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Abstract

Mastodonsaurus giganteus, the most abundant and giant amphibian of the German Letten-
keuper, is revised. The study is based on the excellently preserved and very rieh material

which was excavated during road construction in 1977 near Kupferzeil, Northern Baden-
Württemberg. It is shown that there exists only one diagnosable species of Mastodonsaurus,
to which all Lettenkeuper material can be attributed. All finds from other horizons must be
referred to as Mastodonsauridae gen. et sp. indet. because of their fragmentary Status. A sec-

ond, definitely diagnostic genus of this family is Heptasaurus from the higher Middle and
Upper Buntsandstein. Finally a diagnosis of the family Mastodonsauridae is provided.

Ä detailed osteological description of Mastodonsaurus giganteus reveals numerous un-
known or formerly inadequately understood features, yielding data on various hitherto poor-
ly known regions of the skeleton. The sutures of the skull roof, which could be studied in de-

tail, are significantly different from the schemes presented by previous authors. The endocra-
nium and mandible are further points of particular interest. The palatoquadrate contributes a

significant part to the formation of the endocranium by an extensive and complicated epi-

pterygoid. The neurocranium is dominated by the exoccipital, otic, and several portions of the

sphenethmoid. For the first time the stapes is found in articulation and uncompressed. The
mandible is slender and bears a massive postglenoid area, and the symphyseal area is extend-

ed to accommodate giant tusks. The prearticular forms a pronounced process anterior to the

glenoid facet.

The axial skeleton is strongly ossified. It consists of massive, cylindrical intercentra that

tend to be lower towards the tail and which have a dorsal incisure for the chorda, further it

contains paired pleurocentra which are set in facets of the neural arch and intercentrum, and
finally it bears low neural arches possessing posteriorly inclined, short and unfinished Proces-
sus spinosi and broad, laterally extended transverse processes. The costal apparatus is wide,

bearing broadened ribs in the anterior and middle part of the trunk which are strcngthened by
two different uncmate processes. While in the trunk these processes disappear tailwards, the

tail base and anterior tail proper again bear wide ribs with markcd processes.

Doctoral dissertation Univ. Tübingen 1998.
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The girdles and appendages are well represented in the Kupferzell material, with the excep-

tion of the pes; because of their disarticulated State their original arrangement has to be recon-

structed. The dermal bones of the pectoral girdle consist of broad and flattened claviculae and
a wide, rhomboidal interclavicle which has, as is typical of capitosaurs, a stilette-like anterior

process with a broadened tip. The ontogeny of the cleithrum and scapulocoracoid is docu-
mented in detail. Scapula and coracoid are separate at first, but later in development fuse to

give a Compound ossification, whose coracoid portion tends to increase in area. In addition

the geometry and surface of the glenoid facet changes during ontogeny. The humerus is rela-

tively slender and long, yet poorly differentiated with respect to most other temnospondyls.
Only in the largest specimens are there definite epicondyles and a faint supinator process. Ra-
dius and ulna are well differentiated and elongate, and the manus consists mainly of slender

metacarpals and phalanges. In the pelvic girdle the ilium is slender and low, with an acetabu-

lum that enlarged during later development. The ischium is small and remains poorly differ-

entiated. In larger specimens it appears to fuse with the pubis which is still unknown as isolat-

ed element. The femur is slender, elongate, and differentiated, whereas the lower leg gains less

than half the length of the upper leg and has a rudimentary structure.

Finally open questions and problems regarding the reconstruction of the whole skeleton

are discussed. This involves a clarification of the methods used and a discussion of the lines of

evidence. A complete yet still partially provisional restoration of the skeleton of Mastodon-
saurus giganteus gives an animal similar to a gigantic Salamander. Mastodonsaurus was most
similar to cryptobranchid Salamanders in its bodily proportions such as the relative length of

the trunk and tail, as well as the considerable breadth and flattness of the rib cage.

Zusammenfassung

Mastodonsaurus giganteus, das häufigste und größte Amphib der europäischen Mitteltrias,

wird eingehend revidiert. Die Untersuchung geht aus von dem hervorragend erhaltenen und
sehr umfangreichen Material, das beim Autobahnbau 1977 bei Kupferzell geborgen wurde.
Im Lettenkeuper existiert nur eine diagnostizierbare Art von Mastodonsaurus, während die

fragmentarischen Funde aus anderen Formationen lediglich der Familie Mastodonsauridae
zugeordnet werden können. Die zweite, gegenwärtig faßbare Gattung dieser Familie ist Hep-
tasaurus, die auf den höheren Mittleren und Oberen Buntsandstein beschränkt bleibt. Die ta-

xonomische Revision schließt mit einer Diagnose der Mastodonsauridae.

Im Rahmen einer detaillierten osteologischen Untersuchung von Mastodonsaurus gigante-

us werden zahlreiche neue Merkmale beschrieben und viele, bisher unzureichend verstandene

Regionen des Skeletts vorgestellt und rekonstruiert. Die Suturen im Schädeldach können
dank der guten Erhaltung der Kupferzeller Funde erstmals genau erfaßt werden; sie weichen
in einigen Punkten erheblich von den Schemata früherer Bearbeiter ab. Das Endocranium und
die Mandibel von Mastodonsaurus bilden weitere Schwerpunkte. Das Palatoquadratum ist

mit einem ausgedehnten und kompliziert gebauten Epipterygoid wesentlich an der Gestal-

tung des Endocranium beteiligt. Im knöchernen Neurocranium dominieren das Exoccipitale,

das Oticum sowie verschiedene Portionen des Sphenethmoid; der Stapes wird erstmals un-

verdrückt und in Artikulation vorgefunden und vorgestellt. Im Unterkiefer, der sehr niedrig

ist und eine massive, langgestreckte Postglenoid-Region besitzt, dominieren riesige Fangzäh-
ne in der verbreiterten Symphyse. Ein hoher, allometrisch positiv wachsender Fortsatz des

Praearticulare bildet eine knöcherne Sperre unmittelbar vor dem Unterkiefergelenk.

Das Axialskelett ist stark verknöchert. Es besteht aus massiven, kurz-zylindrischen Inter-

centra, die zur Cauda hin niedriger werden und eine Inzisur für die Chorda aufweisen, wei-

terhin enthält es paarige Pleurocentra, die in Facetten des Neuralbogens und des Intercentrum

eingelassen sind, und schließlich die Bögen selbst, die niedrig sind, mit nach hinten geneigten

Dornfortsätzen und breit nach lateral vorgreifenden Transversalfortsätzen. Der Rippenkorb
ist breit, im vorderen und mittleren Rumpf aus kräftigen Rippen bestehend, die mehrere Un-
cinat-Fortsätze tragen können. Diese werden im hinteren Rumpfabschnitt kürzer und ver-

schwinden schließlich ganz, während im Schwanzskelett die Rippen erneut größer sind und
auch dort blatt- bis stilettförmige Uncinat-Fortsätze tragen.

Die Gürtel und Extremitäten sind bis auf das Fußskelett gut dokumentiert, müssen jedoch

weitgehend anhand disartikulierter Reste rekonstruiert werden. Der hautknöcherne Schulter-

gürtel besteht aus breiten, großflächigen Claviculae und einer breitrhombischen Interclavicu-

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



SCHOCH, MASTODONSAURUS GIGANTEUS 3

la, die den für Capitosaurier typischen, vorne verbreiterten anterioren Fortsatz trägt. Die On-
togenese des Cleithrum sowie der ersatzknöchernen Elemente läßt sich im Detail verfolgen.

Die Scapula und das Coracoid sind anfangs getrennt und verschmelzen später suturlos, wobei

sich der Coracoid-Anteil stark medial ausdehnt. Auch die Glenoidfacette erweitert und ver-

kompliziert sich im Zuge der späteren Ontogenese. Der Humerus ist anfangs verhältnismäßig

schlank, insgesamt relativ lang und bis in das hohe Alter von rudimentärer Gestalt verglichen

mit den meisten anderen Temnospondylen; erst bei den größten Individuen bilden sich die

Condyli an seinem Distalende sowie ein schwacher Supinatorfortsatz. Radius und Ulna sind

lang und differenziert, und das Handskelett besteht aus überwiegend schlanken Metacarpalia

und Phalangen. Im Beckengürtel findet sich ein niedriges und schlankes Ilium, dessen Anteil

am Acetabulum sich im Alter vergrößert. Das Ischium ist klein und bleibt zeitlebens wenig

differenziert; bei größeren Tieren scheint es mit dem Pubis, das bisher isoliert nicht bekannt

ist, verschmolzen zu sein. Das Femur ist schlank, langgestreckt und differenziert, während Ti-

bia und Fibula weniger als halb so lang werden und rudimentär bleiben.

Die Untersuchung schließt mit der Besprechung offener Fragen und Probleme bei der Re-

konstruktion des Gesamtskeletts. Dabei werden getrennt nach einzelnen Regionen die we-

sentlichen Schritte bei der Rekonstruktion des Rumpfes und der Extremitäten behandelt.

Eine in Abschnitten sicherlich noch vorläufige Gesamtrekonstruktion ergibt für Mastodon-

saurus giganteus die Gestalt eines Salamander-artig langgestreckten Tieres, die in einigen

Punkten - etwa der relativen Länge von Rumpf und Schwanz, der Breite des Brustkorbes und
dem hohen Grad der Abflachung - dem Habitus rezenter Asiatischer Riesensalamander

(Cryptobranchiden) am nächsten kommt.
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1. Introduction

In 1824, G. F. Jaeger was the first to mention finds of giant bones from Triassic

strata resembling those of Salamanders. These were collected in an alum mine at

Gaildorf near Schwäbisch Hall in northern Baden-Württemberg. Jaeger's brief note

- written in Latin - was succeeded by a more informative and illustrated account on

the material Qaeger 1828), and basing on a tooth and a piece of a large occiput he

erected two genera - Mastodonsaurus and Salamandroides. The first name, a greek

translation for 'wart-toothed lizard', referred to the worn-off tip of a giant tooth

from Gaildorf, while the second pointed at the resemblance to extant amphibians,

notably Salamanders, which have similar-shaped occipital condyles.

Several publications, most of them being brief notes, followed (for details see syn-

onymy list), among them the first diagnostic characterization of this species which is

now called Mastodonsaurus giganteus. Owen (1841) compared the Gaildorf materi-

al with teeth encountered in the Upper Triassic Warwick Sandstone of Southern

England. His studies of dental fine structure were an important contribution to the

understanding of early tetrapod teeth, as he was the first to publish on the labyrin-

thic infolding of the dentine and enamel. This culminated in the birth of the name
'Labyrinthodontes', giving rise to a long-used, though nowadays somewhat outdat-

ed expression for certain large early tetrapods (labyrinthodonts). Meyer in Meyer
& Plieninger (1844) replied to Owen by emphasizing his earlier yet unpublished

discovery of the labyrinthic infolding in Mastodonsaurus, and he believed the animal

to be a reptile ('Saurus') rather than an amphibian ('Batrachus'). Meyer therefore

supported the name Mastodonsaurus in favour of Salamandroides (cf. Jaeger 1828;

Alberti 1834), Batrachosaurus (Muenster 1834), or Labyrinthodon (Owen 1841).

Even though Meyer was wrong in his understanding of Mastodonsaurus as an am-

niote (as we may translate his concept into modern terms), he and Plieninger

(1 844) gave a first detailed overview on the morphology of the skull and certain pres-

acral bones. Meyer in particular added an interesting discussion in which he com-

pared the cranial anatomy of Mastodonsaurus with many Recent forms; these inves-

tigations doubtlessly stand as a masterpiece of early comparative anatomy until the

present day, and they are unparalleled by all subsequent authors.

Quenstedt (1850), foUowing earlier arguments of Jaeger (1828) and others, fi-

nally explicitly argued for the amphibian nature of the labyrinthodont finds. It re-

mains unclear whether the weight of Quenstedt's and Owen's authorities, or the

strength of their arguments at the end resulted in the broad consensus on this ques-

tion recognised after 1870.

E. Fraas (1889), F v. Huene (1922), Wepfer (1922a, b, 1923 a), and finally Pfan-

nenstiel (1932) successively added new and more detailed information on cranial
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Fig. 1
.

