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Abstract 

Choristodera, a lineage of basal archosauromorphs (Reptilia: Diapsida), first appeared in 

Early/Middle Jurassic (possibly Late Triassic; approximately 201 million years ago) and 

extended all the way into early Miocene (approximately 23 million years ago). Choristoderans 

are the only group of more basal archosauromorphs that survived after the Jurassic period, 

along with Archosauriformes (a more derived group of Archosauromorphs). The time of 

origin of the lineage is still speculative and preceded with long ghost lineages, a timespan 

when the animals were known to be alive, but are not represented in the fossil record. 

Unresolved phylogenetic position and inter-relationships, along with limited information 

about such an important group of early semi-aquatic reptiles, set choristodera in the focus of 

tetrapod evolution. In order to add information to gaps in the fossil records during the long 

temporal range of the group, new discoveries and descriptions of early choristoderan taxa are 

needed. Here, a description of long bones of a choristodere-like animal from the Late Triassic 

of Poland is presented adding information to the basal archosauromorpha and possibly 

shifting back the time of choristodera origin. Furthermore, bone histology analysis was 

conducted for the first time for choristodera, adding new information to the group. The other 

description of postcranial material of a possible early choristodere from Storrs et al. (1996) 

sets the origin of the group to Latest Triassic (Rhaetian, approximately 201 Mya). Description 

of newly discovered fossil material along with the histology sections of such an important 

group of tetrapods that are choristoders is of great significance, not only for the Triassic 

tetrapod communities, but for tetrapod evolution, development, ecology and life history in 

general. 
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Introduction 

 

Archosauromorpha, next to Lepidosauromorpha is one of the two main branches of Diapsida 

(reptiles with two temporal openings in the skull) (Benton 1984a). Crocodiles and birds are 

extant representatives of Archosauromorpha, and lizards, snakes, amphisbaenians and 

Sphenodon are living representatives of Lepidosauromorpha (Figure 1) (Benton 1985). 

Archosauromorpha sensu Benton 1999 is a group defined as the most recent common 

ancestor of Neornithes (extant birds), Crocodilians (crocodiles and alligators), and all of the 

descendants of this common ancestor (including non-avian dinosaurs and Pseudoscuhians). 

The clade comprises Trilophosauridae, Rhynchosauria, Prolacertiformes, and 

Archosauriformes, as well as possibly thalattosaurs, choristoderans, and drepanosaurids 

(Figure 2) (Benton 1985, 2004; Benton and Clark 1988; Dilkes 1997).  

. 

Figure 1: Simplified cladogram of the major groups of tetrapods, the land-living vertebrates 

(modified from Brusatte et al. 2010).  
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Most of the groups comprising Archosauromorpha originated in Late Permian or Early 

Triassic, possibly in the time following the end-Permian mass extinction (approximately 252 

million years (Myr) ago, the biggest of the ‘Big Five’ Phanerozoic mass extinctions). Triassic 

was a key episode in the evolution of Tetrapods (Tucker and Benton 1982). Unlike 

Archosauria, the more basal groups of Archosauromorpha (Trilophosauridae, Rhynchosauria, 

and Prolacertiformes) did not extend into Jurassic. However, the enigmatic group 

Choristodera continued until early Miocene (approximately 23 Myr ago). The Triassic Period 

(approximately 251-200 Myr ago) represents a time of big faunal changes from therapsid 

communities (synapsids) at the start to archosaurs dominated communities at the end. Triassic 

archosaurs are known from all continents (Benton 1982). 

 

Figure 2: Cladogram of potential relationships of selected Permo-Triassic reptile taxa 

(Archosauromorpha) (modified from Storrs and Gower 1993). 
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Choristodera 

 

Choristodera (Cope 1876) is a lineage of enigmatic semi-aquatic diapsid reptiles, with 

a fossil record from the Middle Jurassic (Evans 1990), or ambiguously the Late Triassic 

(Storrs and Gower 1993; Storrs et al. 1996), to the early Miocene (Evans and Klembara 2005; 

Ji et al. 2010). Choristoders had a long temporal range spanning almost 200 million years and 

a wide geographical distribution across Laurasia. They were the only major group of 

Mesozoic reptiles that survived the Cretaceous-Triassic transition and occupied a number of 

different ecomorphotypes convergent with amphibious lizards, short-snouted crocodiles, 

gavials, and even sauropterygians (Gao et al. 2000). The Choristodera is still a poorly 

understood group comprising about a dozen genera (Ksepka et al. 2005). They cover a wide 

range of morphologies such as the small, semi-aquatic, lizard-like Lazarussuchus, 

Cteniogenys, and Monjuroschus; the 2-m long Pachystropheus (considered a sister taxa to 

Choristodera by Evans and Manabe, 1999); the small, long-necked aquatic forms Shokawa 

and Hyphalosaurus; the gharial-like Champsosauridae; and the crocodile-like 

Simoedosauridae (Simoedosaurus, Ikechosaurus, Tchoiria, and ?Khurendukhosaurus) 

(Ksepka et al. 2005). Choristoders are thus remarkable in having independently evolved a 

variety of ecomorphotypes that overlap those of other aquatic groups from amphibious 

lizards, through crocodiles and gavials, to sauropterygians (nothosaurs) (Kequin et al. 2000). 

