), and me-
dial (A3) views. The dashed line indicates the histological sectioning plane.
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WMNM P97555 (Figs. 11, 12): The bone is strongly weath-
ered and is still partially embedded in sediment (Fig. 11A1, 
A2). Since the specimen shows ornamentation with thick 
ridges, it is identifiable as a dermal bone. However, due to 
poor preservation, it is impossible to determine what dermal 
bone it is.

WMNM P97555 was sectioned to observe its bone his-
tology (Fig. 12). The internal structure of the specimen is 
highly crushed but the histological characters are partially 
preserved. The external cortex is very thin and preserved 
only in the region of ornamentation (Fig. 12A2, A3). The pri-
mary matrix is parallel-fibered with numerous interwoven 
structural fibers. Numerous longitudinal vascular canals, 
consisting of primary and secondary osteons, are arranged 
in rows (Fig. 12A2, A3). In the external-most portion, there 
are no vascular canals, but growth marks are visible, show-
ing the shift of the ridges during growth. Detailed analysis 
of the growth marks is not possible due to the poor state 
of preservation. The medial region is built by secondary 
trabeculae separated by large cavities. In cores of some of 
these trabeculae, the remains of primary tissue with vascu-
lar canals can still be observed (Fig. 12A4, A5). It is import-
ant to note that the border between the external and medial 
regions is relatively sharp. The medial cortex is very thin 
and highly fragmentarily preserved (Fig. 12A6, A7). Similar 
to the external cortex, there is also a sharp border with the 
medial region. The matrix of the internal cortex is more 
highly organized than that of the external cortex, and the 
tissue is almost avascular, showing only a few very small 
vascular canals.

WMNM P97553 (Figs. 13, 14; SOM 1: fig. 8): Femur 
heavily corroded by exposure on the sea floor and diage-
netic processes, possibly compromising the morphology. 
The anteroventral surface of the shaft of the bone is weakly 
concave and smooth, except for the presence of the mus-
culus pubisischiofemoralis internus insertion (Fig. 13A2) 
(Eltkin and Langer 2014). In the proximal-most portion of 
this surface, there is a ridge which is the result of cracking 
and does not correspond to any anatomical structure. The 
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Fig. 9. Microanatomy and histology of Capitosauroidea indet. from the upper 
middle Rhaetian of the Contorta Beds of the Exter Formation of Bonenburg, 
North Rhine-Westphalia, Germany. WMNM P97791, clavicle overview im-
age showing microanatomy (A1); close-up of external cortex, focused on 
ridge of ornamentation showing parallel-fibered bone with sparse, irregu-
larly arranged vascular canals (arrows)(A2, A3); close-up of vascular canals 
in the external cortex (A4, A5); close-up image of the center region, with 
large cavities and mostly secondary tissue (A6, A7); close-up image of the 
visceral cortex, with annuli and zones indicated by arrows (A8, A9). Images 
in normal (A1, A2, A4, A6, A8) and polarized (A3, A5, A7, A9) light.
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Fig. 10. Capitosauroidea indet. from the upper middle Rhaetian Bone Bed 
2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P98583, interclavicle fragment in ventral view.
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posterodorsal region shows the highly weathered remains 
of the internal trochanter, located on the ventral-most area 
of this surface (Fig. 13A1). In the proximal portion of the 
posterodorsal region, there is the intertrochanteric fossa 
(Fig.  13A1). The distal half of the bone is broken off just 
proximal to the proximal end of the adductor crest.

WMNM P97553 was sectioned close to the natural frac-
ture. The histological cross section would anatomically 
have an oval shape, but because of crushing, the long sides 
of the oval are concave, resulting in a figure-eight shape 
(Fig. 14A1). The inner region of the bone is crushed, so it is 
hard to estimate the original shape of the medullary region 
(Fig.  14A2, A3). The transition between medullary region 
and cortex seems to be gradual. The size of erosion cavi-
ties decreases gradually from very large in the central-most 
part of the section to smaller in the primary cortex. In the 
middle portion of the cortex, cavities become larger again, 
then return to smaller sizes in the external-most cortex (Fig. 
14A4, A5).

The cortex is characterized by lamellar-zonal bone tissue, 
with eleven annuli and zones easily distinguishable (Fig. 
14A1, A4, A5). In the avascular annuli, the primary matrix 
is made up by highly organized parallel-fibered bone, with 

thick collagen fibers. The annuli are separated by zones 
hosting only one row of vascular canals. In the deeper part of 
the cortex, the vascular canals are usually altered by remod-
eling, represented by the secondary osteons or erosion cav-
ities. Towards the bone surface, the vascular canals become 
smaller and less remodelled and mostly are primary osteons 
or simple vascular canals. The matrix in the zones is a poorly 
organized parallel-fibered bone matrix. In the cortex the 
distinct decrease of the growth rate expressed by thinning 
of the growth rings is not observed, as well as the relatively 
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Fig. 11. Capitosauroidea indet. from the upper middle Rhaetian Bone Bed 
3, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97555, dermal bone fragment in external (A1) and 
internal (A2) views. The dashed line indicates the sectioning plane.
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Fig. 12. Microanatomy and histology of Capitosauroidea indet. from the 
upper middle Rhaetian Bone Bed 3, Contorta Beds, Exter Formation, 
Bonenburg, North Rhine-Westphalia, Germany. WMNM P97555, dermal 
bone fragment. Scan of the entire section illustrating its microanatomy 
(A1); close-up of the external cortex, in particular of a ridge of the orna-
mentation where the vascular canals are visible (A2, A3); close-up of the 
center region, with large cavities separated by secondary trabeculae (A4, 
A5); close-up image of the scarcely vascularized visceral cortex (A6, A7). 
Images in normal (A1, A2, A4, A6) and polarized (A3, A5, A7) light.
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low remodeling when compared to the second femur indicate 
that the bone belonged to a still actively growing individual.