Skull of Mastodonsaurus giganteus (Jaeger, 1 828) in dorsal view (SMNS 54675; see
also plate 2). Note the pronounced sculpturing of the dermal bones, the asymmetri-
cal sutures, and the characteristic shape and large size of the orbits. The small open-
ings anterior to the nares accommodated large tusks located on the mandibular Sym-
physis.
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and postcranial anatomy of the genus Mastodonsanrus (sensu lato), referring to ma-

terial from Gaildorf and other Lettenkeuper localities {M. giganteus), as well as new
material from the Upper Buntsandstein (M. cappelensis Wepfer, 1923), which was

later assigned to the new genus Heptasaurus (Säve-Söderbergh 1935).

Quite recently, rieh and exceptionally well preserved material of Mastodonsaurus

giganteus was discovered near the small town Kupferzeil in Hohenlohe, northern

Württemberg, during road works (Bundesautobahn 6, Heilbronn-Nürnberg) which

transsected fossiliferous Lettenkeuper strata in spring, 1977. However, without the

trained eyes of the engaged amateur coUector Johann G. Wegele, as well as the

skilled and determined acting of the curator Dr. Rupert Wild (and many other in-

dividuals then employed at the Staatliches Museum für Naturkunde Stuttgart) the

finds would not have been recovered in this quantity and completeness. The excava-

tion yielded more than twenty good skulls and thousands of single bones from all

parts of the body. The quality of this material is optimally suited not only for a rede-

scription of Mastodonsaurus, but also for detailed studies on the structure of the

skeleton of large temnospondyls in general. It is fortunate that this historically so

important species can be the focus of a detailed reinvestigation of stereospondyl am-

phibians, which form an important yet still little understood dement in Triassic ter-

restrial ecosystems.

1.1. Outline of study

This study has three main interests: (1) a taxonomic clarification of all Middle Eu-

ropean finds attributed to Mastodonsaurus giganteus, with particular emphasis on

the taxonomy of the Kupferzeil finds, (2) a detailed analysis of the osteology of Mas-

todonsaurus giganteus regarding all regions of the skeleton, with comments on ta-

phonomy, preservation, and the problems related to disarticulation, and (3) a recon-

struction of the skeleton, based on direct anatomical evidence, taphonomic evidence,

and indirect evidence from the nearest fossil relatives of Mastodonsaurus.

The three sections are ordered as follows: the taxonomy section first clarifies the

Status of Mastodonsaurus giganteus and the Mastodonsauridae, thereby establishing

a basis on which the succeeding sections operate. The osteological study forms the

main part; it is subdivided into an introductive part which discusses the general

structure of a particular structural unit, then continues with a detailed treatment of

the anatomy of its components, and finally reviews the subject by focussing on some

of the most conspicuous general structures, by which the single elements are inte-

grated into the architectural frame. Finally a 3-d reconstruction of the skeleton is at-

tempted, based on the osteological description and drawings, whereby single bones

are successively added to the reconstructed region.

1.2. Stratigraphical ränge and geographical occurrence

The discovery of Mastodonsaurus giganteus dates back to a time of an awaking

and intensive interest in the geology of Württemberg and neighbouring regions. Nu-
merous practising geologists, miners, and not least various well-educated laymen be-

gan to work in the field (see reviews by Weber 1990, 1992 a, b). Württemberg be-

came particularly famous at the beginning of the last Century as a fossil-bearing re-

gion, but only by the activity of the aforementioned people it became what Huene
later termed a "classical saurian country" (Wild 1980a).
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The horizons rieh in vertebrate fossils ränge from the Lower Triassic (Buntsand-

stein) up to the Upper Jurassic (Malm), and the pecuhar southwest German geomor-

phology permits broad outcropping of all stratigraphic units (fig. 2). There is a gen-

eral dip to the southeast. The main lithological units form slightly tilted plains each

of which ends in an escarpment to the northwest. The landscape thus morphologi-

cally differentiated by erosional Steps is therefore aptly called Schichtstufenland in

German.

The Buntsandstein has its most extended outcrop in the northern Schwarzwald

mountains; farther to the south it is restricted to the eastern margin of this mountain

ränge.The Buntsandstein forms the lowermost unit of the Schichtstufenland which

develops to the east and southeast. The following two Steps in the landscape are

formed by the escarpments of Muschelkalk and Keuper which overlay the Bunt-

sandstein. The sequence of steps is continued by the escarpments of Lower and Mid-

dle Jurassic further southeast. The most spectacular step is then formed by the high

and steep escarpment of the Upper Jurassic limestones of the Schwäbische Alb.

The main localities at which remains of the giant amphibian family Mastodonsau-

ridae have been found are distributed on the outcroppings of two particularly fossi-

liferous stratigraphical units, the Upper Buntsandstein (Olenekian/Anisian

boundary) and the Lettenkeuper (Upper Ladinian: Longobardian). The localities

of the former are aligned along the margins of the Vosges, Schwarzwald, Odenwald,

and Spessart mountains, whereas the localities of the latter (and only these are con-

cerned by the present study) are situated especially in the vast outcrop in Hohen-

lohe, a region in northern Württemberg.

The Mastodonsauridae first appear in the Upper Buntsandstein at the eastern

margin of the Schwarzwald mountain ränge (figs. 2, 3), as summarised recently by

Kamphausen & Ortlam (1993). Even small bone fragments of mastodonsaurids

are easily identified by their great thickness and the peculiar type of sculpturing; in

larger fragments the advanced morphology, especially of the skull, is an unequivocal

sign. To date, the family Mastodonsauridae encompasses two genera, Heptasaurus

and Mastodonsaurus, which are separated by a considerable stratigraphical interval.

Heptasaurus is abundant in the Pflanzensandstein topping the Violetter Horizont

(VH) 5, below the Röttone (so4, Uppermost Buntsandstein), and most probably al-

so occurs in equivalent horizons of the Prims Mulde, north of the Hunsrück moun-
tains (Schmidt 1960; Jux & Pflug 1958; Jux 1962, 1966; Sander & Gee 1994). As

far as can be said at this preliminary stage, all of these finds are attributable to Hep-

tasaurus cappelensis, which was first described by Wepfer (1923 a) as a second spe-

cies of Mastodonsaurus. An assemblage of almost fourty specimens, recovered

between the villages Kappel and Niedereschach, between Villingen-Schwenningen

and Rottweil, became famous (Wepfer 1922a, b).

Through the marine Muschelkalk sequence mastodonsaurid bones are found

sporadically, particularly in the topmost part of the sequence, the Obere Terebratel-

bank (mo3). The finds designated as Mastodonsaurus silesiacus (Kunisch 1885) from

the Lower Muschelkalk of Southern Poland are, as Schroeder (1913) noted, more

reasonably attributed to Parotosuchus (Capitosaurus) sp. (Zittel 1887-90).

Definite mastodonsaurid fragments from the Oberer Muschelkalk consist of large

labyrinthodont teeth, dermal skull roof fragments, vertebrae, and ribs. In theory, the

enormous size of the tusks is diagnostic for the genus, although a similar capitosaur

genus (Eryosuchus) with comparably large tusks appears in the Ural Forelands
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(OcHEV 1972). However, by means of the above listed features, most of the larger

finds are rather safely assigned to the Mastodonsauridae. The fragmentary nature of

all these finds does not permit a clear assignment to Mastodonsaurus giganteus, the

abundant and only Lettenkeuper mastodonsaurid species, but the very large size and

high degree of ossification speaks in favour of Mastodonsaurus rather than Hepta-

saurus.

The Grenzbonebed usually bears many remains oi Mastodonsaurus, which of-

ten Stern from animals of the size exclusively gained by the species M. giganteus (i.e.

a skull length of more than 60 cm). Reif (1971) and Hagdorn & Reif (1988) stud-

ied the composition and formation of these bonebeds and showed that they may
contain very different faunal components. Remains of Mastodonsaurus thus appear

therein in concert with marine, lacustrine, and terrestrial forms (Hagdorn & Si-

mon 1985).

Almost throughout the Lettenkeuper sequence (representing the deeper upper

Ladinian stage), Mastodonsaurus giganteus occurs abundantly, and complete skulls

were found in several stratigraphical horizons (fig. 4). Hagdorn & Reif (1988)

compiled data on the occurrence of Mastodonsaurus in the Lettenkeuper, adding to

earlier studies of Plieninger in Meyer & Plieninger (1844) and Fraas (1889).

The Lettenkeuper Sediments of Württemberg and Franken and aspects of their pa-

laeontology were studied by Zeller (1908), "Wagner (1913), Prosi (1922), Patzelt

(1964), Brunner (1973, 1977), Urlichs (1982), Hagdorn (1980 a, b, 1988), and

WEBER(1992a, b, 1996).

The Grenzbonebed is followed by the Vitriolschiefer, which consists of dark

grey marls occasionally enriched in alum. It was mined in the 18th Century, after

the metal salts had long been used for colouring clothes in the vicinity of the out-

crops (Hagdorn & Simon 1985). There is a dissensus about the proper strati-

graphical belonging of the mined sequence at Gaildorf (Weber 1992a; Hagdorn
1988), where the first spectacular finds of Mastodonsaurus were made between

1820 and 1860.

In the foUowing section light grey marls and dolomites alternate (Estherien-

Schichten). Both Sediments sporadically contain teeth, hut Mastodonsaurus purtic-

ularly occurs in a bonebed situated within the Estherien-Schichten, which otherwise

contains many shark teeth and remains of rauisuchians (Reif 1974; Hagdorn & Si-

mon 1985). Weber (1992a) argued for the Gaildorf Fossil-Lagerstätte to belong to

this horizon, referring to sections studied by Kurr (1852) and Quenstedt (1880).

Hagdorn (1988) instead pointed out the lack of coal (which occurs in Gaildorf) in

the Lower Lettenkeuper, and concluded that the famous mine was rather built in the

Untere Graue Mergel (see below).

The Gaildorf Fossil-Lagerstätte [see Fraas (1889), Hagdorn (1988), and Weber
(1992 a) for details] is peculiar in the presence of articulated specimens, which usual-

ly are very rare in other Lettenkeuper horizons. Hence the Gaildorf specimens con-

stitute an important source of anatomical Information. The preservation of verte-

brates in this horizon is very variable, but usually distortion is strong exceeding that

of localities such as Kupferzeil-Bauersbach and Vellberg-Eschenau (see below).

The Hauptsandstein is the major gross-fraction unit in the Lettenkeuper se-

quence. Its thickness varies considerably, as its base is erosional, and in certain re-

gions it directly overlies the Oberer Muschelkalk, although in reworking horizons

indicating the former presence of the Vitriolschiefer, Blaubank, dolomites, and Es-
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therien-Schichten. In many other regions the Hauptsandstein however is represent-

ed by argillaceous shales. The base of larger sandstone bodies frequently contains a

bonebed enriched in labyrinthodont teeth, suggesting the presence of Mastodonsau-

rus.

The top of the Hauptsandstein may be locally overlain by grey to blaci^ shales,

which in the Rothenacker Wald (Markgröningen) yielded a near-complete skull of

Mastodonsaurus giganteus in 1867 (SMNS 4774). A field excursion performed by T.

AiGNER (Tübingen) and A. Etzold (Freiburg) recently discovered a disarticulated

partial skeleton of Mastodonsaurus in a grey shale equivalent to the Hauptsandstein

(Baresel quarry, Vaihingen an der Enz), now also housed in Stuttgart (SMNS 80479).

The next horizon is a locally dark, rigid carbonate layer (Alberti-Bank) bearing

scales of actinopterygian fishes, dipnoan teeth, thecodont teeth, and bones of Masto-

donsaurus (especially in the 5erro/epi5-Bank, see Hagdorn & Reif 1988).

Further above, the Sandige Pflanzenschiefer, a variably argillaceous shale

enriched in plant fragments, may be locally rieh in vertebrate fossils. At Michelbach

an der Bilz, south of Schwäbisch Hall, several partially articulated amphibian skele-

tons, among them one partial skeleton of Mastodonsaurus, a plagiosaurid, and two

trematosaurid specimens were found (Hagdorn 1980 a; unpublished data).

The Upper Lettenkeuper Starts with a calcareous to dolomitic section, the An-
thrakonitbank, whose top often bears a bonebed. The following, much thicker

Unit is however richer in large and well-preserved vertebrate remains: the Untere
Graue Mergel near a thickness of 2 m, and are mainly brown to green marls and

clays, interrupted by thin carbonate layers. Since the last Century especially finds of

Mastodonsaurus and plagiosaurs have been made, most of them being housed in the

coUections at Stuttgart and Tübingen. During the ongoing construction of the Au-
tobahn Heilbronn-Nürnberg the Untere Graue Mergel were cut at several sites in

Hohenlohe. Two of them, one close to the village Bauersbach (Gemeinde Kupfer-

zeil), and one near to the Heidehöfe (Wolpertshausen), revealed particularly rieh

vertebrate faunas.