As such, they have the potential to provide important insights into mechanisms of ecological 

adaptation in the evolutionary history of vertebrates (Kequin et al. 2000). 

 

Phylogenetic position and relationships within the Choristodera are still uncertain and 

a topic of debate. The clade has even been excluded from Lepidosauromorpha, but support for 

that was rather weak (Dilkes 1998). Opposing views have placed this clade either at a more 
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basal position within Diapsida possibly as a sister-taxon with Neodiapsida (Younginiformes + 

Lepidosauromorpha) (Gao and Fox 2005) or far from Eosuchia, and even outside the 

Neodiapsida (Younginiformes + Lepidosauromorpha) (Gao and Fox 1998). Choristoders are 

said to share no convincing synapomorphies with either Lepidosauromorpha or 

Archosauromorpha (Gao and Fox 2005). The poor phylogenetic resolution is a reflection of 

significant gaps in the fossil record of choristoders (Ksepka et al. 2005); however there are a 

number of long ghost lineages all throughout the Triassic and the Early Jurassic taxa (Figure 

3). Since choristoders do not appear to be closely related to any groups that existed after 

the Triassic period, this implies a long ghost lineage (a timespan when the animals were 

known to be alive, but are not represented in the fossil record) of at least 150 million years 

(Dilkes et al. 1998). First appearance of Pachystropheus (a possible Choristodere from 

Rhaetian of England; Storrs and Gower 1993; Storrs et al. 1996) is from the Triassic of 

Europe, implying that choristoders might have appeared first as large-bodied animals, but are 

absent in subsequent assemblages until the Barremian, when a diverse assemblage appears in 

Asia (Ksepka et al. 2005). Pachystropheus has been reinterpreted as a primitive choristodere, 

and although cladistic analysis indicates that Pachystropheus may share a sister group 

relationship with the two long-necked genera, near complete lack of cranial material makes 

this relationship tentative at best (Evans and Manabe 1999), and new material is needed to 

resolve the basal taxonomy of the Choristodera (Ksepka et al. 2005). 

 

Basal archosauromorpha 

 

Trilophosaurids (Case 1928) are unusual Late Triassic herbivores with no 

infratemporal openings on the heavily built scull, with broad flattened teeth that were used for 

shearing trough tough plant food (Benton 1990; 2000). Even thought they have a skull pattern 
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which is superficially ‘eurapsid’, on the basis of numerous other characters and conclusions 

that the lower temporal opening closed secondarily, there is no doubt they are 

archosauromorphs (Benton 2000). Trilophosaurus appears to have a considerable amount of 

morphological characters present in extant arboreal species, which suggest it might have been 

arboreal (Spielmann 2005). Together with rhynchosaurs, trilophosaurs supplanted Late 

Triassic procolophonids and died out at the end of the Triassic period (approximately 200 

Myr ago) (Benton 2000; Heckert et al. 2006). 

 

Rhynchosauria (Owen 1842) are a distinctive clade of Triassic herbivores, dominant in 

many Triassic faunas, which had multiple tooth rows and beaklike premaxillary projections 

(Benton 1990). Within the Archosauromorpha, the Rhynchosauria have been placed in three 

positions, either as more derived than Trilophosaurus (Benton 1984b; 1985), as less derived 

than Trilophosaurus (Evans 1988), or as the sister-group of Trilophosaurus alone (Chatterjee 

1986). All three authors agree in pairing Prolacertiformes with Archosauria (Benton 1990). 

The jaws and the skeleton suggest that the rhynchosaurs were specialized for digging up 

tough plants (possibly seed ferns) and for slicing the roots and leaves (Benton 2000). 

 

Prolacertiforms (Camp 1945) are long-necked insectivores and carnivores known from 

the Late-Permian that comprise a group of diverse archosauromorph taxa (Dilkes 1997). The 

group extended until Late Triassic, with many prolacertiforms dying out well before the end 

of the period, about 225 Myr ago (Benton 2000). They had first appeared in Europe in Late 

Permian, represented by Protorosaurus, and radiated in the Middle Triassic (Benton, 2000). 

Most of the Triassic clades probably looked like large lizards (Benton 2000). Prolacertiformes 

are characterized by long necks (sometimes twice the length of the trunk), with many 

specimens found in marine sediments (Benton 2000). The prolacertiforms and archosaurs are 
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sister groups sharing many characters, such as long snout and narrow skull, long nasal bones, 

backwardly curved teeth, and long thin cervical ribs (Benton 2000).  