WMNM P97790 (Fig. 15, 16; SOM 1: fig. 9): A nearly 
complete femur, the proximal and distal articulation facets 
are damaged by corrosion, however. The incomplete preser-

vation of the proximal and distal ends necessitates caution 
in estimating the femur’s size in the living animal. The shaft 
is long and almost straight in ventral and dorsal view. The 
torsion angle between the proximal and distal end is approx-
imately 10°. The bone is dorsoventrally flattened (with the 
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Fig. 13. Capitosauroidea indet. from the late middle Rhaetian Bone Bed 2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97553, proximal portion of right femur in posterodorsal (A1), anteroventral (A2), dorsal (A3), ventral (A4), and proximal (A5) views. 
Proximal is on the top. The dashed line indicates the histological sectioning plane.
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exception of the midshaft), which results in a ratio between 
the long and short midshaft diameter of approximately 1:1.27 
(Fig. 15). At midshaft, the bone is almost round in cross-sec-
tion and shows a pronounced curvature so that the dorsal 
edge is convex and the ventral edge is concave (Fig. 15). On 
the anteroventral side, the shallow indentation of the fossa 
poplitea is visible (Bystrow and Efremov 1940) (Fig. 15A1). 
In posterodorsal view, the distal end of the femur possesses 
a triangular indentation, the fossa tendinalis (Bystrow and 
Efremov 1940), which has its maximum width at its most 
distal point while narrowing more proximally (Fig. 15A2). 
These indentations separate the posterior articulation area 
for the fibula and the anterior articulation area for the tibia. 

Ventrally, the adductor crest emanates from the anterior 
articulation area for the tibia (Fig. 15A5). It extends proxi-
mally into the internal trochanter, aligning with the anterior 
margin of the shaft.

The femur (WMNM P97790) was sectioned at mid-shaft 
(Fig. 15A1). The shape of the section is circular, with an 
elevation representing the adductor crest (Fig. 16A1). Apart 
from a thin outermost layer, the entire section is highly re-
modeled and spongious (Fig. 16A1). The remains of the pri-
mary cortex consist of lamellar-zonal bone with ten visible 
growth cycles (Fig. 16A2). The annuli are made of well or-
ganized parallel-fibered bone, whereas the zones show a 
less organized matrix (Fig. 16A2). The zones mostly consist 
of longitudinal primary osteons, but in the deeper cortex, 
secondary osteons and erosion cavities are more common 
(Fig. 16A2).
Remarks.—Based on the labiolingually elliptical shape of 
the tooth sockets, it is possible to narrow down the iden-
tification of WMNM P97559 to either Capitosauroidea or 
Chigutisauridae (Warren and Davey 1992). However, the 
morphology points more towards Capitosauroidea, since the 
posterior region is enlarged compared to the anterior one, 
whereas in Chigutisauridae, the area just posterior to the 
symphysial region is enlarged (Schoch 1999; Warren 1981). 
Among Capitosauroidea, it is difficult to assign this spec-
imen to a genus. This is because the most similar taxon is 
the Middle Triassic Mastodonsaurus giganteus Jaeger, 1828, 
but the precoronoid and the presplenial seem to terminate 
more posteriorly in this taxon, leaving a larger portion of the 
dentary exposed on the lingual side (Schoch 1999) than in 
WMNM P97559. 

Since Cyclotosaurus was certainly present in Bonenburg, 
this would be the most logical attribution for WMNM 
P97559, but there are some anatomical inconsistencies. 
First, the groove on the labial side is parallel to the marginal 
tooth row in Cyclotosaurus (Sulej and Majer, 2005) but 
diagonal in WMNM P97559. Second, the lingually exposed 
portion of the dentary is smaller in Cyclotosaurus (Sulej 
and Majer 2005) than in the Bonenburg specimen. However, 
only one other dentary of Cyclotosaurus has been described 
(Sulej and Majer 2005), therefore intraspecific variability 
cannot be excluded. It is not possible to confirm or exclude 
the Cyclotosaurus attribution of the specimen, nor to link 
it to any of the other fossils described herein. For these 
reasons, the specimen is assigned in open nomenclature to 
Capitosauroidea indet.

The ornamentation of the angular WMNM P97557, with 
its reticular pattern of ridges and polygonal pits, is a char-
acter only shared by Capitosauroidea and Metoposauroidea 
(Shishkin 1987; Sulej and Majer 2005; Sulej 2007; de 
Buffrénil et al. 2016). Since the ornamentation is more ro-
bust than in Metoposauroidea, the specimen is assigned 
to Capitosauroidea. The type of ornamentation resembles 
that of clavicle WMNM P97791, while it shows differences 
to the fragment of interclavicle WMNM P98583 and the 
dermal bone indet. WMNM P97555, that show deeper and 
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Fig. 15. Capitosauroidea indet. from the late middle Rhaetian Bone Bed 
2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, 
Germany. WMNM P97790, left femur in anteroventral (A1), posterodorsal 
(A2), proximal (A3), dorsal (A4), and ventral (A5) views. Proximal is to the 
top (A1, A2) and to the left (A4, A5). The dashed line indicates the histolog-
ical sectioning plane.
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larger valleys between sharper ridges (see Discussion). 
Thus, the angular may belong to a different species than 
WMNM P98583 and WMNM P97555, but at the same 
time it is impossible to confirm or exclude its attribution 
to Cyclotosaurus or any other of capitosauroid. For these 
reasons, the specimen is assigned in open nomenclature to 
Capitosauroidea indet.