A large excavation at the Kupferzell site, carried out by the SMNS and with the

help of amateur collectors Q. G. Wegele, R. Mundlos, and J. Töpfer) gave numer-

ous specimens of Mastodonsaurus giganteus, and about 30,000 disarticulated bones,

teeth, and coprolithes (Wild 1978 a-c, 1980 a-b, 1981; Schoch & Wild 1999 a; and

section 1.3 herein) (fig. 5). H. Hagdorn collected a ränge of valuable specimens at

the Wolpertshausen locality, now housed in the Muschelkalk Museum Ingelfingen.

An additional site where Untere Graue Mergel are particularly fossiliferous is the

Schumann quarry near Vellberg-Eschenau, where also well-preserved skulls and

partially articulated skeletons of Mastodonsaurus have been found in the last decades

(Kugler & Bartholomä 1985; R. Wild, pers. comm.). The Untere Graue Mergel

were studied in detail by Urlichs (1982) who compared various sections, especially

in the area of Kupferzell, including those at the excavation site.

The Hohenecker Kalk, confined to the Ludwigsburg region and famous for

the occurrence of Neusticosaurus pusillus, also yielded the two large specimens of

Mastodonsaurus acuminatus Fraas, 1889, which are shown to be junior synonyms

of M. giganteus here. The finds in this horizon are usually strongly flattened and dis-

torted. Equivalent horizons in the Lettenkeuper of eastern Thüringen (Molsdorf

near Arnstadt) have also yielded a suite of cranial and postcranial remains of Masto-

donsaurus giganteus (Schmidt 1931).
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Fig. 3. Stratigraphical ränge of the Mastodonsauridae in the German Triassic, based on a re-

cent survey of available material and information. Modified from Brunner (1973).

A locality close to this site, between the villages Molsdorf and Thörey, which has

been recently opened by road works, gave numerous bones of Mastodonsaurus, pla-

giosaurs, and nothosaurs in several horizons. One of them appears to be an equiva-

lent of the Lingula-Dolomit, as already presumed by Schmidt (1931). In Bedheim

(Hildburghausen, southern Thüringen), Rühle von Lilienstern (1935) reported a

find of Mastodonsaurus acuminatus from a sandstone in the uppermost Lettenkeup-

er sequence, slightly below the Grenzdolomit. Werneburg has recently (1994) re-

viewed the faunistic and stratigraphical data on this site.
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The subsequent entire Gipskeuper sequence (lower Mittelkeuper, kmi), is poor

in mastodonsaurid finds except for labyrinthodont teeth, such as those found in

Gaildorf (Hagdorn & Simon 1985). Recently, C. Klug (Tübingen) coUected ver-

tebral intercentra of a mastodonsaurid from the Quarzitbank, at the top of the

Dunkle Mergel (Ladinian/Carnian boundary).

The Schilfsandstein section (higher Mittelkeuper, kmz) again is particularly

rieh in temnospondyl amphibians, especially the stereospondyls Cyclotosaurus and

Metoposaurus (Meyer & Plieninger 1844; Quenstedt 1850; Fraas 1913). Besides

the last definite trematosaurid find worldwide {Hyperokynodon keuperinus, see

Hellrung 1987 and Schoch, Milner & Hellrung in preparation), the Schilf-

sandstein has also revealed a snout fragment of a mastodonsaurid (Fraas 1913). Al-

though a clear assignment of this find is at this stage not possible, a stratigraphical

ränge of the genus Mastodonsaurus well into the Mittelkeuper cannot be ruled out.

1.3. Lithology and fauna of the Kupferzeil Fossil-Lagerstätte

Urlichs (1982) described the local lithology and commented on aspects of inver-

tebrate palaeontology and palaeobotany at Kupferzell. According to his findings, li-

thology and fossil content vary considerably within the excavated area. The riebest

samples were found in the southern part of the area, and there also the vertebrate-

bearing strata reached their maximal thickness (figs. 4, 5).

The Untere Graue Mergel form a horizon of variable thickness, which is largely

grey to brown in colour, with a rather limited content of vertebrate fossils in gener-

al. Only in its topmost part, immediately below the Anoplophora-Dolomite, an en-

richment in vertebrate bones, sometimes even articulated skeletons, is recorded. A
similar Situation is known in the Schumann quarry near Vellberg-Eschenau, differ-

ing in that preservation is generally better in Kupferzell, and the result of compac-

tion less pronounced. In both localities, three different fossil-bearing horizons have

been recorded (from bottom to top): (1) greenish-grey clay, (2) brown clay or marl,

whose base sometimes attains the appearance of a bonebed, and (3) yellow carbo-

nates (fig. 5).

The greenish layer in Kupferzell contains a large number of well-preserved yet of-

ten isolated bones. The majority of finds was made in this horizon. Although disar-

ticulated, the bones are generally not worn-off or damaged. In addition, numerous

complete skulls of Mastodonsaurus have been found in this layer, including some

disarticulated specimens such as the giant specimen (SMNS 81310) or the medium-

sized, partially articulated specimen (SMNS 80913). In Vellberg-Eschenau the

greenish layer is thinner and less rieh in fossils; in addition most of the bones are iso-

lated and some suggest wearing from a longer transport, which has only rarely been

observed among the Kupferzell fmds.

The brown clay is characterized by a lower concentration of finds, which are

however more clearly articulated or only partially disarticulated as compared with

those in the greenish layer. This is most obvious in the case of completely articulat-

ed plagiosaurid skeletons. In Vellberg-Eschenau the single bones are fr equently frag-

mented, though still being partially articulated.

The carbonates, which form the basal layer of the Anoplophora-Dolomite, only

rarely bear fossils in Kupferzell, such as a partial skeleton of Nothosaurus mirabi-

lis. In the Schumann quarry instead, this horizon may locally contain articulated
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Fig. 4. Lithological section through the Lettenkeuper (Unterkeuper, Erfurt Formation) in

the Hohenlohe region, northern Baden-Württemberg (modified after Brunner
1973). High concentration of mastodonsaurid bones in horizons indicated by bold

letters.

skeletons of Mastodonsaurus, and also one rauisuchian was found (R. Wild pars,

comm.).

Ongoing studies reveal that the foUowing vertebrates definitely occur at Kupfer-

zeil; most of them have meanwhile been identified from other Lettenkeuper local-

ities as well (fig. 6). Most amphibians belong to the Stereospondyli; an overview on

the current systematic concept of this group is given in fig. 7.
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1

.

Pisces

- Chondrichthyes:

- Actinopterygii:

- Actinistia:

- Dipnoi:

2. Amphibia
- Plagiosauridae:

- Capitosauridae:

- Mastodonsauridae:

- Trematosauridae:

- Almasauridae:

- Chroniosuchia:

3. Reptilia
- Prolacertilia:

- Lepidosauria:

- Sauropterygia:

- Rauisuchia:

4. Synapsida
- Cynodontia:

Hybodus sp., Acrodus sp., etc. (R. Böttcher and D. Seegis,

pers. comm.);

Serrolepis sp., Gyrolepis sp. (Wild 1980a);

gen. et sp. indet. (R. Böttcher and D. Seegis, pers. comm.);

Ptychoceratodus serratus (Schultze 1981).

Plagiosuchus pustuliferus ("Wild 1980a; Hellrung, in prep.)

Gerrothorax n. sp. (Hellrung, in prep.);

Kupferzellia wildi (Wild 1980a; Schoch 1997a);

Mastodonsaurus giganteus (Wild 1980a; Schoch 1997a);

Bukobaja cf. enigmatica (SMNS 56252, 57003,

80968, 84122-84126) (see Ochev 1972);

n. g. n. sp. (SMNS 55385);

n.g.n.sp. (SMNS 81698).

Tanystropheus cf. conspicuus (Wild 1980a);

gen. et sp. indet. (Wild, pers. comm.);

Nothosaurus n. sp. (Wild 1980a; pers. comm.);

Neusticosaurus ci.pusillus (Wild 1980a);

n. g. n. sp. (Wild 1980a-c; Göwer, in press).

Gomphodontidae indet. (Wild 1980; Sues & Hopson, in

prep.).

1.4. Material examined

All studied material was found in the Lettenkeuper of southern Germany. The

examined specimens were for the largest part excavated during spring 1977 at Kup-

ferzell, and they were prepared in the time since by employees of the SMNS, par-

ticularly by Dr. R. Wild and Mrs. B. Wild, J. Ginder, Th. Rathgeber, N.

Adorf, as well as J. G. Wegele (Waidenburg). The specimens were almost

throughout catalogued by R. Wild and the author, with the assistance of D. Metz-
ger, M. RüCKLiN, F. Grossmann, and B. Greenwood, then practical students at

the SMNS.
A small part of the material was collected and catalogued in the last Century and

early part of this Century; these specimens are almost throughout from the Gaildorf

mine, the Rothenacker Wald near Markgröningen, or from Hoheneck near Lud-

wigsburg. Of these, several finds from Gaildorf are lost, while certain others suffered

considerable damage and had to be restored in the erly 1970s (see below).

1.4.1. Mastodonsaurus giganteus

1. SMNS 4698. Complete skull with mandibles (60cm). Locality: Locus typicus. Hori-

zon: Stratum typicum. References: Meyer & Plieninger (1844: 11, pl. 6fig. 1, pl. 7 fig. 1),

Fraas (1889: Schädel I), Huene (1922).
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9. SMNS 54677. Complete skull (51 cm) with mandible in articulation (figs. 8, 17). Local-

ity: Kupferzell. Horizon: Untere Graue Mergel, brown layer. References: Wild (1980).

10. SMNS 54678. Complete skull (54,5cm) (figs. 12, 13). Locality: Kupferzeil. Horizon:

Untere Graue Mergel, green layer. References: Ziegler (1986: fig. 150).

11. SMNS 80249. Posterior rim of skull (? 70cm) with well-preserved braincase . (Local-

ity: Kupferzell. Horizon: Untere Graue Mergel, green layer.

12. SMNS 80704. Complete skull (55 cm) with mandible. Locality: Kupferzell. Horizon:

Untere Graue Mergel^ green layer.

13. SMNS 80878. Near-complete skull (about 65cm) with parts of mandible. Locality:

Kupferzell. Horizon: Untere Graue Mergel, brown layer.

14. SMNS 80887. Snout fragment (? 60cm). Locality: Kupferzell. Horizon: Untere

Graue Mergel, green layer.

15. SMNS 80889. Complete skull (59 cm) with mandible, partly dislocated right side. Lo-

cality: Kupferzell. Horizon: Untere Graue Mergel, green layer.

16. SMNS 80890. Postorbital part of skull (about 40cm skull length). Locality: Kupfer-

zell. Horizon: Untere Graue Mergel, green layer.

17. SMNS 80905. Partial, disarticulated skull (about 45cm skull length). Locality: Kup-
ferzell. Horizon: Untere Graue Mergel, green layer.

18. SMNS 80913. Fragmentary skull (75 cm total length) with 28 presacral vertebrae. Lo-

cality: Kupferzell. Horizon: Untere Graue Mergel, green layer.

19. SMNS 81310. Catalogued and frequently referred to as "Riesenexemplar von Kup-
ferzell". Complete mandible (145 cm) with few remnants of the palate and a total of 28 presa-

cral and 6 caudal vertebrae, 6-8 neural arches, 20 pleurocentra, and about 40, largely complete

ribs from all regions in the axial skeleton. All elements were found in close proximity, and in

association with a much smaller specimen of Mastodonsanrus giganteus, as well as several iso-

lated, giant teeth of Mastodonsaurus. Locality: Kupferzell. Horizon: Untere Graue Mergel,

green layer.

20. SMNS 81368. Posterior part of palate, with attachment sites for braincase elements.

Locality: Kupferzell. Horizon: Untere Graue Mergel, green layer.