 

 

Figure 3: Stratigraphical dendrogram of Permo-Triassic reptile taxa with phylogenetic 

relationships of clades and their known temporal ranges. Black bars represent proven ranges 

of taxa; cross-hatched bars represent ranges inferred from minimum times of clade 

divergence. Ar, Archosauria; Er, Erythrosuchidae; Pa, Pachystropheus: Pc, 

Proterochampsidae; PI, Prolacertiformes; Pr, Proterosuchidae; Rh, Rhynchosauria; Tr, 

Trilophosauridae. (modified from Storrs and Gower 1993). 
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Geological age of the Lipie Śląskie-Lisowice locality  

 

Paleobotanical data from the Upper Triassic fluvial sediments at Lisowice (Lipie 

Śląskie clay−pit) in southern Poland (Figure 4) indicate an early Rhaetian (possibly late 

Norian) age for the fauna (around 204 Myr ago) (Dzik et al. 2008; Niedźwiedzki and Sulej 

2008). The strata exposed in the Lipie Śląskie clay−pit (Figure 5) are co-relatable with the 

upper part of the sub-surface Zbąszynek Beds and lower part of the Wielichowo Beds (Late 

Triassic: latest Norian–early Rhaetian) (Niedźwiedzki et al. 2012). These formations continue 

into the Exter Formation of the Upper Keuper in the east German part of the Germanic Basin 

(Niedźwiedzki et al. 2012). Well−preserved vertebrate bones occur in a lenticular body of 

grey mudstone and clay stone in the northern part of the Lipie Śląskie clay−pit, mostly 

covered with calcareous and pyritic crust or preserved within limestone concretions (Dzik et 

al. 2008). The fossil assemblage is dominated by bones a large dicynodont, and also include a 

small dinosauromorph, small archosaurs (pterosaur, poposauroid), a large capitosaur, a small 

plagiosaurid amphibian, dipnoan fish, a hybodont shark, and palaeonisciform fish (Dzik et al. 

2008a, b). The dominant plant species at Lisowice are conifers similar to Hirmeriella 

(Schenk, 1867) or Brachyphyllum (Dzik et al. 2008). The probable gingkoalean pollen, 

liverwort spores and well preserved cuticle fragments of typical Rhaetian seed−fern present at 

Lisowice are known only from other central European sites believed to correspond to late 

Norian and early Rhaetian (Dzik et al. 2008). Taken together, both macrofloral and 

palynological evidence indicates Rhaetian as the age of the Lisowice site (Dzik et al. 2008). 

Also suggestive of Rhaetian age are conchostracans similar to Euestheria brodieana (Jones, 

1862) from the Rhaetian of England and United States (Dzik et al. 2008). The composition of 

the Lisowice fossil assemblage is a curious mixture of advanced elements (gymnosperm flora, 

dinosaurs, and pterosaurs) with forms not expected to occur in latest Triassic strata (giant 
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dicynodonts and capitosaurs) (Dzik et al. 2008). A similar assemblage to that of Lisowice–

Lipie Śląskie is the Wozniki vertebrate assemblage, a new locality bearing vertebrates from 

latest Triassic (latest Norian–early Rhaetian) strata of southern Poland, consisting of 

dicynodonts, shark spines, temnospondyls, phytosaurs, dinosauriformes and a number of 

tetrapod tracks (Sulej et al. 2011). The new vertebrate assemblage from Wozniki shows the 

unique nature of the Silesian faunal assemblages within the Late Triassic Germanic Basin 

(Sulej et al. 2011), while both Lisowice and Wozniki sites demonstrate that large dicynodonts 

were part of the Late Triassic vertebrate assemblage in Central Europe (Sulej et al. 2011). The 

presence of a silesaurid dinosauriform in Krasiejow and Wozniki, dicynodonts in Lisowice 

and Wozniki, and the lack of sauropodomorphs (plateosaurids), which are numerous in the 

western part of the Germanic Basin, suggest environmental differences between west and east 

parts of the basin, which demands further study (Sulej et al. 2011). 

 

 

Figure 4: Lipie Śląskie-Lisowice locality in Sothern Poland and bone bearing localities in 

Southern Poland within the Polish basin in Europe. 
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Figure 5: Stratigraphy and lithology of the Lipie Śląskie-Lisowice locality from Southern 

Poland. 