With its anastomozing pattern, the ornamentation of the 
clavicle fragment WMNM P97791 is typical of capitosauroids 
and metoposaurids. Nonetheless, the ridges of this specimen 
are relatively robust, more similar to those of capitosauroids 
(Schoch 1999; Sulej and Majer 2005). Furthermore, the mi-
crostructure with its high porosity seems to be more typical 
of capitosauroids when compared to Metoposaurus with its 
relatively compact bones (Kalita et al. 2022). Based on mor-
phological and histological data, we assign clavicle WMNM 
P97791 to Capitosauroidea indet., with a high probability 
of it belonging to the same taxon as the angular described 
above, given the similarity of their ornamentation. On the 
other hand, the differences in the dermal sculpturing from 
the fragment of interclavicle WMNM P98583 and the dermal 
bone indet. WMNM P97555 are evident and could reflect a 

taxonomic distinction (see Discussion). We cannot exclude 
the possibility that the clavicle WMNM P97791 and the an-
gular WMNM P97557 pertain to the same Cyclotosaurus 
species represented by the fragmentary pterygoid WMNM 
P97556 and the humerus WMNM P64371.

The ornamentation of the interclavicle fragment WMNM 
P98583 formed by ridges, grooves, and polygonal pits is 
typical of Capitosauroidea (Shishkin 1987; Sulej and Majer 
2005; de Buffrénil et al. 2016). Nevertheless, the thickness 
of the ridges, the depth of the grooves, and the wide distance 
between ridges is quite significant, especially in comparison 
with other specimens described herein. The exception is the 
Capitosauroidea indet. dermal bone WMNM P97555, which 
shows a robust ornamentation as well (see Discussion). The 
interclavicle fragment WMNM P98583 is thus assigned to 
Capitosauroidea indet., and it might pertain to a different 
taxon than the clavicle WMNM P97791 and the angular 
WMNM P97557.

The ornamentation type of WMNM P97555 is charac-
teristic of both Capitosauroidea and Metoposauroidea, but 
the histology excludes metoposauroid affinities since their 
bone is more compact (Kalita et al. 2022). The coarse nature 
of the bone ornamentation of WMNM P97555 suggest that 
it represent the same species of indeterminate capitosauroid 
as the fragmentary interclavicle WMNM P98583 (see above 
and Discussion).

The femoral fragment (WMNM P97553) does not show 
the clear torsion between the proximal and distal end that is 
typical of Trematosauria, but it shows the less pronounced 
torsion characteristic of Capitosauroidea (Schoch 1999; 
Sulej and Majer 2005). Also, Plagiosauridae can be excluded 
since they show an adductor crest arising from the posterior 
articulation area of the fibula, while in this specimen the 
adductor crest arises from the internal trochanter and ter-
minates in the distal posterior articulation area for the tibia. 
This character and the less dorsoventrally flattened ends in-
dicate a similarity of the specimen to Paracyclotosaurus da-
vidii Watson, 1958, rather than Mastodonsaurus giganteus 
(Jaeger, 1828) (Watson 1958; Schoch 1999). The specimen 
herein described can thus be assigned to Capitosauroidea, 
with more similarities to Paracyclotosaurus than to 
Mastodonsaurus. Histological data suggest similarity with 
humerus WMNM P64371 and femur WMNM P97790 (see 
below), however again due to our scanty knowledge of the 
variation of histological characters among capitosaurs, it is 
difficult to state if these bones represent the same capito-
sauroid taxon at different ontogenetic stages or two separate 
taxa (see Discussion for more details).

Identification of WMNM P97790 as a capitosauroid fe-
mur emerges as the sole viable option from comparative 
analysis, given that the humerus in Stereospondyli features 
a short, flattened shaft with widened ends distally and 
posteriorly. The specimen shows resemblance with femur 
WMNM P97553 (see above). Regardless of its exact af-
finity, this specimen represents the largest Stereospondyli 
femur preserved in the fossil record. The limited availabil-
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Fig. 16. Microanatomy and histology of Capitosauroidea indet. from 
the late middle Rhaetian Bone Bed 2a, Contorta Beds, Exter Formation, 
Bonenburg, North Rhine-Westphalia, Germany. WMNM P97790, left fe-
mur. Scan of the entire section showing the general microanatomy (A1), 
close-up image of the cortex showing ten annuli in normal light (A2) and in 
polarized light (A3). The Roman numbers indicate the sequence of LAGs.
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ity of stereospondyl limbs, exemplified by the scarcity of 
described Brachyopoidea femora (only three worldwide), 
poses challenges to comparing specimen WMNM P97790 
to other Stereospondyli. Nevertheless, the simplified limb 
bone morphology (compared to terrestrial archosaurs and 
synapsids) observed in Stereospondyli results from their 
adaptation to an aquatic lifestyle and aligns well with the 
characteristics exhibited by WMNM P97790. The femur 
of Mastodonsaurus giganteus reveals an elongated straight 
shaft with broadened proximal and distal ends, the latter 
being more expanded. In the dorsal view, the femur exhibits 
axial symmetry, convexity, and relative smoothness, except 
for the distal triangular fossa tendinalis. Conversely, the 
ventral aspect is concave, hosting a fossa poplitea and an 
asymmetrical adductor crest. These features demarcate ar-
ticulation regions for the fibula and tibia in Mastodonsaurus, 
akin to those observed in WMNM P97790. Despite simi-
larities, distinctions emerge in the dorsoventrally flattened 
articulation areas of M. giganteus compared to WMNM 
P97790. Notably, the adductor crest in M. giganteus origi-
nates from the distal posterior fibular articulation extending 
to the proximal central internal trochanter, while in WMNM 
P97790, it arises from the anterior tibial articulation extend-
ing to the anterior internal trochanter. The overall morpho-
logical resemblance between M. giganteus and WMNM 
P97790 suggests a probable affinity with Capitosauroidea. 