Isolated cranial material consists of the foUowing, rieh body of specimens: 7 premaxillae, 3

maxillae, 4 jugals, 3 quadratojugals, 4 squamosals, 10 tabulars, 7 postparietals, 6 supratempo-

rals, 5 postorbitals, 5 postfrontals, 5 parietals, 3frontals, 5 nasals, 3 lacrimals, 3 prefrontals, 20

quadrata, 31 exoccipitals, 14 pterygoids, 10 parasphenoids (often fragmentary), 12 stapes, 15

epipterygoids, 2 palatines, and 2 ectopterygoids. There are several entirely unprepared skuUs,

and a large number of unprepared disarticulated cranial elements in the Stuttgart coUection.

Further, 9 complete and prepared mandible halves are housed in the SMNS (54675, 56634,

80871, 80872, 80874, 80879, 80880, 80881, 80882). About 40further fragments from all regions

of the lower jaw have been investigated for this study.

Postcranial material. 1. Gaildorf (Locus typicus, Stratum typicum): SMNS 4698 [20

vertebrae, mentioned by Plieninger in Meyer & Plieninger (1844) and Fraas (1889)],

SMNS 56630 [the one figured in part by Meyer & Plieninger 1844, and referred to by
Fraas (1889) and Huene (1922)], SMNS 4706 [left clavicle with ulna and part of manus,

figured by Fraas (1889), right clavicle with badly preserved phalanges and carpal elements,

fragmentary interclavicle, both scapulocoracoids, 1 radius, and about 10 presacral vertebrae].

In addition the Gaildorf material of the SMNS encompasses 10 ribs, 3 ilia, 1 fibula, 2 interclav-

icles, and one large clavicle. The GPIT possesses additional specimens: (1) three intercentra,

neural arches, and rib fragments in articulation, and (2) various isolated presacral intercentra.

2. 1977 Kupferzell excavation (Untere Graue Mergel, almost throughout green layer, infor-

mation by courtesy of R. Wild and M. Urlichs): About 120 prepared and catalogued, isolat-

ed presacral intercentra are housed in the SMNS. In addition there are at least 25 caudal inter-

centra prepared, 20 pleurocentra, 30 mostly very fragmentary neural arches, and 114 isolated

ribs from all regions of the body. The appendicular skeleton is also well-represented: 13 cleith-

ra, 25 claviculae, 29 interclaviculae (the numerous fragments not counted), 12 scapulocora-

coids, 12 humeri, 5 radii, 3 ulnae, 10 phalanges, 19 ilia, 10 ischia, 8femora, 1 tibia, and 1 fibula.

3. 1989 excavation at Vellberg-Eschenau (Untere Graue Mergel): 20 giant intercentra of a

specimen of which the skull is in the private collection of Mr. Berner (Heilbronn).
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1.4.2. Temnospondyl material studied for comparative purposes

A large suite of temnospondyl taxa housed in different institutions was examined,

the number of studied specimens given in brackets.

AMNH : Edops craigi (cast of holotype), Trimerorhachis insignis (15), Isodectes sp. (1), Iso-

dectes (Saurerpeton) obtusus (3), Eryops megacephalus (12), Stanocephalosaurus birdi (1).

BPI: Rhinesuchus sp. (5), Rhineceps nyasaensis (1), Uranocentrodon senekalensis (2), Broo-

mistega sp. (1), Lydekkerina huxleyi (2), Eolydekkerina magna (1), Kestrosaurus dreyeri (2),

Parotosuchus africanus (1).

GPIT: Dvinosaurus sp., cast (1), Trimerorhachis sp. (5), Eryops sp. (4), Sclerocephalus sp.

(5), Cheliderpeton latirostre (2), Archegosaurus decheni (2), Parotosuchus nasutus, cast (1),

Heptasaurus cappelensis (1 original, 1 cast),

IGWH: Trematosaurus hrauni (38), Parotosuchus nasutus (23).

PIN: Dvinosaurus primus (2), Thoosuchus jakovlevi (6), Prothoosuchus samariensis (2),

Angusaurus dentatus (1), Benthosuchus sushkini (5), B. uralensis (1), Wetlugasaurus angusti-

frons (2), W samaransis (1), Parotosuchus orientalis (l), P orenburgensis (1), Eryosuchus anti-

quus (1), £. tverdochlebovi (i), E. garjainovi (8), giant Eryosuchus sp. from the Bukobay For-

mation of Kazakhstan (1), Mastodonsaurus torvus (1), Cyclotosaurus sp. (1), "Cyclotosaurus"

sp. from Arizona, cast (1), Bukobaja enigmatica (1).

SAM: Lydekkerina huxleyi (3), Rhinesuchus sp. (1), Phrynosuchus whaitsi (1),

Cyclotosaurus albertyni (1).

SMF: Parotosuchus nasutus (2), /l helgolandiae (cast), Lyrocephaliscus euri (2), Benthosu-

chus sushkini (1).

SMNK: Sclerocephalus haeuseri (1), Heptasaurus cappelensis (remains of about 12 speci-

mens), Eocyclotosaurus sp. (1).

SMNS: Sclerocephalus haeuseri (12), Cheliderpeton latirostre (2), Archegosaurus decheni

(2), Lydekkerina sp. (1), Benthosuchus sp. (1), Thoosuchus jakovlevi (1), Trematosaurus brau-

ni (4), Hyperokynodon keuperinus (2), Parotosuchus nasutus (3), Heptasaurus cappelensis (5),

Eocyclotosaurus zvoschmidti (l), E. lehmani, cast (1), Eocyclotosaurus n. sp. from Arizona, cast

(1), Stenotosaurus semiclausus (1), Meyerosuchus fuerstenberganus, cast (1), Odenwaldia hei-

delbergensis, cast (1), Kupferzellia wildi (18), Cyclotosaurus robustus (3), C. posthumus (1), C.

mordax (6).

UCMP: Trimerorhachis insignis (13), Zatrachys serratus (11), Eryops sp. (2), Wellesaurus

peabodyi (12), Eocyclotosaurus n. sp. (6).

1.5. Institutional abbreviations

AMNH: American Museum of Natural History, New York
BPI: Bernard Price Institute of Palaeontology, Johannesburg
GPIT: Institut und Museum für Geologie und Paläontologie, Tübingen
IGWH: Institut für Geologische Wissenschaften und Geiseltalmuseum, Halle

MMI: Muschelkalk Museum, Ingelfingen

PIN: Paleontological Institut of the Russian Academy of Sciences, Moscow
SAM: South African Museum, Cape Town
SMF: Naturkundemuseum Senckenberg, Frankfurt

SMNK: Staatliches Museum für Naturkunde in Karlsruhe, Karlsruhe

SMNS: Staatliches Museum für Naturkunde in Stuttgart, Stuttgart

UCMP: University of California Museum of Paleontology, Berkeley.
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Stereospondyli

Trematosauroidea

Tremato- Alma- Metopo-

sauridae sauridae sauridae

Capitosauroidea

Paroto- Mastodon- Tatra- Heylero- Cycloto-

suchidae sauridae suchidae sauridae sauridae

Fig. 7. Systematic position of the family Mastodonsauridae within the suborder Stereo-

spondyli (Tetrapoda: Temnospondyli). Trematosaurids were dominant freshwater

to marine dwellers in the Lower Triassic, while capitosauroids managed to become
the most frequent and widespread stereospondyls by the Middle Triassic. The Cy-
clotosauridae and Metoposauridae are the last stereospondyls to be found in Eu-
rope, both being known by the Schilfsandstein (Middle Carnian).

2. Taxonomy oi Mastodonsaurus giganteus (Jaeger, 1828)

2.1. Discovery and first assignment of Mastodonsaurus

In the early 1820s, two particular finds supposed to have come from the alum
mine at Gaildorf attracted the attention of Professor Georg Friedrich Jaeger, lat-

er curator of the Königlich-Württembergisches Naturaliencabinet, the forerunner of

the Staatliches Museum für Naturkunde in Stuttgart. According to his own words,

the two specimens had been found almost side by side ("os occipitis ... communis
cum dente simul allato situs"). In 1828 he specified, that the tooth was brought to

him by Mr. Zobel, the occiput by Prof. Schübler (who then taught Geology at the

Eberhard-Karls University of Tübingen), and additional material, which now also is

assigned to Mastodonsaurus, found by Mr. Hehl and Mr. Dietrich respectively, the

latter was the owner of the alum mine at Gaildorf.
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It is somewhat obscure whether all material was found in the same mine and at the

same time, as Jaeger's note in 1824 suggests, or if the names he cites mean that the

specimens where found at different times by different people. Kurr (1850) and re-

cently Weber (1992 a) noted that the Gaildorf mine was the only site from which de-

finitive finds of Mastodonsaurus had become known in these early days; this is the

most convincing evidence in favour of Jaeger's (1824) original Statement.

Concerning the taxonomic assignment of the finds, Jaeger (1824) further wrote:

"Maxime distinguitur condylis ad modum prominentibus, quales nulli, quantum

equidem scio, reptilium generi, excepto forte Proteo mexicano competunt". Obvi-

ously he had made comparisons with various extant reptiles and thereby had hooked

at one particular feature, the double occipital condyle of Mastodonsaurus. By this

character it differed from all reptiles known to him, but brought the 'Mexican

Proteus' to his mind, by which he probably referred to the ambystomatid Salaman-

der Amhystoma mexicanum. He therewith pre-dated the findings of Owen (1841,

1842) and Quenstedt (1850) on the amphibian nature of Mastodonsaurus, only that

he used a different argumentation and based his comparison on a different extant

taxon. (In fact, by comparing Mastodonsaurus with an aquatic Salamander he came

much closer to the current concept than any of his successors, although we cannot

be sure about his reasons.) This explains his choice of Salamandroides as generic

name for the occiput, which later became a junior synonym of Mastodonsaurus.

Jaeger (1824) concludes: "Pro certo itaque habere licet, ... vero Monitoribus

forte affinis Strato profundiori peculiaria esse, quod etiam reliquias foveret, si os

occipitis, quod utique probabile est, non ejusdem [sie] animalis esset". [Jaeger here-

in Stresses the resemblance of the giant Gaildorf tooth with those of large Recent va-

ranids (e.g. the monitor). Finally, he argues, the occiput might turn out to be from a

different animal than the tooth, an alternative "which is particularly probable".]

2.2. Identification of the Kupferzell specimens

The only two capitosauroid species definitely present at the Kupferzell excavation

site are the small-growing capitosaurid Kupferzellia and the large to giant mastodon-

saurid Mastodonsaurus. The anatomy of these two forms differs conspicuously in

the skull and mandible so even minor fragments may be readily distinguished (for

details see Schoch 1997a). A well-defined yet only fragmentarily known form has

clear trematosaurid affinities, and is also represented by numerous characteristic

intercentra (see section 1.3). Finally the find of a small almasaurid-like temnospon-

dyl in the Untere Graue Mergel of the Schumann quarry in Vellberg-Eschenau (Mu-
rales 1988) demonstrates that additional stereospondyls might still be hidden in the

large unprepared sample from Kupferzell. Both the trematosaurid and almasaurid

cannot be confused with either Mastodonsaurus or Kupferzellia, because their crani-

al morphology is too distinct. This involves major differences in dermal sculpturing,

proportions of skull roof bones in nearly all regions, and the structure of the palate;

hence even small skull fragments are readily distinguished by that way.

The mastodonsaurid is identified by the enormous size of most finds, and gener-

ally the large extent of ossification. The dermal sculpturing is coarse in the sense that

the ridges are broad and well-defined, applying even and in particular to the small-

est specimens. Furthermore, even small finds are recognised by means of their pecu-

liar cranial morphology: the skull forms a narrow, isoceles triangle with large orbits
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at midlevel, the symphyseal tusks penetrate the tip of the snout, the parasphenoid

and pterygoid are massive ossifications meeting in a long suture much different from

that of Kupferzellia, and the large size and shape of the interpterygoid vacuities.

There are also numerous differences in the mandible (long postglenoid area, large

and anteriorly extended Meckelian window, symphyseal region: postsymphyseal

teeth) between Mastodonsaurus and Kupferzellia (Schoch 1997a).

The following valid species attributable to the Mastodonsauridae have been erect-

ed and described :

1. Mastodonsaurus giganteus (Jaeger, 1828) (Meyer & Plieninger 1844; Fraas

1889; Huene 1922): Lettenkeuper of northern Württemberg (Land Baden-

Württemberg), Mainfranken (Freistaat Bayern), and north of the Thüringer Wald

(Freistaat Thüringen). A junior synonym is M. acuminatus Fraas 1889 from the

Lettenkeuper of Hoheneck in Baden-Württemberg and Molsdorf in Thüringen

(Schmidt 1931; Rühle von Lilienstern 1935; Werneburg 1994). See fig. 3 for

stratigraphical ränge.