 

Enigmatic long bones of a possible choristoder collected from the site include three 

femurs, from three individuals possibly in different ontogenetic stages. One of the bones was 

severely crushed and its anatomy will not be described in this manuscript. However, the 

material from this specimen was used for histological analysis, which will be presented later 

in the text. 
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Aims of the current work 

 

In order to add more information to basal archosauromorpha material (possible choristodera 

material) discovered at Lisowice site, description of long bones was conducted along with 

histology sections. The key hypothesis to be tested was: the long bone material is of basal 

archosauromorph origin, and possibly belonging to choristodera. Other questions addressed 

were, does this material extend the known range of the choristoders, while filling in the gaps 

in ghost lineage of the group? Describing new material from a site with discoveries which 

shifted known ranges of vertebrates (dycinodonts) is of importance for adding new data to an 

enigmatic group that is choristodera and possibly creating a better basis for disentangling 

group’s inter-relationships. New information about basal archosauromorph bone histology, 

which has not been conducted within choristodera before, is a reference for future work on 

fossil taxa, within an important avenue of research that is bone histology. 
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Institutional abbreviations 

 

BRSMG, Bristol City Museum and Art gallery; BRSUG, The University of Bristol Geology 

Museum; BYU, Brigham Young University Utah; GIN, Geological Institute of the Mongolian 

Academy of Sciences; SAM, South African Museum, Cape Town, South Africa; NMMNH, 

New Mexico Museum of Natural History and Science; ZPAL, Institute of Paleobiology, 

Polish Academy of Sciences, Warsaw. 

 

 

Anatomical abbreviations used in text and figures 

 

A – anterior; D – distal; DH – distal head; EX – external condyle; FH – femoral head; IC – 

internal condyle; IT – internal trochanter; L – lateral; MR – muscle rugosity; P – posterior; P 

– proximal; V – ventral;  

Muscles: ADDFEM – adductor femoris head; FMTI – femorotibialis internus; FMTE – 

femorotibialis externus; IF - iliofemoralis IFI – iliofemoralis internus;; PIFI – 

puboischiofemoralis internus; PIFE -  puboischiofemoralis externus. 

Bone histology: LAG – line of arrested growth; MC – medullary cavity; PB –periosteal bone. 
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Systematic palaeontology 

 

Class Reptilia Laurenti, 1768 

Subclass Diapsida Osborn, 1903 

Order Choristodera Cope, 1876 

Choristodera indet. 

 

Referred specimens 

 

Specimen one (ZPAL V.33/607, Institute of Paleobiology, Polish Academy of 

Sciences, Warsaw), well preserved, complete left femur, possibly of a subadult early 

choristodere; specimen two (ZPAL V.33/608, Institute of Paleobiology, Polish Academy of 

Sciences, Warsaw), well preserved, complete right femur, possibly of a juvenile individual of 

early choristodere; specimen three (ZPAL V.33/609, Institute of Paleobiology, Polish 

Academy of Sciences, Warsaw), partially preserved femur of possible early choristodere, only 

used for histological thin-sections due to severe crushing. 

 

Type horizon and locality 

 

All specimens were collected from Lipie Śląskie clay−pit at Lisowice village, near the 

town Lubliniec in southern Poland; the age of the Lisowice site is latest Norian to early 

Rhaetian (Dzik et al. 2008).  
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Description: Two femur bones 

 

The left femur (Figure 6-8; ZPAL V.33/607) of a subadult choristodere is 65 mm long 

with expanded ends and very similar in general shape to Pachystropheus rhaeticus femur 

from Rhaetian of England, described by Storrs et al. (1996). It is missing a piece of the central 

part of the shaft, and this part was crushed during digenesis. The shaft is relatively short and 

essentially straight, with the distal part broader than the proximal. The distal head is deformed 

by compaction. On the surface of the anterior part, close to proximal head, muscle attachment 

scars can be seen (Figure 6a). Also, a small round like prominence on the anteriodorsal part of 

the head could be muscle rugosity (R) of the adductor ridge (see Storrs et al. 1996; Fig. 13) or 

attachment site of an iliofemoralis muscle (ILFEM) (Figure 6a) (Reilly and Blob 2003). Deep 

fossae around the head and the internal trochanter have a number of muscle attachment scars, 

possibly the place of attachment of muscle iliofemoralis (IF) and iliofemoralis internus (IFI); 

also puboischiofemoralis internus and externus (PIFI and PIFE) (Figure 8a, b) (Coombs 1979; 

Reilly and Blob 2003). Horizontal scars on the shaft are possibly from the attachments of the 

muscles femorotibialis internus and externus (FMTI and FMTE). On the posterior part of the 

distal head, deep fossae around the condyles have most likely been the attachment sites for 

muscle adductor femoris (ADDFEM) (Coombs 1979; Reilly and Blob 2003). External 

condyles are prominent but weakly defined with no intercondylar fossa on the axial surface of 

the femur (Figure 6b). The head is convex (rounded), triangular in shape and in connection 

with a well developed internal trochanter on the posteroventral side of femur (Figure 6a). The 

internal trochanter is large, triangular and makes up more than 40% (a part of it is missing due 

to the crushing of the shaft) of the whole femur length (Figure 8a). Two well developed 

basins can be seen on the proximal head around the internal trochanter. The length of the head 

is 16 mm and the width 14 mm. Shape and position of the internal trochanter can vary from 
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species to species (Katsura 2007; Storrs et al. 1996). In the ZPAL V.33/607 specimen the 

head and the internal trochanter are confluent with no gap between them. Variation in these 

relationships has attracted attention in other studies of choristodere morphology e.g., Erickson 

1972, 1987; Brinkman and Dong 1993 (Storrs et al. 1996). 