Additionally, the preliminary study of the histology re-
veals similarities with the small femur WMNM P97553 and 
the cf. Cyclotosaurus sp. humerus WMNM P64371 (see 
above and Discussion). However, due to the rudimentary 
knowledge about histological variability among capitosaur 
(Konietzko-Meier et al. 2019; Teschner et al. 2023) and 

very scanty morphological data for cyclotosaur postcrania 
(Sulej and Majer 2005), it is not possible to confirm the 
Cyclotosaurus affinity of the femur, and it is thus assigned 
to Capitosauroidea indet. A dedicated study of the morphol-
ogy and histology of WMNM P97790 is the subject of a 
forthcoming paper by one of the authors (LG).

Plagiosauridae Abel, 1919
Plagiosaurinae Shishkin, 1986
Plagiosaurinae indet.
Figs. 17, 18.

Material.—WMNM P97470, an almost complete right pa-
rietal; WMNM P97554, a partial right lateral process of an 
interclavicles; both from clay pit #III of the August Lücking 
GmbH & Co. KG, northwest of the village of Bonenburg, 
North Rhine-Westphalia, Germany; Bone Bed 2a, Contorta 
Beds of the Exter Formation, Rhaetian, Triassic.
Description.—WMNM P97470 (Fig. 17; SOM 1: fig. 10): 
an almost complete right parietal. The specimen is dorso-
ventrally flattened and is relatively narrow in the anterior 
region, while it is mediolaterally enlarged in the central and 
posterior regions. The bone is slightly thicker on the medial 
edge, corresponding to the margin of the pineal foramen 
(Fig. 17A1). The anterolateral margin of the parietal is con-
cave and does not show any signs of damage, indicating that 
it is a natural anatomical edge, probably the border of the 
orbit. The other edges of the bone are all fracture surfaces. 
While the visceral surface of the bone is smooth, the exter-
nal one is ornamented. The ornamentation is characterized 
by pustules arranged in radial lines from the center of the 
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Fig. 17. Plagiosaurinae indet. from the late middle Rhaetian Bone Bed 2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, Germany. 
WMNM P97470, right parietal in dorsal (A1) and ventral (A2) views.
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bone. In some areas, pustules are fused together, forming 
thin radial ridges.

WMNM P97554 (Fig. 18; SOM 1: fig. 11): a portion of the 
right lateral process of the interclavicle, as it is partially or-
namented and partially covered with faint striations on the 
ventral side (Fig. 18A1; SOM 1: fig. 11). On the dorsal side it 
also shows the thickened ridge (Gee and Sidor 2022) typical 
of the lateral processes (Fig. 18A2).
Remarks.—The type of ornamentation seen in WMNM 
P97470, with pustules sometimes arranged in thin radial 
ridges, is characteristic of most plagiosaurids. More spe-
cifically, the ornamentation of WMNM P97470 is very 
similar to that of Plagiosaurinae, since it does not show 
polygonal pits and anastomosing ridges, which is the case 
for Plagiosterninae (Jaekel 1914; Hellrung 2003; Jenkins et 
al. 2008). Given this similarity of the ornamentation with 
Plagiosaurinae (Shishkin 1986), the specimen is assigned to 
this group. Since the specimen shows a natural edge in the 
anterolateral region (Fig. 17), the parietal contributed to the 
border of the orbit. In their redescription of Plagiosaurus 
depressus Jaekel, 1914, Witzmann and Schoch (2024) rec-
ognized that the postfrontal was independently lost in this 
plagiosaurine, enabling the parietal to contribute to the or-
bital margin. On the contrary, in the other known plagiosau-
rine, Gerrothorax pulcherrimus (Fraas, 1913), the parietal 
is excluded from the orbital margin due to the presence 
of the postfrontal (Hellrung 2003; Schoch and Witzmann 
2012). Therefore, WMNM P97470 might be a parietal of 
Plagiosaurus depressus or a form more closely related to it 
than to Gerrothorax, but we prefer to be cautious and assign 
it only to Plagiosaurinae indet. due to the absence of other 
diagnostic fossils.

The ornamentation seen in WMNM P97554, with pus-
tules arranged in radial ridges or scattered randomly, cor-
responds to Plagiosaurinae and differs from the one of 
Plagiosterninae, in which pustules are only present at the 
junctions of ridges bordering polygonal pits (Shishkin 1973, 
1987; see also Witzmann et al. 2010; Schoch et al. 2014). 
Given the fact that the interclavicle fragment lacks further 
diagnostic characters, it is assigned to Plagiosaurinae indet.