2. Heptasaurus cappelensis (Wepfer, 1923) (see Wepfer 1922 a, b; Pfannenstiel

1932; Säve-Söderbergh 1935): Oberer Buntsandstein (Lower Anisian) of Vosges,

Schwarzwald, and Mainfranken. Synonyms are possibly Mastodonsaurus vaslenen-

sis Meyer, 1847-55 and M. ingens Trusheim, 1937. See fig. 3 for stratigraphical

ränge.

3. Mastodonsaurus torvus Konzhukova, 1955 from the Orenburgskaya Oblast

and Bashkirstan (Bashkortostan) in the Russian Federation and northern Kazakh-

stan. This form is in some aspects similar to Heptasaurus cappelensis (e.g., width of

jugals), but has orbital windows of similar shape as in M. giganteus and attains the

size of large specimens of this species (M.A. Shishkin, pers. comm.; pers.exam. of

various specimens in the PIN). The available finds are throughout very fragmentary,

so that a reasonable comparison with the two German genera is impossible thus far;

a provisional assignment to Mastodonsaurus, paying tribute to the closer resem-

blance of the Fast European mastodonsaurid to this giant form, may be sufficient.

The Kupferzell mastodonsaurid material is throughout similar to Mastodonsaurus

giganteus from Gaildorf and Markgröningen. The ränge of morphological Variation

in the Kupferzeil specimens is fairly broad and continuous, strongly suggesting the

presence of only one species. Re-examination of the type material of M. acuminatus

revealed that the differences to the Gaildorf material mentioned by Fraas are the re-

sult of extreme compaction in the latter. The variability in the Kupferzeil skulls

ranges from narrow-cheeked forms similar to M. acuminatus to very broad-cheeked

specimens. The material from Molsdorf, attributed to M. acuminatus by Schmidt

(1931) for stratigraphical rea-sons, is likewise throughout assigned here to M. gigan-

teus.

Heptasaurus cappelensis, the only other valid German mastodonsaurid species to

date, differs from all mentioned specimens by smaller orbits and a markedly broad-

er snout tip. Correlated with the smaller size of the orbit is the greater width of the

jugal and the frontal. An unequivocal assignment of all mastodonsaurid material

from Kupferzell to Mastodonsaurus giganteus Qaeger, 1828) is thus possible.
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2.3. Taxonomic Status of Mastodonsaurus gigantens (Jaeger, 1828)

Amphibia Linnaeus, 1758

Temnospondyli Zittel, 1890 [emend. Milner, 1993]

Stereospondyii Milner, 1994 [non Watson, 1919]

Capitosauroidea Säve-Söderbergh, 1935 [lapsus: -"oidae"]

Mastodonsauridae Watson, 1919 [non Lydekker, 1885]

Mastodonsaurus giganteus Qaeger, 1828)

p. 38, tab. 5, figs. 1-2

Jaeger, p. 11-12

Jaeger, p. 35; nomen imperfectum

Jaeger, p. 38

Meyer, p. 208

Jaeger, p. 86; printing mistake

Jaeger, p. 86

Alberti, p. 120; first revisor

Jaeger, p. 547

Owen, p. 227

Owen, p. 512

ROEMER, p. 96

Meyer, p.l 1, plts. 6-7

Plieninger, p. 57, plts. 3-7

Owen, p.l 95

Meyer, p. 81, pl. 62, fig. 5 (partim !)

Meyer, p. 89

Quenstedt, p. 2

Alberti, p. 255

MiALL, p. 151

MiALL, p. 433

Fraas, p. 32, pls. 1-5

Fraas, p. 104, pls. 7, 8

Lydekker, p. 142

Watson, p. 36, fig. 22

Huene, p. 400, figs. 1-12

Schmidt, p. 371, figs. 1047-1049

Schmidt, p. 373, fig. 1050 a

Schmidt, p. 237, figs. 1-5, pls. 1-3

Pfannenstiel, p. 1

RüHLE VON Lilienstern, p.

Säve Söderbergh. d. 81

V
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1994 Mastodonsaurus acuminatus Werneburg, p. 128, fig. 8

V 1997 Mastodonsaums jaegeri Schoch, p. 245

V 1999a Mastodonsaurus giganteus Schoch & Wild, p. 2, figs. 3-4, 6

V 1999b Mastodonsaurus giganteus Schoch & Wild, p. 3

Holotype: GPIT 1824, an occiput of a large specimen.

Remarks: 1. The nomenclatural Situation of this species, its valid name, and the State of all

objective synonyms are to be reviewed and discussed elsewhere. The binomen Mastodonsau-

rus giganteus (Jaeger, 1828) is used throughout the present study.

2. GPIT 1824 is clearly diagnostic of Mastodonsaurus giganteus (cf. Welles & Cosgriff

1965!). I came to this conclusion by personal examination of nearly all known large stereo-

spondyl species (see list of material investigated). GPIT 1824 comprises the posteriormost

part of the parasphenoid and large parts of the exoccipitals including the occipital condyles.

The skull length of this specimen is estimated to approximately 75 cm. The large condylar fa-

cets, their shape, and the posterior region of the parasphenoid are particularly diagnostic of

Mastodonsaurus giganteus. The presence of a tripartite fossa parasphenoidalis (Schoch
1997a) is unique to this species. In addition, the mode of contact between the pterygoid and

exocciptal is characteristic of the Lettenkeuper mastodonsaurid. By these features, the occiput

differs from all studied specimens of Heptasaurus, Eryosuchus, and Parotosuchus - i.e., those

forms, which are structurally dosest to Mastodonsaurus. SMNS 55911, the giant tooth, is

probably from the same species as the occiput, although clearly from a much larger specimen.

This is evident from complete finds (e.g. SMNS 80878, 80913) in which specimens matching

the size of the occiput have teeth reaching only half the length of that in SMNS 55911.

Jaeger's giant tooth is certainly not diagnostic, as large labyrinthodont teeth are common to

all capitosauroids; in addition, the Kazakhian form Eryosuchus garjainovi, which is known to

reach a skull length of one metre, may bear even larger teeth (pers. exam.).

The aforementioned arguments are based on careful re-examination of the original materi-

al and invalidate the remarks of Welles & Cosgriff (1965) who considered the occiput un-

diagnostic. Unfortunately they did neither examine this specimen, nor study mastodonsaurid

morphology on the basis of any of then available Gaildorf specimens housed in Stuttgart,

Tübingen, and Yale.

Locus typicus: Alum mine at Gaildorf in Hohenlohe, northern Baden-Württemberg,

southwestern Germany. Kurr (1852), Quenstedt (1880), Hagdorn (1988), and Weber
(1992a) have commented on the geological setting of this site. This mine was exploited

between 1763 and 1895 (Weber 1996). Its owner Mr. Dietrich, a trader at Gaildorf, repeat-

edly sent specimens (SMNS 4698, 4707, 4938, and 54679) to the collections in Stuttgart and

Tübingen, following Jaeger (1828) and Meyer & Plieninger (1844).

Stratum typicum: The "Gaildorfer Alaunschiefer", a black, pyrite-bearing horizon of

some 25 cm magnitude (Kurr 1852). Several authors have commented and discussed on this

particular site and Stratum (op. cit.), but no agreement has been achieved on the exact strati-

graphic position of this bed. A recent review is given by Weber (1996), who suggests a be-

longing to the Estherien-Schichten 3 (higher Lower Lettenkeuper). Alternative views are held

by R. Wild (pers. comm.: Vitriolschiefer) and H. Hagdorn (1988: Untere Graue Mergel);

see fig. 4.

Geographical occurrence: In many localities throughout Baden-Württemberg,

Bayern (Rothenburg o. d. T, see Muenster 1834), and in Thüringen (Schmidt 1931; Rühle
VON Lilienstern 1935); see fig. 2.

Stratigraphical ränge: Fairly complete, diagnostic skull fragments are known from the

Grenzbonebed (from quarries in the Crailsheim region) through the Hohenecker Kalk (Lud-

wigsburg, Molsdorf), which Covers nearly the whole Lettenkeuper sequence (figs. 3, 4).

Isolated, large postcranial and lower jaw bones are occasionally found in the Obere Te-

rebratelbank, Uppermost Muschelkalk (e.g. in Crailsheim). These specimens are conspicu-

ously larger than those of Heptasaurus from the Oberer Buntsandstein (Wepfer 1922a,

1923a), and are therefore attributable to Mastodonsaurus. However, the find oi Mastodonsau-

rus ingens Trusheim, 1937, which is by its stratigraphical position usually suggestive oi Hep-
tasaurus, demonstrates that giant mastodonsaurids were present in the Middle European Ba-

sin already by Anisian time.
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symphyseal

tusks

tip of

snout

10 cm

Fig. 8. Diagnostic features of the Mastodonsauridae (normal letters) and the genus Masto-

donsaurus (bold letters) mapped onto a drawing of the skull roof and palate of

Mastodonsaurus giganteus. Figure based on SMNS 54677.
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Diagnosis

Mastodonsaurus giganteus Qaeger, 1828) is characterized by the following

unique features (fig. 8):

1. Orbits are very large (orbit length/ skull length - 0.24), the interorbital width is

much narrower than the width of orbit, and the anterior end of the orbit is point-

ed.

2. Tripartite posterior rim of the basal plate (fossa parasphenoidalis).

3. Palatine ramus (pterygoid) stout and thickened by medial ridge and constricting

interpterygoid vacuities laterally; quadrate ramus short and directed completely

transversely; basal plate of parasphenoid broadened in its most posterolateral

part.

4. Epipterygoid large and stout, with long anterior portion and a prominent Proces-

sus lamellosus, and in contact to six cranial elements; in large specimens confluent

with other regions of the palatoquadrate.

5. Processus hamatus (prearticular) very high and massive, forming an extended fa-

cet continuous with the glenoid area of the articular.

The following features are characteristic of, but not unique to M. giganteus:

6. The thoracal intercentra 3-26 form complete, nearly equally thick disks. This fea-

ture is however variable, as a broad study of individual Variation in Mastodonsau-

rus giganteus revealed (this paper).

7. Anterior trunk ribs with stout processus uncinati and an additional proximal Pro-

cessus each {Sclerocephalus, Cheliderpeton, Eryosuchus).

Status of the Mastodonsauridae

The family name was introduced by Lydekker (1885) and later confined to the

type genus Mastodonsaurus by Watson (1919). Lydekker had summarized various

temnospondyl genera under this heading, which are from our present knowledge

only distantly related, e.g. the classical Keuper forms Mastodonsaurus, Capitosaurus

(Cyclotosaurus), and Metopias (Metoposaurus). Watson instead, who studied the

Gaildorf specimens personally, already recognised some unique features of Masto-

donsaurus, wherein he was principally followed by Säve-Söderbergh (1935),

Romer (1947), and Huene (1956). This concept has been upheld ever since (Romer
1966; Shishkin 1964; Ochev 1966, 1972; Paton 1974; Carroll 1988; Kamphau-
sen 1989).

Säve-Söderbergh (1935: 79) regarded Mastodonsaurus cappelensis Wepfer,

1923 more closely related to Capitosaurus than to Mastodonsaurus and consequent-

ly erected an own genus Heptasaurus. Romer (1947) and Huene (1956) instead fa-

voured Mastodonsaurus cappelensis, but this finally became obsolete (Carroll

1988; Kamphausen 1989).

The Mastodonsauridae, conceived here to encompass the genera Mastodonsaurus

and Heptasaurus only, are characterized by several unique features. These render the

taxon a monophyletic group in traditional as well as the Hennigian sense.

The following unique characters are shared by Mastodonsaurus giganteus and

Heptasaurus cappelensis (fig. 8):

1. Skull forms isoceles triangle, snout and median series very narrow.

2. Tip of snout elongated anterior to the nares.

3. Premaxillae pierced by large symphyseal tusks, anterior but not medial to the
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nares and distlnctly lateral to the lyrae; in the palate there is a paired apertura

praemaxillaris, separated by a broad contact between premaxillae and vomers.

4. Orbits large, reaching more than 1/5 the lenght of the skull. Their shape is sagit-

tally oval, and the anterior and lateral margins are frequently irregulär and

strongly convex.

5. Postorbital, prefrontal, and parietal much elongated anterior to the pineal fora-

men; this gives a particularly large postorbital, which is unparalleled by other

stereospondyls.