 

Figure 6: a) photo of the left femur ZPAL V.33/607, anterior side; b) photo of the left femur 

ZPAL V.33/607, posterior side. (for abbreviations check Anatomical abbreviations used in 

text and figures section above) 
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Figure 7: a) photo of the left femur ZPAL V.33/607, distal head; b) photo of the left femur 

ZPAL V.33/607, proximal head. 

 

Figure 8: a) photo of the left femur ZPAL V.33/607, lateral side; b) photo of the left femur 

ZPAL V.33/607, medial side. 
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The right femur (Figure 9-11; ZPAL v.33/608) of a probable juvenile individual is 60 

mm long, slender with some horizontal break up damage on the shaft (this part is crashed and 

collapsed). It is very similar in shape to the right femur of juvenile individual of 

Pachystropheus rhaeticus described by Storrs et al. (1996). The shaft is short, straight with 

muscle attachment scars (see above) and the proximal and distal ends similar in width, 

although the distal end is slightly wider (Figure 9b). The condyles are confluent and not 

prominent, and the external condyle is slightly damaged on the tip (Figure 9b). There is no 

intercondylar fossa separating them. All of the proximal part is the massive head, connected 

to a prominent internal trochanter (slightly damaged) (Figure 9b). The internal trochanter 

makes up for almost 40% of the total femur length. Similarly to the ZPAL V.33/608 

specimen, a small round prominence on the anteriodorsal part of the head could be muscle 

rugosity (R) or the adductor ridge (Figure 9a). The proximal head is triangular in shape, 

around 13 mm wide and 13 mm long (Figure 9a). 

  

Figure 9: a) photo of the right femur ZPAL v.33/608, anterior side; b) photo of the right 

femur ZPAL v.33/608, posterior side 
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Figure 10: a) photo of the right femur ZPAL v.33/608, distal head; b) photo of the right 

femur ZPAL v.33/608, proximal head. 

 

Figure 11: a) photo of the right femur ZPAL v.33/608, medial side; b) photo of the right 

femur ZPAL v.33/608, lateral side. 
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Remarks  

 

Three femur bones of three different individuals were found isolated in the quarry, not 

as a part of an accumulation of bones. Bones were of different size and with slight differences 

in the developmental stage of the shaft and condyles, thus I assigned them to a possible 

juvenile and subadult individual. A number of primitive characteristic such as straight robust 

shaft and prominent condyles, along with the age of the locality where the material was 

found, had implications for assigning the material to basal Archosauromorpha. Plesiomorphic 

characters that are not definitive, but nevertheless suggestive, of choristoderan relationships 

are: largely straight femur with robust internal trochanter and poorly ossified articular ends 

(Storrs et al. 1996). One specimen (ZPAL V.33/609) found in situ was severely crushed and 

after preparation was used for histology sections only (see Bone histology section below). The 

other two specimens (ZPAL V.33/607 and ZPAL V.33/608) have crushed parts on the shafts 

and small damages on the tips of the heads. The missing parts were found in situ, but were 

severely damaged. However, the preservation did not have a big influence on the anatomy of 

the bones. Both femur bones are of dark, almost black colour, with small breaks around the 

middle of the shafts and the proximal and distal heads of the juvenile individual’s femur have 

slightly eroded tips. The original shape was reconstructed from the preserved parts since the 

two specimens look very similar in shape. The older individual’s femur has nearly the same 

shape as the femur of the juvenile individual, which implies that the shape does not depend on 

the ontogenetic stage of the animals. The subadult individual has very deep basins around the 

internal trochanter and the proximal head, and their formation can also be seen in the younger 

individual. 

Only long bone material of the choristodere-like animal was found in the Lipie Śląskie 

clay−pit at Lisowice (Poland). However, the quarry is well investigated, with a number of 
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discovered specimens, such as large dycinodonts, archosaur bones, coelophysoid dinosaur, 

pterosaur, large capitosaur, and small plagiosaur bones, as well as dipnoan teeth, hybodont 

shark fin spines, and ganoid skull elements and scales (Dzik et al. 2008), so it is most likely 

that other choristodere material was not preserved due to processes during fossilization. 