Discussion
The variability of capitosauroid dermal ornamentation 
in Bonenburg.—From a morphological perspective, bone 
ornamentation represented the most important character for 
identifying the dermal bones herein described. First of all, 
it allows easy distinction of the fossils of Stereospondyli 
Zittel, 1888, from those of all the other tetrapod taxa that can 
be found in Bonenburg, like ichthyosaurs, plesiosaurs, and 
Pachystropheus, as they do not show any dermal ornamen-
tation (Sander et al. 2016; Wintrich et al. 2017). Secondly, 
bone ornamentation permits recognition of some of the fos-
sils as Plagiosaurinae Shishkin, 1986 (WMNM P97470 and 
WMNM P97554, a parietal and a fragment of an interclavi-
cle, respectively) among the other remains of Stereospondyli, 
thanks to their unique “pustular” ornamentation composed 
of isolated bony pustules which may be arranged in radiat-
ing lines. All the other ornamented bones were attributed to 
Capitosauroidea Säve-Söderbergh, 1935. Two of these fossils, 
the pterygoid (WMNM P97556) and the dentary (WMNM 
P97559), present a weakly developed ornamentation, hence 
they were assigned to Capitosauroidea based on other mor-
phological characters (for the pterygoid, the simple presence 
of the ornamentation, rather than its type, was considered 
diagnostic; Schoch 2008). The remaining dermal bones of 
Capitosauroidea all showed the so-called “honeycomb” or-
namentation, characterized by polygonal cells enclosed by 
prominent ridges that form a reticular pattern (Rinehart and 
Lucas 2013). Even though the ornamentation of all these 
specimens can be defined as “honeycomb-type”, two dis-
tinct morphological subgroups can be identified: one with 
smoother and more closely spaced ridges and shallower pits, 
and the other with more widely spaced, thicker and sharper 
ridges, with deeper pits and valleys in between. The angular 
(WMNM P97557, Fig. 7) and the clavicle (WMNM P97791, 
Fig. 8) belong to the first morphotype, while the fragment of 
interclavicle (WMNM P98583, Fig. 10) and the unidentified 
dermal bone (WMNM P97555, Fig. 11) belong to the second 
morphotype. These two morphotypes show evident differ-
ences, which suggest the presence of two separate taxa of 
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Fig. 18. Plagiosaurinae indet. from the late middle Rhaetian Bone Bed 2a, Contorta Beds, Exter Formation, Bonenburg, North Rhine-Westphalia, Germany. 
WMNM P97554, interclavicle in ventral (A1) and dorsal (A2) views.
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Capitosauroidea in Bonenburg, each of them with its specific 
type of “honeycomb” ornamentation. However, despite al-
ways being mentioned as an important trait of dermal bones, 
the ornamentation is generally not considered a diagnostic 
character within Capitosauroidea (Schoch 2008). Witzmann 
et al. (2010) tested the phylogenetic potential of the ornamen-
tation or dermal sculpture, stating that it is helpful in distin-
guishing the main temnospondyl lineages, but it appears to 
be insufficient for a more precise diagnosis. Antczak and 
Bodzioch (2018) used a quantitative approach as well to the 
study of ornamentation, but only applied it to observe intra-
specific variation in Metoposaurus krasiejowensis. However, 
Antczak and Bodzioch (2018) noticed that the Cyclotosaurus 
honey-comb cells have a statistically larger diameter when 
compared to metoposaurs. Consequently, the subdivision of 
the capitosauroid fossils of Bonenburg into two subgroups 
is highly probable, but not confirmed. Furthermore, this di-
chotomous separation based on ornamentation cannot be 
extended to the other capitosauroid fossils described herein, 
either because they are not ornamented (since they are not 
dermal bones, like the two femora WMNM P97790 and 
WMNM P97553 and the humerus WMNM P64371), or 
because their ornamentation is limited (like the pterygoid 
WMNM P97556 and the dentary WMNM P97559). As an 
attempt to provide more evidence that involved all the capi-
tosauroid specimens, we decided to use bone histology with 
a diagnostic purpose.

Histology to support the morphological diagnosis.—Bone 
histology is a useful tool for identifying a fossil lacking or-
namentation as a stereospondyl. This is especially true for 
the long bones, which may show morphological resemblance 
to some terrestrial reptiles. The histology of Stereospondyli 
bones, however, is clearly different from the rest of the fauna 
of Bonenburg (Konietzko-Meier et al. 2019), allowing as-
signment to this clade. The long bone microstructure of ich-
thyosaurs varies from very loose spongy organization with 
a thin cortex to a more compact spongiosa with very small 
vascular cavities, which are located circumferentially in the 
cortex and are distributed randomly in the center (Houssaye 
et al. 2014). Generally, ichthyosaurs lack an open medullary 
cavity, and the center of the bone is completely filled with 
cancellous bone (Lopuchowycz and Massare 2002). The long 
bones of temnospondyls have larger vascular cavities than 
ichthyosaurs, and these cavities are arranged in a layered, 
circumferential arrangement, unlike ichthyosaurs, in which 
the trabeculae are all of similar size (Konietzko-Meier et al. 
2019). Another difference is that in ichthyosaurs, the primary 
trabeculae are in part constituted by woven-fibered bone ma-
trix, whereas this is absent in the Bonenburg stereospondyls 
(Konietzko-Meier et al. 2019).

Plesiosaur histology has been extensively studied in the 
past (Kiprijanoff 1881; Wiffen et al., 1995; Fostowicz-Frelik 
and Gaździcki 2001; Salgado et al. 2007; Liebe and Hurum 
2012; Wintrich et al. 2017; see Sander and Wintrich 2021 for 
a review). The histology of plesiosaur primary bone tissue 

cannot be mixed up with any taxon of temnospondyls be-
cause of the dominance of radial fibrolamellar bone (Sander 
and Wintrich 2021). Moreover, in plesiosaurs, growth marks 
manifest a sudden directional change of the radial canals 
(Sander and Wintrich 2021), while in the temnospondyls 
of Bonenburg there are annuli and lines of arrested growth 
(LAGs) (Konietzko-Meier et al. 2019).

Concerning the differences within Temospondyli, the 
microanatomy of the clavicle fragment WMNM P97791 
is inconsistent with that of metoposaurids (Fig. 9) because 
of the greater compactness of their dermal bone, which is 
always above 50% (Kalita et al. 2022). The bone histology 
of clavicle WMNM P97791 shows similarities with that of 
Cyclotosaurus intermedius (Kalita et al. 2022). The inner 
cortex is very similar in both samples, being highly vascu-
larized and showing distinctive zones and annuli (Fig. 9A8; 
Kalita et al. 2022: fig. 4b). However, the transition between 
the inner cortex and the center region is gradual in spec-
imen WMNM P97791 and abrupt in C. intermedius. In 
the Bonenburg specimen, the center region still preserves 
some patches of primary bone among the secondary bone, 
and the resorption cavities, even though they are larger 
than in the inner cortex, are still relatively small (Fig. 9A6, 
A7). On the other hand, the center region of C. interme-
dius only shows secondary bone, and the resorption cavities 
are distinctly larger. Finally, whereas the external cortex of 
WMNM P97791 is almost avascular, the one of C. interme-
dius is highly vascularized (Fig. 9A2, A3; Kalita et al. 2022: 
fig.  4b). However, the potential of histological features of 
dermal bones for taxonomic studies is poorly explored. Only 
Witzmann (2009) raised this question and noted variations 
in the compactness of dermal bones in different non-amni-
ote taxa. Gruntmejer et al. (2016) and Kalita et al. (2022) 
suggested that temnospondyl dermal bone structure may be 
sensitive to mechanical stress and ontogenetic stage.