The parietal is much longer anterior to the pineal foramen than posterior to it.

[This feature was regarded by Shishkin (1973) as characteristic of the Colostei-

formes, a group supposed to enclose only brachyopids, trimerorhachids, and co-

losteids.]

Characters typical of, but not unique to the Mastodonsauridae are:

6. The degree of ossification is very high (a feature also found in Buettneria perfec-

ta, Parotosuchus orenburgensis, and Eryosuchus garjainovi (all pers. exam.).

7. The parasphenoid-pterygoid suture is very long, giving a roughly triangulär

basicranial region, and posteriorly constricted interpterygoid vacuities (similar

morphologies are present in Eryosuchus, Cyclotosaurus, and Eocyclotosaurus

(all pers. exam.).

8. The cultriform process (parasphenoid) is strongly keeled (also present in Cyclo-

tosaurus, Eocyclotosaurus, and the Trematosauridae; all pers. exam.).

9. The large tusks in the palate and Symphysis reach giant size; this feature is only

paralleled by Eryosuchus garjainovi Ochev, 1972 (pers. exam.).

10. Lateral line sulci are very wide, especially in the anterior portion of the snout

(this feature is also expressed in large specimens of Eryosuchus and the brachyo-

poid Batrachosuchus; all pers. exam.).

11. Fenestra Meckeli long and slender, 1/5 mandibular length (also in Eocyclotosau-

rus sp. from the Moenkopi Formation, Arizona, and Cyclotosaurus posthumus

from the Middle Stubensandstein of Germany).

Assignment of other finds referred to Mastodonsaurus

The following species and fragmentary specimens have been originally or at some
stage assigned to Mastodonsaurus, but thereafter turned out to be either Synonyms
of other species, or nomina dubia.

Mastodonsauridae [non Mastodonsaurus]:

- Mastodonsaurus vaslenensis Meyer, 1847-55 is clearly a mastodonsaurid and

probably conspecific with Heptasaurus cappelensis (Wepfer, 1923). However, as

this find is lost since World War II, and moreover lacks definite diagnostic fea-

tures of Heptasaurus cappelensis, it cannot be taken as senior synonym of the lat-

ter, which thus retains validity.

- Mastodonsaurus keuperinus Fraas, 1889 is clearly a mastodonsaurid. This applies,

however, only to the snout fragment, which differs markedly from all co-occur-

ing stereospondyl amphibians {Cyclotosaurus, Metoposaurus, Hyperokynodon) in

the presence and position of the tusk holes in the premaxilla, the position of the

naris, as well as the breadth and position of the lateral line sulci.
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- Mastodonsaurus ingens Trusheim, 1937 is probably also a junior synonym of

Heptasaurus cappelensis (Wepfer, 1923), but this must await re-investigation of

Wepfer's original material (Schoch in preparation).

- ParotosHchus mechermchensis (Jux & Pflug, 1958) is clearly not a Cyclotosaurus,

as its first describers thought, but a mastodonsaurid. It comprises a posterior skull

table, with the orbits partially visible and the squamosal embayment partially pre-

served. According to all observed diagnostic features, definite mastodonsaurid

characters are present (size of the orbits, proportion of frontals and jugals, and

length of the parietal and supratemporal). It bears greatest similarities with Hep-

tasaurus, and I herewith suggest to provisionally classify it as Heptasaurus cf. cap-

pelensis.

- Mentosaurus waltheri Roepke, 1930 is quite probably a mastodonsaurid. The

interclavicle is very large, but undiagnostic, whereas the sculpturing and propor-

tions of the mandible are typical of the family. The missing hamate process and

postglenoid area, however, render a definite assignment difficult.

Capitosauridae:

- Mastodonsaurus rohustus Quenstedt, 1850 is a synonym of Cyclotosaurus robus-

tus (Quenstedt, 1850).

- Mastodonsaurus cyclotis Quenstedt, 1850 (implicitly) is a synonym of Cycloto-

saurus rohustus (Quenstedt, 1850), referring to the same material as M. rohustus.

Nomina dubia are:

- Mastodonsaurus meyeri Muenster, 1834 is clearly a nomen dubium. It consists of

a Single labyrinthodont tooth that might stem from any of the larger stereospon-

dyl taxa occurring in the Mittelkeuper.

- Mastodonsaurus andriani Muenster, 1843 bears the same problems as the afore-

mentioned taxon.

- Mastodonsaurus durus Cope, 1866 is clearly a nomen dubium. It might belong to

a metoposaurid rather than a capitosauroid, as Welles & Cosgriff (1965) point

out, although this is only inferred from its stratigraphical and geographical posi-

tion.

- Mastodonsaurus silesiacus Kunisch, 1885 is a nomen dubium. It bears resem-

blance to advanced capitosaurids, such as Tatrasuchus kulczyckii or Kupferzellia

wildi, might however as well stem from a more primitive capitosauroid form such

as Parotosuchus nasutus.

- Mastodonsaurus fuerstenherganus (Meyer, 1847-55) (spelled M. fürstenhergensis

by ZiTTEL 1890, but referred to the same specimen) was assigned to a new genus

erected for it, Meyerosuchus, by Kamphausen 1989). I consider this to be a no-

men dubium, as it lacks any definitely diagnostic features; an assignment to Ste-

notosaurus or Eocyclotosaurus would be equally plausible by the structure of the

anterior palate, although these two genera are regarded as only distant relatives by

Kamphausen (1989).

- Mastodonsaurus lavisi (Seeley, 1876) is a nomen dubium, based on indeterminate

material. The associated, very fragmentary specimens, however, bear close resem-

blance to M. giganteus, especially the circum-orbital elements (Paton 1974: figs.

5, 7b).
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Fig. 9. Skull roof of Mastodonsaurus giganteus with anatomical terms mapped. Note the

differences in the geometry of sutures, such as the failure of the supratemporal to

comact the postfrontal on the right side. Figure based on SMNS 54678 (see also

plate 3).
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Capitosauroidea:

- Mastodonsaurus weigelti Wagner, 1935 is considered a junior synonym of Paro-

tosHchus nasutus (Meyer, 1858) (see Welles & Cosgriff 1956: 65).

- Mastodonsaurus sp. (Schmidt 1928) is an undiagnostic mandible fragment from

the Middle Buntsandstein of Altensteig. It does not bear any definite mastodon-

saurid features, but instead possesses additional teeth posterior to the symphyseal

tusks, which is entirely untypical of the Mastodonsauridae.

3. Comparative osteology

3.1. Cranial anatomy
3.1.1. General structure

The skull of Mastodonsaurus giganteus is one of the most attractive exhibition

items of any Triassic fossil collection. It strikes by its flatness, the elongated snout

with the threehundred teeth, and the very large orbits which suggest enormous eyes.

The skeleton reminds of a crocodile yet the structure is too different even to misguid

a layman.

Mastodonsaurus is different in many aspects from all Recent tetrapods, which is

especially apparent in the cranium. Instead, it is much closer to the primitive condi-

tion of tetrapods (Hennig 1983; Schultze & Arsenault 1985; Panchen &
Smithson 1987; Janvier 1997; Clack 1998). The main differences are found in the

palate, which characterizes the genus as an advanced temnospondyl, having wide

interpterygoid vacuities.

The composition of the skull roof is readily compared to that of Ichthyostega sp.

Qarvik 1996), with minor differences in the proportions of elements (figs. 9, 10).

The mandible is slightly more distinct from that of the earliest tetrapods, especially

in possessing a large Meckelian window on its lingual side, and in the presence of a

conspicuous retroarticular process. The palate and occiput of Mastodonsaurus clear-

ly deviate in several aspects from the plesiomorphic pattern: the pterygoids and par-

asphenoid are anteriorly separated by extensive interpterygoid vacuities, the basi-

pterygoid articulation is lost and, instead, extensive sutures exist in this region

between pterygoids, parasphenoid, and the exoccipitals. In the occiput the exoccip-

itals are the only enchondral bones, making up widely separate, paired condyles of

enormous size. The sculpturing of the dermal bones in Mastodonsaurus is also very

characteristic. This particular type of bone surface, consisting of polygonally ar-

ranged ridges, is found almost as a rule in basal tetrapods and clearly is a ground-

plan feature. Among Recent groups it occurs only in large, hyperossified anurans

and, moreover, rather frequently in crocodiles.

The skull of Mastodonsaurus has immediately apparent unique features (figs. 8, 9).

The outline of the head forms an elongated, isoceles triangle. Its margins taper fairly

continuously towards the narrow, bluntly ending snout. Irrespective of the gigantic

size of the skull, the orbital fenestrae are very large, nearing 1/4 of the skull length.

Moreover, the outline of the orbit is ir-regular in forming an elongated oval which is

markedly pointed anteriorly (Meyer & Plieninger 1844; Fraas 1889). A similar

orbit shape occurs only in distant taxa such as baphetids (Beaumont 1977) and pro-

colophonids (Ivachnenko 1987). Consequently the jugals, postfrontals, and pre-

frontals cover much smaller areas than in related taxa. Mastodonsaurus is further pe-
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culiar in the large extent of skeletal ossification. This concerns most regions of the

cranium, including the braincase. The neurocranium of Kupferzeil Mastodonsaurus

is beautifully preserved and thanks to the attentive treatment by the preparators at

Stuttgart it offers a unique possibility to study the complete cranial osteology.

The threedimensional structure of the skull is very characteristic. In contrast to

most other capitosaurs, the orbits are not raised above the flat skull table. The height

of the skull increases continually but only very slightly from the snout to the occi-

put. Squamosals and tabulars comprise the most elevated regions of the head. On top

of the skull table proper there is almost no relief, with the exception of the anterior

part of the supratemporals where a weak depression may be found in some speci-

mens. Besides sculpturing, the only relief is produced by the wide supraorbital sulci

of the lateralis System.

3.1.2. Skull roof

The skull roof is throughout made up of very thick dermal ossifications which con-

tact one another by means of complex, serrated sutures. The sculpturing is intense and

frequently overprints these sutures, although co-ossification remains the exception

(figs. 9, 11). Overprinting by sculpturing is the main reason for the difficulty to find

most sutures in the Gaildorf specimens, a fact which had long precluded a comparison

o{ Mastodonsaurus giganteus to other labyrinthodonts. Meyer (1847-55) and Fraas

(1 889) gave provisional images of the proportion of the skull roofing elements which

they probably gathered from irregularities in sculpturing. Meyer's illustration is fair-

ly diagrammatic yet generally sound (1847-55: pl. 61, fig. 4), whereas Fraas' (1889:

fig. 1) Interpretation of the posterior skull table departs clearly from the Situation

found in the Originals. In the Kupferzell material practically all sutures can be studied

in great detail. The cranial anatomy of Mastodonsaurus giganteus provided here there-

fore relies predominantly on material from this locality.

Transsection reveals that the dermal bones of Mastodonsaurus contain countless

tiny pores and Channels. Bystrow (1935) studied sections of Benthosuchus bones

and carefuUy described a similar Situation in that comparatively small capitosaur.

Characteristically the pores occur in the lower two thirds of the dement, whereas

the Upper, most shallow portion consists of numerous parallel sheets of bone. These

uppermost layers produce the prominent sculpturing ridges by means of intensified

growth at discrete points. Following Bystrow, the pores are arranged in a complex-

ly internested channel System. He distinguished several types of Channels which are

also observable in the various specimens from Kupferzeil. The arrangement of the

pores is most characteristic as it corresponds with the sculpturing pattern: foramina

occur in the pits and grooves mainly. The deepest part of each of these grooves usu-

ally contains a large pore, and in elongated grooves there is a whole series of pores of

different size.

Preservation

The skull roofing elements are throughout very well preserved in the Kupferzeil

material. The sculpturing is uncrushed and not affected by wearing such as some ex-

posed palate elements were. Only in one specimen the skull roofing bones have a

surface apparently affected by dissolution. This specimen was found "palate-up" in

the grey marl with the skull roof sticking to the bottom and the occiput being un-
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trematosauroid stereospondyls
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saurus
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Mr<

Mastodon-
saurus

Kupfer-

zellia

Cycloto-

Fig. 10. The skull roof in selected temnospondyl amphibians, not to scale. Throughout the

group, the number of dermal bones and the general pattern of sutures is remarkably

conservative, although there is a wide ränge of proportions. All diagrams are based

on personal observations.

crushed. Among the occipital dermal bones, compaction has resulted in a displace-

ment of tabulars and postparietals against the exoccipitals. Sometimes the columnae

verticales and the paroccipital processes are also entirely mashed, leaving a com-

pletely fragmented, anatomically unresolvable fabric. Three major types of mechan-

ical destruction are observed in skull roofing bones.