Confirmed late Norian/early Rhaetian age of the Lipie Śląskie clay−pit at Lisowice (Poland), 

where the long bone material was discovered implies that this might be the oldest choristodera 

material found to date. 

 

 

Comparison with other choristoders 

 

Comparison with Pachystropheus rhaeticus from late Rhaetian of England (around 201 Myr 

ago) (Storrs et al. 1996) (Right femur of a fully adult individual-BRSUG 7010.4; Right femur 

of immature individual-BRSMG Ce16854): Similar slight curvature of the essentially straight 

shaft can be seen in all specimens, with distal ends slightly wider than the proximal heads 

(Figure 12). There is the same muscle rugosity close to the proximal head on the anteriodorsal 

part of the bone (see above) in the P.rhaeticus material also. Prominent internal trochanter is 

not connected with the head in P.rhaeticus as it is in the long bone material from Poland. 

Distal condyles are fluent and not separated by a fossa in all specimens. External condyle is 

slightly larger in the adult and subadult specimens than in juveniles of both P.rhaeticus and 

Polish material. Same muscle attachment scars can be seen on the bone surfaces of 

P.rhaeticus as in the material from Lipie Śląskie. Same shape in postaxial view can be seen in 

both taxa, with the difference in the internal trochanter being slightly damaged in P. rhaeticus 

and very prominent in specimens from the Triassic of Poland.  
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Figure 12: Right femur of a fully adult individual of Pachystropheus rhaeticus BRSUG 

7010.4 in anterior, posterior, medial and lateral view respectively (modified from Storrs et al. 

1996). 

 

 

Comparison with Trilophosauria and Rhynchosauria 

 

a) Comparison with the Early Triassic rhynchosaur Mesosuchus browni (Dilkes 1998) (Right 

femur-SAM 7416): Complete right femur of the M.browni form the Early Triassic of Lesotho 

has a shaft with sigmoidal curvature (Dilkes 1998; Fig 10c and 21), which lacks in the above 

described specimens that have essentially straight shafts (Figure 13). The femur has a 

relatively flat, proximal articular surface that continues for a short distance onto the ventral 

side of the internal trochanter (Dilkes 1998), as opposed to well pronounced proximal 

articular head and a massive trochanter in both ZPAL V.33/607 and ZPAL V.33/608 

specimens. Distal condyles are equal in size and separated by an intertrochanteric fossa and a 

shallow popliteal fossa (Dilkes 1998) as opposed to the confluent distal condyles in the Polish 
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material. The articular ends are less expanded than in the ZPAL V.33/607 and ZPAL 

V.33/608 specimens. 

 

Figure 13: Right femur of Mesosuchus browni SAM 7416 in anterior and posterior view 

respectively (modified from Dilkes 1998) 

b) Comparison with Trilophosauria (Spielmann 2008): Trilophosaurus buettneri (Left femur-

TMM 31025-140): The shaft of the femur has a very slight sigmoid flexure in dorsal or 

ventral view (Figure 14) (Spielmann 2008), which is clearly lacking in ZPAL V.33/607, 

V.33/608 specimens. The proximal femur is rhomboid in proximal view, with a distinct 

triangular extension posteriorly (Spielmann 2008), whereas in the specimens from Poland it is 

triangular with a prominent internal trochanter. The dorsal surface of the proximal femur of 

the ZPAL V.33/607, V.33/608 specimens is lacking a possible insertion point of the M. 

pubosichiofemoralis internus (Spielmann 2008; Figures 83E, 84E). The internal trochanter is 

large and extensive, occupying the proximal one-third of the femur (Spielmann 2008), 

however not quite as prominent or in the same position as in the choristodera material from 
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the Late Triassic of Poland. The size and prominence of the internal trochanter is unique 

among archosauromorphs; only the basal reptile Araeoscelis has such a proportionally large 

internal trochanter (Vaughn, 1955). Roughly equal-sized condyles are triangular, separated by 

a shallow, U-shaped intercondylar fossa (Spielmann 2008), with the fibular condyle having a 

notch on its posterior side for the articulation with the fibula. The PLZ specimens have 

confluent condyles, with no intercondylar fossa. 

 

Figure 14: Left femur of Trilophosaurus buettneri TMM 31025-140 in posterior, anterior, 

medial, lateral, proximal and distal side respectively (modified from Spielmann 2008). 

 

c) Comparison with Triliphosaurus jacobsi (Right femur-NMMNH P-39917): The complete 

right femur of T. jacobsi is trapezoidal in proximal and distal view (Figure 15) (Spielmann 

2008) as opposed to triangular shape of ZPAL V.33/607, V.33/608  specimens in proximal 

view and rhomboid in distal. The shaft is slender and has a slight sigmoidal flexure that is 

most pronounced near the distal end of the femur (Spielmann 2008), with proximal and distal 

ends almost the same width as the shaft, whereas PLZ specimens have short massive shafts 

with wide ends. The greater and internal trochanters meet at a roughly 60° angle proximally 
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(Spielmann 2008), as opposed to Polish specimens that have one massive internal trochanter. 