The microanatomy of dermal bone indet. WMNM 
P97555 (Fig. 12) differs from clavicle WMNM P97791. In 
WMNM P97555, the ridges forming the ornamentation are 
more vascularized, and avascular tissue only forms the ex-
ternal-most portion of each ridge (Fig. 12A2, A3). Also, the 
primary tissue of the ridges shows interwoven structural 
fibers. Furthermore, the erosion cavities in the center region 
are not arranged in any order, and their size is highly variable 
(Fig. 12A4, A5). These observations suggest that dermal bone 
indet. WMNM P97555 belongs to a different taxon than the 
clavicle WMNM P97791 and the angular WMNM P97557.

The bone histology of WMNM P97553, the proximal 
portion of the right femur, was compared with the humerus 
WMNM P64371 (Konietzko-Meier et al. 2019) and the 
larger femur WMNM P97790. These bones all share some 
common histological features, such as a highly vascularized 
cortex with parallel-fibred matrix (Figs. 5, 14, and 16). The 
cortex in all specimens is formed by lamellar-zonal bone 
with well expresed zones and annuli terminated by LAGs 
(Figs. 14A2, A3 and 16A4, A5). Also, the size of erosion cavi-
ties decreases from the medullary region towards the cortex. 
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All these similarities suggest that all three bones may be-
long to the same taxon. However, the thickness and the com-
position of the cortex in the two femora is different: while in 
the femur WMNM P97790, the cortex is relatively thin and 
already shows signs of secondary remodeling (Fig. 16A1), 
the cortex in WMNM P97553 is thicker in relation to the 
diameter of the bone and almost exclusively composed of 
primary tissue (Fig. 14A4, A5). The explanation of this im-
portant difference might be that the two femora represent 
different histological ontogenetic stages (HOS) of the same 
taxon, with the smaller femur being a younger individual, 
still actively growing, and the larger femur being an older 
one, approaching maximum size. This approach is similar 
to the HOS concept described by Klein and Sander (2008) 
for sauropods as well as Sander and Wintrich (2021) for ple-
siosaurs. The gradual change of the histological characters 
with the preservation of the main histological framework 
also applies to Metoposaurus krasiejowensis intercentra 
(Konietzko-Meier et al. 2012).

It is questionable whether the humerus belongs to the 
same taxon as the two femora. Histologically, some of the 
similarities of the femora are shared with the humerus 
WMNM P64371 (Fig. 5) (see also Konietzko-Meier et al. 
2019): large erosion cavities in the medullary region, pro-
gressively decreasing in size towards the external region and 
a cortex formed by lamellar-zonal bone with highly orga-
nized annuli and zones. Well expressed growth marks with 
thin annuli and comparable thicker zones seem to be a typ-
ical feature of Cyclotosaurus in contrast to Metoposaurus 
(Teschner et al. 2023), which additionally confirms the tax-
onomic assignment of the Bonenburg humerus. However, 
this humerus is only half of the length of the large femur 
but shows the same or an only slightly younger histological 
ontogenetic stage. Both bones are highly remodelled, and a 
distinct decrease of growth rate is present. However, among 
stereospondyls, the length difference between fore- and 
hind limbs is never as great as between the humerus and 
the large femur; usually humerus and femur are of similar 
length (Dutuit 1976). This makes it rather improbable that 
the humerus and the large femur belong to the same indi-
vidual. On the other hand, the small femur, which seems to 
fit better with the size of the humerus, is distinctly ontoge-
netically younger.

In general, humerus and femur histology are not en-
tirely comparable in Temnospondyli, however, because 
they differ in the expression of growth marks (Konietzko-
Meier and Sander 2013; Konietzko-Meier and Klein 2013; 
Teschner et al. 2018). This is because in the region of the 
adductor crest, the erosion cavities and the vascular canals 
are differently oriented from the rest of the medullary re-
gion. Also, the cortex in the adductor crest has a different 
thickness from the rest of the bone (Teschner et al. 2018, 
2023). Another reason why it is difficult to draw conclu-
sions based on the histology, but also on the morphology, 
is that no femur of Cyclotosaurus has been described yet, 
neither morphologically, nor histologically. This impedes 

any sort of comparison with the only stereospondyl taxon 
that was definitely present in Bonenburg (Konietzko-Meier 
et al. 2019).