1. Major fractures with large-scale displacement of fragments but preservation of

most anatomical details:

- transverse fractures in the long elements of the snout (frontal, nasal, lacrimal);

- squamosal and tabular with radial fractures whose origin being in the most ex-

posed areas;

- displacement along sutures occurs only in the most exposed areas (tabular,

postparietal, or in marginal elements which connect skull roof to palate (jugal,

maxilla, quadratojugal).
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2. Fine fractures:

- oblique fractures arranged in various Systems that overcross one another affect

most dermal bones.

3. Distortion of dermal bones:

- tabular and squamosal (surrounding squamosal embayment);

- vertically oriented parts of dermal elements (lamina ascendens pterygoidei,

lamina descendens squamosi);

- well-ossified ventral parts of tabular and postparietal contacting processes of

exoccipital (columna verticalis, paroccipital process);

- dorsal process of jugal rotated into a steeper angle with the palatal plane.

Taphonomy

Taphonomic evidence is mainly gathered from finds of isolated skull roof bones

and the record of partially disarticulated specimens (e.g. SMNS 80913). The collect-

ing of taphonomic data at the excavation site was constrained by the short time

interval in which excavation was possible. The amount of excellent material recov-

ered and the possibility to collect numerous taphonomic data from the finds them-

selves, however, are nevertheless a most lucky and highly exceptional Situation.

The most likely areas to fall apart in the skull roof of Mastodonsaurus are accord-

ingly the cheek and tooth-bearing margin. On the contrary, the posterior skull table

appears to be the most stable region. This is not clearly apparent from the topogra-

phy of sutures, but was controlled by the binding effect of the braincase which is at-

tached at several points to the median roofing series and the supratemporal. In the

snout region the median series also is the most stable region. The premaxillae, nasals,

and frontals are often found in concert, whereas lacrimal plus maxilla and prefrontal

more easily disintegrate. Lacrimal, maxilla, and palatine together make up another

fairly stable unit, whereas the jugal and postorbital very often are dislocated. These

data are preliminary conclusions from ongoing studies on the body of taphonomic

evidence available from the Kupferzeil excavation. I am indebted to Dr. R. Wild for

his comments on the settings of certain specimens, and his generous donation of nu-

merous slides which he photographed on his own during the excavation.

Premaxilla

The tip of the snout is especially well ossified. Strong tooth arcades and the olfac-

tory passage are located in close proximity to each other. The premaxilla supports

the median roofing series by a broad suture with the nasal. Its three main branches

are: (1) the dental ramus (dental shelf) which forms the tooth-bearing anterior mar-

gin of the skull, (2) the alary process that connects the skull roof with its margin, and

(3) the Processus vomeralis which connects the dental shelf to the vomer (figs. 12,

The dental shelf is ventrally entirely flat and widens medially, and on top of it the

labyrinthodont teeth are borne in acrodont fashion. The dentition is heterogenous

but generally stronger than that of other capitosaurs. The four medialmost teeth

which are arranged in a transverse row are the largest. Further posterolaterally, to-

wards the maxilla, tooth size decreases markedly. Altogether 18 to 19 teeth are

present. Their bases are elongated perpendicular to the longitudinal axis of the ar-

cade. Throughout the smaller teeth are arranged equidistantly, with the tooth bases
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almost in contact. These laterally extended tooth bases cover the dental shelf almost

completely. The surface of the shelf itself is concave transversely, a feature typical of

all marginal tooth arcades (premaxilla, maxilla, dentary). All tooth crowns are bent

lingually, irrespective of their size.

The Processus vomeralis is a posteromedian outgrowth of the dental shelf which

separates the symphysial tusks. It firmly connects the medially broadened dental

shelf to the vomer; the suture may disappear in large specimens. The width of the

Processus vomeralis is solely determined by the position of the symphyseal fangs, as

exemplified by comparison to other capitosaurs. The general structure of the snout

is not influenced by these particular differences and thus rather uniform throughout

the group. The premaxillar Symphysis is sometimes co-ossified. The processus vom-
eralis is ventrally convex and cylindrical in transverse section. Its surface is smooth
and covered only by very fine striations which supposedly trace connective fibre or-

ientation.

The symphyseal tusks of Mastodonsaurus are extraordinarily large and always

penetrate the skull roof. The position of these rather unusual fenestrations is differ-

ent among the capitosaurs possessing them. In Mastodonsaurus and Eocyclotosaurus

they sit anterior to the nares, tunnelling the alary processes, whereas in Cyclotosau-

rus they penetrate the nasals medial to the nares (Fraas 1889; Kamphausen 1989).

However, the size and proper position of these fenestrae is variable in the Kupferzeil

specimens. Their size is not strictly correlated with skull size.

Sculpturing Covers the whole alary process as well as the dorsomedial wall of the

dental shelf. It consists of a network of ill-defined, broad and rounded ridges. The
depressions increase in size towards the posterodorsal portion of the alary process.

There is a clear size difference between the sulcus supraorbitalis and the depressions

in its proximity, a feature not found in smaller capitosaurs, where a distinction

between the actual lateral line sulci and mere ornamentation is sometimes difficult

(ScHOCH 1997a).

Nasal

The nasal of capitosaurs is a very conservative dement, and in Mastodonsaurus it

is only striking by its narrowness (fig. 9). The length of the nasal and frontal is gen-

erally relatively greater in capitosaurs as compared to plesiomorphic taxa such as

Sderocephalus or Eryops (Sawin 1941; Boy 1988) and more similar to that of the ac-

tinodontid-grade Cheliderpeton and Intasuchus, and the very Rhinesuchus-like "ar-

chegosaurs" Melosaurus and Konzhukovia (Konzhukova 1955; Gubin 1984; Boy
1993; Werneburg & Schneider 1996). The tendency in capitosaurs to form a con-

servative naso-frontal suture type is further very conspicuous: the frontals are medi-

ally wedged between the nasals and converge towards a point in the midline. The na-

sals in turn are set in between the prefrontals and frontals posteriorly. Laterally they

contact the lacrimals, anterolaterally the maxillae, and anteriorly the premaxillae.

Rather unusual in capitosaurs is the long nasomaxillar suture, resulting from the rel-

atively short lacrimal.

The shape of the nasal is that of an elongated rectangle which widens in its middle

third. The sculpturing of the dement is very characteristic. It is divided into two un-

equally large areas by the wide sulcus supraorbitalis. Throughout the radially ar-

ranged ridges have their centre at the margin of the sulcus.

The anterolateral, sculptured region bears a network of small, polygonal ridges
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which are arranged radially, the centre being at the edge of the flexura medialis of the

sulcus. The sulcus supraorbitalis forms a very broad, shallow groove which has a

largely smooth surface. Only sporadically there occur small foramina, situated in

shght depressions within the sulcus. The margin of the sulcus is bordered by sculp-

turing ridges, and there is a zone immediately next to the first ridges which is cov-

ered by very fine, short stripes. Ventrally the nasal is attached to the anteriormost

ethmoid region of the neurocranium. This may eventually ossify completely, being

attached with its roof laterally to the planar inner surface of the nasal.

Frontal

The frontals of Mastodonsaurus giganteus are especially slender elements, and

clearly differ from those of all other capitosaurs by this feature (figs. 9, 10). Lateral-

ly they form the intermediate part of the orbital rim, separating the prefrontal and

postfrontal to an extent untypical even of capitosaurs. Because of the enormous size

of the orbits the frontals are laterally slightly constricted. In their median extension

they are markedly longer than the nasals and thereby the longest bones of the medi-

al series. Their shape is that of elongated rectangles, the sutures with prefrontals be-

ing largely serrated and irregulär though. In many specimens the frontal reaches well

double the length of the parietal, by which the species differs clearly from Heptasau-

rus. The frontal contacts the nasal anteriorly, the prefrontal along its anterolateral

margin, the postfrontal posterolaterally, and the parietal posteriorly. Typically, the

anterior frontal sutures converge towards the midline, where their anteriormost ex-

tension is reached. This converging is, however, subject to Variation, interestingly to

a larger degree than it is in other capitosaurs.

Sculpturing on the frontal is dominated by long and slender ridges, as well as the

very impressive supraorbital canal of the lateral sense. The latter is relatively very

wide, about half the breadth of the frontal itself, and slightly increase in width ante-

riorly. Its course parallels the medial rim of the orbit, therefore bending anterolater-

ally in the posterior third of the frontal.

The ventral surface of the frontals forms a plane and is nearly smooth, with the ex-

ception of faint traces left by the attachment site of the braincase. This contact is su-

tural in most specimens and maximally continuous along the entire width and length

of the sphenethmoid. There are no descending processes formed by the frontals,

such as typical of the parietals throughout capitosaurs, or on the frontals such as in

Cyclotosaurus rohustus (Fraas 1913). The sphenethmoid always expands over al-

most the entire width of the elements in the interorbital region. Anteriorly, the ex-

tension of sphenethmoid ossification varies considerably, but roughened ventral sur-

face of the frontals suggests a tight contact to the braincase irrespective of its State of

mineralization.

Parietal

Mastodonsaurus is characterized by an elongate parietal which exceeds the length

of the postparietal and prefrontal by far. This is most uncommon among capitosaurs,

but an abundant feature in plesiomorphic temnospondyls (figs. 8-10). In contrast to

all these, the frontal and nasal of Mastodonsaurus are still distinctly longer than the

parietal. In most specimens it contacts the following bones: the frontal anteriorly,

the postfrontal anterolaterally, the supratemporal laterally, and the postparietal pos-

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



SCHOCH, MASTODONSAURUS GIGANTEUS 35

teriorly. In addition, a common suture with the postorbital may eventually be estab-

lished in cases where the postfrontal is posteriorly small.

The Position of the pineal foramen is in the posterior third of the parietal which is

an unusual feature for capitosaurs, and advanced temnospondyls in general (Shish-

KiN 1973). This posterior position results from the relative elongation of otic, late-

rosphenoid, and epipterygoid regions in the endocranium. By this, Mastodonsaurus

giganteus differs from other basal tetrapods with a similarly elongated parietal, such

as the Colosteidae, Trimerorhachidae, and Brachyopidae (Watson 1956; Shishkin

1973;Smithson 1982).

Like in other medial elements, the sutures with the lateral neighbours and the me-
dial counterpart are generally smoother than those with the anterior or posterior ele-

ments. Ventrally, the parietal is attached to the middle part of the roof of the sphen-

ethmoid. This is accomplished by means of elongated sagittal crests that are borne

by the otherwise smooth ventral side of parietal.

Postparietal

The postparietal is one of the morphologically most invariable elements in ca-

pitosaurs. It differs largely in its relative size, but hardly varies in morphology (fig.

10). It forms the posteromedial edge of the skull roof, connecting to the exoccipi-

tal by means of a slender descending outgrowth, the lamina supraoccipitalis. The
roofing part is roughly quadrangular in outline and exceeds only slightly the width

of the parietal to which it connects by an externally variably shaped suture line.

The supratemporal also shares a variable, but in general rather short suture with it

which is straight, and finally the relatively large tabular connects to it by means of

a serrate suture posterolaterally. Finally the posterior margin of the skull roof is

clearly concave in dorsal view, which is a widespread feature among temnospon-

dyls.

Ventrally, the columna verticalis (exoccipital) firmly connects to the rather short

descending process of the postparietal. The occipital part of the postparietal is very

well ossified and slopes posteroventrally, being markedly thickened in medially. The
whole occipital area is very much roughened, suggesting fleshy insertion of epaxial

musculature. The dermal sculpturing consists of equally-sized, quadrangular poly-

gons, which fail to connect to those of the neighbouring elements. The internal side

of the bone is smooth except for the ventral suture surface of the processus supraoc-

cipitalis.