There is a ventral groove between the tibular condyle and fibular condyle. The groove for the 

M. cristotibiofibularis extends for a short distance proximally up the femoral shaft. 

  

Figure 15: Right femur of Triliphosaurus jacobsi NMMNH P-39917 in anterior, posterior, 

medial, lateral, proximal and distal side respectively (modified from Spielmann 2008). 
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Bone histology 

 

Histological research of fossil vertebrate bones has been established as a complementary 

venue of research next to gross morphology and osteology (Scheyer et al. 2010). Reptile 

bones show a strong phylogenetic signal in the distribution of tissues and patterns of 

vascularization in both the shaft and bone ends (Horner at al. 2001). Through the bone 

histology analysis, useful developmental (direct), life history data and aspects of physiology 

(indirect) of fossil taxa can be inferred and compared to bones of living taxa where possible 

(Botha-Brink and Smith 2011; Scheyer et al. 2010). For inferring growth rates of the animals 

and other life history traits, limb bones should be thin-sectioned in the mid-diaphysis region, 

since it contains the least secondary remodelling in the midshaft region and hence provides 

the most complete information (Botha-Brink and Smith 2011).  

 

The damaged specimen (Figure 16-18; ZPAL V.33/609) was used for histology cross 

sections, since its complete preservation for the description was not possible. The thin-

sectioning of the ZPAL V.33/609 specimen was performed at the Institute of Paleobiology, 

Polish Academy of Sciences, Warsaw. The bone thin-structure was viewed and photographed 

using a NICON Eclipse LV 100 POL with camera. The section was prepared from the part of 

the shaft closer to epiphysis, however still very close to midshaft. The diaphyseal shaft region 

and the medullar cavity are not well preserved, which might have influenced the quality of the 

thin-sections and the analysis.  
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Figure 16: a) photo of the damaged specimen ZPAL V.33/609, anterior side; b) photo of the 

damaged specimen ZPAL V.33/609, posterior side. 

 

Figure 17: Photo of the damaged specimen ZPAL V.33/609, mid-shaft cross-section. 
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The bone is very compact on the thin-section (Figure 18). The part of the medullary 

cavity can bee seen in the upper left corner in the Figure 18, in the polarized light. Periosteal 

bone has parallel organized fibres, with equidistant LAGs (lines of arrested growth). 

Vascularization is hard to determine, however it seems as there is a number of small vascular 

canals in the periosteal part (Figure 18a, marked with an arrow). No bone cells can be 

detected in ZPAL V.33/609 specimen. Beginning of secondary remodelling can be seen close 

to the medullary cavity (Figure 18b, marked with an arrow), which might be due to muscle 

attachments on the part of the bone shaft that was sectioned, or an adaptation to a certain life 

style. Additionally some crack-like artefacts of bad preservation of the femur bone shaft can 

be seen under polarized light in the upper part of the thin-section. A small number of 

equidistant LAGs (possibly four), within the homogeneously organized periosteal part of the 

bone imply a slow, steady growth rate. Only a few LAG marks can be seen on the thin-section 

of the specimen. Since the distance between two LAGs represents one year in an animals life, 

that could imply that the ZPAL V.33/609 specimen was a juvenile individual.  

 

Figure 18: a) thin section of ZPAL V.33/609 in normal light; arrow pointing to vascular 

canal b) thin section of ZPAL V.33/609 in polarized light; arrow pointing to LAGs. 
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The overall structure of the bone seen in the thin-section implies an individual either 

semi-aquatic or somewhere in transition between terrestrial and semiaquatic, considering the 

not so clear distinction between the periosteal part and the medullary canal. This is 

characteristic for semi-aquatic taxa, or taxa in transition towards terrestrial which have a very 

well defined periosteal bone distinct form medullar cavity. Numerous studies have shown that 

lifestyle preferences affect the bone microstructure of an animal (Botha-Brink and Smith 

2011). Thickness of the cortex, filling of the medullar cavity and overall compactness of the 

bones are some of major characteristics influenced by the animals’ life style (Botha-Brink and 

Smith 2011). 
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Discussion 

 

The oldest known choristodere to date is Pachystropheus rhaeticus from Rhaetian of England 

(around 201 Myr ago) described by Storrs and Gower (1993) and Storrs et al. (1996), which 

at the time of the description pushed back choristoderan known fossil history by nearly 45 

million years. This Late Triassic finding confirmed the existence of a large gap in the fossil 

record of the group, raising questions about a possible habitat shift over time and the 

reliability of the record of other aquatic/amphibious reptiles (Storrs and Gower 1993). Long 

bones (three femurs: ZPAL V.33/607, 608 and 609) of a choristodere-like animal discovered 

in the Upper Triassic fluvial sediments at Lisowice, southern Poland, show remarkable 

similarity with the P. rhaeticus femur material (BRSUG 7010.4, BRSMG Cel16854). This 

has implications for Polish material being of basal choristodera origin. According to 

Matsumoto and Evans (2010), the most diagnostic features of choristoders are in the skull. 