The presence of Plagiosaurinae in Bonenburg.—The 
attribution of the parietal (WMNM P97470) and the in-
terclavicle (WMNM P97554) to Plagiosaurinae Shishkin, 
1986, is strongly supported by the unique type of orna-
mentation they display (Shishkin 1973, 1987; Witzmann et 
al. 2010; Schoch et al. 2014). However, the parietal shows 
some peculiar morphological traits that make it an import-
ant specimen in this collection. The clade Plagiosaurinae 
consists of only two genera, Gerrothorax and Plagiosaurus 
(Witzmann and Schoch 2024). Although similar in mor-
phology to that of Gerrothorax, the parietal WMNM 
P97470 has a natural anterolateral margin, representing part 
of the margin of the orbit (Fig. 17A2). This differentiates it 
from Gerrothorax, where the parietal does not contribute 
to the orbit due to the presence of the postfrontal (Hellrung 
2003; Schoch et al. 2014). The loss of the postfrontal has 
been considered a diagnostic character that evolved inde-
pendently in both Plagiosuchinae and Plagiosterninae, but 
not in Plagiosaurinae (Schoch et al. 2014). The other Late 
Triassic plagiosaurine taxon is Plagiosaurus depressus 
Jaekel, 1914, of which only the posterior part of the skull, 
fragments of the lower jaw and parts of the pectoral girdle, 
humerus and axial skeleton are known (Jaekel 1914; Nilsson 
1937; Hellrung 2003; Witzmann and Schoch 2024). Jaekel 
(1914) and Nilsson (1937) reconstructed a large postfrontal 
and a small parietal. Hellrung (2003: 107) disagreed with 
this view and interpreted the postfrontal as a parietal and 
a small bone fragment anterior to it as a remnant of a very 
short postfrontal. Witzmann and Schoch (2024) agreed with 
the interpretation of Hellrung (2003) but suggested that the 
small fragment is actually part of the parietal. The boundary 
between the supposed postfrontal and the parietal appears 
to be a crack rather than a suture. Nilsson’s photo (Nilsson 
1937: pl. 5) lacks this crack, suggesting that it occurred 
later. These considerations, plus the pronounced pustular 
and radial sculpture, suggest that the Bonenburg parietal 
might belong to a new taxon closely related to Plagiosaurus 
depressus or to P. depressus itself. However, because of the 
fragmentary nature of this fossil, we opt for a more cautious 
assignment attribution to Plagiosaurinae indet.

Extinction of non-brachyopoid stereospondyls and the 
end-Triassic extinction event.—The original hypothesis 
about the extinction of stereospondyls was that they dis-
appeared at the very end of the Triassic, killed off by the 
end-Triassic mass extinction event (Colbert 1958). This hy-
pothesis was later challenged by Milner (1993), Tanner et 
al. (2004), and Lucas (2017). These authors noted that ste-
reospondyls gradually disappeared before the mass extinc-
tion, which Lucas and Tanner (2004: 31) considered “a myth” 
in its suddenness and severity. In his latest review, Lucas 
(2017) affirmed that “capitosaurid records are no younger 
than Revueltian, and metoposaurids and plagiosaurids have 
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records that end in the Apachean”. If the correlation between 
the “Land Vertebrate Faunachrons” and the International 
Chronostratigraphic Chart is correct, equating the Revueltian 
with the Norian and the Apachean with the end of the Norian 
and the Rhaetian (but see Rayfield et al. 2009 for a crit-
icism on the matter), capitosaurs thus went extinct before 
the Rhaetian and the only Rhaetian non-brachyopoid stereo-
spondyls were metoposaurs and plagiosaurs (Lucas 2017). 
However, the description of the cf. Cyclotosaurus humerus 
WMNM P64371, Konietzko-Meier et al. (2019) demonstrated 
that at least capitosaurs survived to the Rhaetian. The pres-
ence of capitosaurs in Bonenburg is further confirmed by 
the fossils described in this work, which also makes it appear 
possible that more than one capitosaur taxon is preserved 
in this locality. Furthermore, the occurrence of plagiosau-
rids, only hinted at in Konietzko-Meier et al. (2019), is con-
firmed by the discovery of parietal WMNM P97470 and 
interclavicle WMNM P97554. This plagiosaurid material be-
longs to the subfamily Plagiosaurinae, as do Gerrothorax and 
Plagiosaurus, the geologically youngest known plagiosaurids 
(Jaekel 1914; Nilsson 1946; Buffetaut and Wouters 1986). 
However, none of these occurrences can be dated as precisely 
as Bonenburg, and two of the three occurrences (those of 
Plagiosaurus) cannot even be shown to be Rhaetian with 
certainty (see also Witzmann and Schoch 2024, Sander and 
Wellnitz 2024). On a last note, if the parietal WMNM P97470 
actually pertains to Plagiosaurus, it would represent the first 
find of this genus outside of Halbertstadt.

The environment and the provenance of the Stereospon
dyli of Bonenburg.—While the presence of Stereospondyli 
in the Rhaetian of Europe is now confirmed, the environ-
ments in which they lived remains an open question. The 
bone beds of Bonenburg were deposited in an open marine 
environment in the CEB (Sander et al. 2016; Schobben et 
al. 2019; Gravendyck et al. 2020), which is recorded by 
abundant Chondrichthyes, Osteichthyes, plesiosaurs, and 
ichthyosaurs. Terrestrial or freshwater taxa, including ste-
reospondyls, are allochthonous. Salinity in the CEB has 
been demonstrated to be lower than the one of the open 
sea, with a shift towards extensively brackish conditions 
in the eastern area of the basin due to the influx of fluvial 
water from the Fennoscandian and Bohemian highs (Fischer 
et al. 2012). However, although some tolerance to salinity 
has been hypothesised for stereospondyls (Marzola et al. 
2017 for capitosauroids; Witzmann and Soler-Gijon 2010; 
Hellrung 2003; Sanchez and Schoch 2013; Schoch et al. 
2022 for plagiosaurids; Pawlak et al. 2022; Czepiński et al. 
2023 for both, whereas some trematosaurs where clearly 
marine, e.g., Lindemann 1991), it is unlikely that they were 
permanently inhabiting saltwater and brackish environ-
ments. Their remains must have been transported from a 
freshwater habitat located on the land masses surrounding 
the CEB, as is the case for several other faunal elements 
from the Contorta Beds of Bonenburg (Sander et al. 2016; 
Sander and Wellnitz 2024). These landmasses probably are 

the Fennoscandian and Bohemian highs, which provided the 
freshwater and the debris material that formed the vast del-
taic plains in the CEB (Bachmann et al. 2008; Fischer et al. 
2012; Gravendyck et al. 2020). In particular, a deltaic system 
was present in the area around Bebenhausen, near Tübingen 
(Aepler 1974). These deltas were the result of a stillstand, a 
break in the rise of the sea level (transgression) that charac-
terized the Late Triassic in the CEB. From these deposits 
has been recovered a dermal bone fragment of a capito-
sauroid housed at the Staatliches Museum für Naturkunde, 
Stuttgart, labelled as “Mastodonsaurus sp.” (SMNS 91479, 
AP personal observation; SOM 1: fig. 12). While the attri-
bution to Mastodonsaurus sp. is far from being confirmed, 
the fossil shows the same type of ornamentation as the in-
terclavicular fragment (WMNM P98583) and the unidenti-
fied dermal bone (WMNM P97555) found in Bonenburg, 
suggesting that the same taxon was present also here. Beside 
this, fossils of cynodonts (Clemens and Martin 2014) have 
also been found in these deposits, which also represent part 
of the continental faunal input at Bonenburg (Schwermann 
2016). However, the dating of these bone beds is imprecise 
due to time averaging of the deposition, but nevertheless the 
majority of vertebrates found are of Rhaetian age (Aepler 
1974; Clemens and Martin 2014). The same type of fauna 
has been found in other localities from the former CEB or 
from Greenland that have a similar age as Bonenburg (the 
Höganäs Formation, Saint-Nicolas-de-Port and the Fleming 
Fjord Formation, see Introduction). The issue with these 
findings is their problematic dating, contrarily to Bonenburg 
(Schobben et al. 2019; Gravendyck et al. 2020), or their frag-
mentary status, but their existence supports the concept that 
the extinction of non-brachyopoid stereospondyls, at least 
in Europe, did not occur until the end of the Triassic. In 
other localities, especially in North America, it seems like 
the stereospondyl fauna disappeared before the Rhaetian 
(Lucas 2017). This might be due to a regional biological 
and environmental cause or due to a dating bias in the fossil 
record. Moreno et al. (2024) studied the changes in biogeo-
graphic distribution of different stereospondyl clades from 
the Anisian to the Carnian, showing how habitat suitability 
varied during this time across Pangea. Extending this type 
of study to the Rhaetian might shed light on the habitat suit-
ability of North America and the CEB at the time, possibly 
explaining the differences between the two faunas. This, 
and further research about the CEB sites mentioned above, 
will enlighten the true story behind the extinction of the 
non-brachyopoid Stereospondyli.

Another important point regarding temnospondyl extinc-
tion during the ETEE is the absence of brachyopoids from 
the entire European fossil record. Brachyopoids are the only 
group of stereospondyls to survive the ETEE and lived on 
until the Late Jurassic in Asia (Shishkin 1991; Averianov et 
al. 2008), Africa (Steyer and Damiani 2005) and in Australia 
until the Early Cretaceous (Warren et al. 1997; Vickers-Rich 
1996; Steyer and Damiani 2005). Late Triassic records of 
the group exist also from Argentina and India (Marsicano 
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1993, 1999; Sengupta 1995), but there is no record of them 
in Europe. This absence is peculiar since Europe at that time 
was located between Eurasia and Gondwana, both represent-
ing territories populated by brachyopoids, and brachyopoids 
should have crossed Europe during their dispersal. One 
possibility is that brachyopoids did occur in the European 
Rhaetian but were not recognized as such. Some of the spec-
imens herein described and assigned to Capitosauroidea sp. 
(i.e., the interclavicle WMNM P98583, the dermal bone indet. 
WMNM P97555, and the two femora (WMNM P97790 and 
WMNM P97553)) could actually pertain to Brachyopoidea, 
but their incomplete state of preservation and the scarcity of 
comparative material currently makes testing of this hypoth-
esis difficult.

Conclusions
The stereospondyl remains described here are from the 
Rhaetian Contorta Beds of Bonenburg, North Rhine-West
phalia, Germany. The importance of these finds lies in their 
stratigraphic age, since no other stereospondyls have ever 
been found in sediments unambiguously dated as Rhaetian, 
in this case based on palynostratigraphy, biostratigraphy, 
and carbon isotopes (Sander et al. 2016; Schobben et al. 2019; 
Gravendyck et al. 2020). This contradicts the notion that 
all Stereospondyli, with the exception of Brachyopoidea, 
gradually became extinct during the Triassic, before the 
Rhaetian. The fossils pertain to two stereospondyl groups, 
the Capitosauroidea and the Plagiosaurinae. While one cap-
itosauroid from Bonenburg had already been described pre-
viously as cf. Cyclotosaurus sp. (Konietzko-Meier et al. 
2019), the fossils of Plagiosaurinae are the first reports from 
this locality. For both taxa, these fossils represent the strati-
graphically youngest occurrences in the fossil record. The 
identification of the specimens is mainly based on mor-
phological features, such as the type of ornamentation for 
dermal bones. Nevertheless, when morphology was not suf-
ficient, specimens were sectioned to observe their histology 
and microanatomy to corroborate the assignment. Variation 
in bone surface ornamentation and microanatomy of the 
capitosauroid specimens from Bonenburg suggests the pres-
ence of two species of this group, one with smooth ridges 
and shallow pits, and the other with thick and pointy ridges 
and deep pits. However, dermal bone sculpture and micro-
anatomy are not considered diagnostic, therefore the pres-
ence of two species of capitosauroid in Bonenburg is prob-
able, but not confirmed. The new fossils help to shed light 
on the extinction of non-brachyopoid stereospondyls, which 
probably perished in the end-Triassic mass extinction event 
rather than gradually dying out through the Late Triassic. 
Other European localities, slightly older than Bonenburg, 
bear fossils of a fauna similar to the one described here, 
which means that at least in the Central European Basin, 
stereospondyls were fairly abundant and diverse in the Late 
Triassic.
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