However, at this point only postcranial material of a possible choristodere is recovered from 

the Lipie Śląskie clay−pit at Lisowice. Diagnostic characters, which are not definitive but 

nevertheless suggestive of choristoderan relationships, such as largely straight femur with 

robust internal trochanter and poorly ossified articular ends (Storrs et al. 1996), are some of 

the features linking the material from Poland to choristodera clade. Possible Late Norian or 

early Rhaetian age of the Lipie Śląskie site supported by the paleobotanical and 

lithostraphical data (Dzik et al. 2008), indicates that this is possibly the oldest choristodera 

material found to date. Both long bones (ZPAL V.33/607, 608) and the fragmentary remains 

(ZPAL V.33/609) exhibit some unusual features, like extremely prominent internal trochanter 

completely confluent with the femur head, short and wide shafts, and cannot be attributed 

with confidence to any known species. However, primitive morphological and histological 
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characters of the described reptile femur bones, along with the age of the site where they were 

discovered, place the material as basal Archosauromorpha.  

 

Choristoders are generally found in association with a diverse freshwater vertebrate 

assemblage, in warm temperate environments across Laurasia (Matsumoto and Evans 2010). 

The phylogenetic position of the clade is yet to be resolved, and new material might add 

important information to the resolution of inter-relationships of choristoders in the future. All 

of the proposed positions (stem-neodiapsid, basal archosauromorph, sauropterygian relative 

etc.) would predict an origin in the Late Permian or earliest Triassic (Matsumoto and Evans 

2010). Discussion about choristoderan origin is still speculative, due to lack of fossil material, 

unresolved relations within the clade and the above mentioned long ghost lineages. The 

described long bones of probable choristodere from the Late Triassic of Poland represent one 

step deeper into choristodera lineage since the age of the site from which the material was 

recovered is late Norian/earliest Rhaetian (around 204 Myr ago) and precedes the earliest 

finding to date - Pachystropheus rhaeticus from Rhaetian of England (around 201 Myr ago). 

Analysis of range extensions of fossil taxa, inferred from sister clade minimum times of 

divergence, can be used to provide estimates of fossil record completeness (Matsumoto and 

Evans 2010). Rhynchosauria + Trilophosauridae + Prolacertiformes + Archosauriformes is 

the probable sister clade to Choristodera within Archosauromorpha, and their origin in the 

Kazanian age (270.6 ± 0.7 - 260.4 ± 0.7 Mya) of choristodere sister group taxa suggests that 

an as yet unfossiliferous gap of at least 50 million years remains at the base of the 

choristoderan lineage (Matsumoto and Evans 2010). A dedicated reexamination of all suitable 

Mesozoic, Paleogene and Neogene small vertebrate assemblages throughout Laurasia is 

needed to provide more confident presence/absence data for these periods so that the history, 

paleobiogeography, phylogeny, and ecology of this enigmatic reptilian group can be better 
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understood (Matsumoto and Evans 2010). Moreover, the demonstration of an unfossiliferous 

gap at the base of the choristoderan lineage has obvious implications for the fossil record in 

general, and sounds a note of caution for speculations concerning past taxonomic diversity 

and possible radiation or extinction events (Matsumoto and Evans 2010). 

Descriptive studies of fossil material, such as the one I conducted, represent the first 

step in studies of fossil material and a basis for further investigation. This is especially 

important when there is no sufficient material for phylogenetic studies or morphometrics that 

would compare different bone shapes statistically. Description and diagnosis of 

morphological characters together with histological analysis of bone microstructure is a good 

way of presenting information about newly discovered fossil material, and can be of great 

importance for future findings. Long bone material from Poland I described in this study can 

be attributed to basal Archosauromorpha, due to morphological and histological 

characteristics and assigned age. Great similarity to Pachystropheus rhaeticus material, most 

basal choristodere material know so far, has implications for the attribution of the material to 

basal choristoders. However, due to some unusual features, the lack of cranial material and 

more fossil material in general, I could not attribute it to any known species at this point. 

Considering that the material from Poland described in this study is a few million years older 

than the oldest described choristodera material to date, it pushes back the origin and known 

range of choristoders deeper into Triassic and fills in another gap within the ghost lineage of 

the choristodere fossil record. 
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