Lacrimal

The lacrimal bridges the long space between the jugal and the anterior part of the

snout, connecting the maxilla with the nasal and the prefrontal. It bears the supraor-

bital and infraorbital canals of the lateralis System, which are of huge size in this re-

gion (figs. 8, 9). Most of the dorsal surface of the lacrimal is in fact dominated by the

impressions of these canals, so that only a small area in the posterior corner is sculp-

tured in the typical way. The lacrimal does neither border the orbit nor the naris. It

connects, however, to the palatine by means of a short and stout column, which

tightly connects the palatine tusk region to the roof. This column has not been re-

ported in other capitosaurs and may be a particular device of this genus or species,

whose snout region is among the most flattened in temnospondyls.
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Unlike the prefrontal, this bone does not differ in morphology or size as com-

pared to other capitosaurs. It is about as long as the prefrontal, and only slightly nar-

rower than the nasal. The contact to the latter comprises about , of the entire length

of the bone. The lateralis canals occupy each about half of the width of the bone,

whereby the supraorbital canal is straight though widens anteriorly, and the infraor-

bital canal curves in sigmoid fashion to give the flexura lacrimalis.

Prefrontal

The huge size and anterior extension of the orbital fenestra affects the posterior

morphology of the prefrontal, whereas the anterior portion does not differ from the

general structure of other, narrow-snouted capitosaurs (figs. 9-10). The dement is

however, most different in proportion from that of typical capitosaurids and ben-

thosuchids. As pointed out before, the preorbital region of Mastodonsaurus is much
abbreviated with respect to other genera, and this is most obvious in the prefrontal.

The peculiar shape of the mastodonsaur skull is particularly due to the unique struc-

ture of the prefrontal region: moderately wide mid-level, very large orbits, and a nar-

row yet rather short snout.

The prefrontal wedges in between the medial and marginal series of the skull roof,

and in Mastodonsaurus giganteus is basically a triangulär element with a pronounced

posterior indentation. The latter has the shape of an isoceles, wide triangle, making

up 1/3 of the orbital window. In particular the posterior margin is much thickened

and the area immediately anterior to this is the most elevated and clearly sculptured

region. The supraorbital canal passes right through the imaginal centre of the bone.

Thereby the canal widens conspicuously and carves into the otherwise markedly

sculptured, planar dorsal surface of the bone. The canal leaves the prefrontal in its

anterior third laterally to run through the lacrimal, and the suture between these Cle-

ments abruptly curves in medial direction at this point. The internal side of the pre-

frontal is smooth with the exception of the rim of the orbital window that may be ce-

vered by fine stripes in some specimens. In addition in the posterior third of the ele-

ment, there is a deep groove which runs and deepens anteriorly, finally terminating

in a large foramen.

Postfrontal

The postfrontal is widely separated from the prefrontal (which it contacts in all

plesiomorphic capitosaurs and temnospondyls in general), and this to an extent un-

paralleled among capitosaurs (fig. 10). The element forms part of the posteromedial

border of the orbit, and it wedges in between the postorbital, supratemporal, and pa-

rietal. In few cases a failure to contact the supratemporal is observed, and the parie-

tal then has a moderately long suture with the generally large postorbital. The shape

of the postfrontal is constrained by the narrow skull, the large orbit, and the rather

long postorbital skull table to which it contributes only a minor component though.

It forms an elongate oval or rectangle, does not constrict the parietal anteriorly, and

forms at best half of the concave posterior border of the orbital window. The sculp-

turing is overprinted rather than interrupted by the supraorbital canal which is very

weak and frequently terminates before it leaves the bone posteriorly. It consists of

asymmetrical polygons which open posterolaterally and converge towards the orbi-

tal rim. The internal face of the bone is smooth, but may carry a weakly developed

depression in the posterior part.
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5 cm

Fig. 11. Two dermal skull roofing elements of Mastodonsaurus giganteus, the postorbital

(above) and supratemporal (below). The pronounced ornamentation on the dorsal

surface (left side) is typical of bones and osteoderms growing in a relatively shallow

Position within the dermis. The inner or ventral surface is smooth with the excep-

tion of muscle scars and foramina for nutritive vessels, nerves, and tendons.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



38 STUTTGARTER BEITRÄGE ZUR NATURKUNDE Ser. B, Nr. 278

Postorbital

This is the dominant element in the postorbital region (figs. 8, 9). It is much long-

er than in many other capitosaurs, and its structure differs significantly from that

figured by Fraas (1889), to which most authors referred. The shape of the bone is

more like in Eryosuchus or Benthosuchus than in most Parotosuchus species or Cy-

dotosaurus. It attains the outline of a nearly symmetrical pentagon with the symme-
try axis orientated roughly sagittally.

Unique for Mastodonsaurus giganteus though is the length of the postorbital; it

deeply wedges in between the supratemporal and squamosal. Shishkin (1980) was

mistaken in assuming that there was no anterolateral process of the postorbital,

which may indeed be very pronounced in this species; his Interpretation relied on

the false illustration of Fraas (1889).

The sculpturing is arranged radially, consisting of distally widening and enlarging

polygons. Instead the orbital rim is thickened and has a marked slope towards inside

the orbit. The internal side of the bone is mostly smooth.

Supratemporal

The supratemoporal Covers one of the most variable regions in the temnospondyl

skull roof, but unlike more plesiomorphic genera [e.g. Sderocephalus, see Boy (1972,

1988)] there is never an additional element (intertemporal) present. However, the

bone may eventually fail to contact the postfrontal (fig. 9), a Situation sometimes

found in temnospondyls for which individual Variation is known (Boy 1972). The
supratemporal is peculiar in being remarkably narrow and proportionately small in

Mastodonsaurus. Generally it has an asymmetric-hexagonal shape, with straight and

unserrated sutures. The dermal sculpturing is well-defined. It consists of radially ar-

ranged polygons that tend to be elongated anteriorly, and which are strongly devel-

oped at the suture with the postorbital, overprinting the latter frequently. The tem-

poral canal of the lateral sense is variably expressed, but in any case terminates slight-

ly posterior to the central point of the bone. On the ventral side, the supratemporal

bears a transverse ridge in its posterior third, and in addition to this several pores or

larger foramina may be present. The anterior part of the bone has sometimes a weak

depression on the internal side.

Ta b u 1 a r

This element forms the well-ossified posterolateral cornerpiece of the skull table,

and it holds a key position regarding the architecture of this region. It contacts the

squamosal anteromedial to the otic notch by means of a broad and serrated suture

(fig. 9). The contact with the supratemporal is straight, whereas that with the post-

parietal varies but often is markedly curved and serrated. The tabular never contacts

the squamosal posterior to the otic notch (as it does in Cydotosaurus, Eocydotosau-

rus, and various other capitosaurs), largely because of the poorly developed crista

falciformis. The distal end of the tabular is, however, very strongly ossified and of

stout appearance, and in contrast to most plesiomorphic capitosaurs is directed lat-

erally rather than posteriorly (cf. Benthosuchus, Wetlugasaurus, Parotosuchus nasu-

tus, P orenburgensis, etc). It resembles dosest the tabular in Parotosuchus pronus and

Eryosuchus garjainovi, but in Mastodonsaurus may be highly variable in shape.
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The ventral side of the bone bears a ventromedially directed process, the Proces-

sus paroticus, which is blade-like, with widened anterior and posterior surfaces. It

meets the exoccipital in a broad, serrated suture, thereby binding the occipital con-

dyle to the lateral corner of the roof. Medially the parotic process frames the su-

praoccipital fenestra, which in Mastodonsaurus is very high and roughly triangulär.

The ventral surface of the tabular is complicated, being roughened especially in the

area posterolateral to the base of the parotic process. Anterior to this base, which

terminates in a sharp crest (crista tabularis externa), there is a large muscle impres-

sion.

Maxilla

The maxilla forms a large, completely dentigerous shelf bearing in between 85 and

100 throughout uniform teeth. For most of its length it is narrow and rather thin,

with a convex dorsolateral surface and a flattened dentate shelf. The suture to the ec-

topterygoid and palatine is set in a marked and broad furrow that corresponds with

the tooth arcade of the dentary. The tooth shelf in particular is remarkably thin, and

posteriorly forms a sheet borne by the jugal ventral process and the quadratojugal

(fig-13).

The maxilla makes a well-defined contribution to the skull roof, especially anteri-

or to the lacrimal, where it contacts the nasal. Further it borders the naris posterolat-

erally, although this part is overgrown by the dermal portion of the septomaxilla.

There the maxilla contacts both the palatine and vomer, in the choanal region slight-

ly broadening medially on the palatal side. For most of its length it forms the lateral

rim of the skull, and by its structure and sculpturing (fine ridges only) it is distinct

from all other roofing elements. It contacts the quadratojugal posteriorly, but often

the immediate contact zone is broken.

The teeth are for most of its length of almost similar size and morphology. The

tooth bases are characteristically anteroposteriorly compressed, giving flattened an-

terior and posterior surfaces. Obviously this is a device to gain a very dense tooth ar-

cade. The tooth crowns are only very slightly bent medially, and are of conical shape.

Carinae, such as described for Cyclotosaurus hemprichi (Kuhn 1941), are not ob-

served.

Jugal

A most characteristic dement in the skull roof of Mastodonsaurus giganteus is the

jugal, which has a concavely curved lateral margin, where it slopes towards the max-

illa. It medially borders the large, oval orbital window (fig. 9). In transverse section

the bone is convex towards the lateral side, with the dorsal and roofing part being a

laterally slightly sloping plate. The jugal wedges in between the maxilla and palatine

(and ectopterygoid, respectively) on the ventral side, and further forms the posteri-

or edge of the marginal tooth arcade (fig. 13). The dentigerous, rather thin-walled

elements are framed by this ventral process of the bone, and it has even a well-de-

fined, ventrally triangulär face on the palatal side.

Squamosal

The cheek is amongst the most elevated and strongly ossified regions in the head,

a part which is largely formed by the squamosal. This dement gives the posterior
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skull its characteristic shape (fig. 9). It connects the skull table to the margin, forms

the largest part of the roof of the upper adductor chamber, and its posterior slope

helps supporting the musculature of the neck and/or the depressor mandibulae. Its

most elevated region is the posterior margin and the squamosal embayment (otic

notch), of which it forms about one half. The posterior rim bears a pronounced

crest, the crista falciformis. This is most similar to Parotosuchus nasutus and Eryosu-

chus garjainovi in not being posteriorly much extended and therefore far separate

from the tabular. However, this is a condition which underlies particular develop-

mental change, and the otic notch may near closure in large specimens. The resulting

morphology is, however, quite different from that of Cyclotosaurus or similar forms.

The sculpturing of the squamosal is arranged radial from the frame of the otic

notch, and the polygons tend to increase in length thereby. In addition, the ridges

tend to become thinner yet higher distally, and are confluent with similar such ridg-

es on the jugal, quadratojugal, and postorbital. In the whole anterior cheek region it

is often difficult to identify the sutures because of this strong overprinting. On the

ventral side the roofing part of the squamosal is roughened in several areas, especial-

ly posteriorly near the apex of the strongly convex, elevated region. The posteriorly

sloping occipital portion is formed by the lamina ascendens of the squamosal, which

is thin-walled and overlaps the pterygoid and quadratojugal ventrally.

Quadratojugal

The subtemporal window is laterally framed by the quadratojugal, which forms

the posterolateral corner of the skull roof and integrates the quadrate trochlea into

the framework of the palate, cheek, and occiput (figs. 9, 13). The quadratojugal is

very massive and quite tightly set in a frame made by the jugal, squamosal, and pter-

ygoid. It has only a minor occipital component that is significantly overlapped by

the squamosal, but forms out a stout ventral process that abuts laterally against the

quadrate. This process thins anteriorly where it curves to parallel the skull margin

and finally merges into the main plane of the dement anteriorly. Posteriorly, on the

occipital face, the quadratojugal is pierced by a large paraquadrate foramen, and

there again the lateral margin bears a prominent crest.

The sculpturing is of a similar type as that of the squamosal and jugal, and the cen-

tre of divergence is at the lateral margin of the roofing portion of the bone. The

internal side reveals the large degree of overlapping by the squamosal, but is other-

wise rather smooth. The subtemporal window is bordered laterally completely by

this bone, which tends to curve convexely, especially in the largest specimens. The

quadratojugal transsects the palatal plane, and terminates in a bulge lateral to the

subtemporal fenestra. There is no contact to the maxilla, a feature found among most

capitosaurs and paralleled in several other, more distant basal tetrapod clades.

Orbital windows

The Orbits of Mastodonsaurus giganteus have long been known to be of peculiar

size, morphology, and structure (Meyer & Plieninger 1844; Fraas 1889). The

length of these windows is about , skull length, and their shape is long-oval with a

pronounced anterior, triangulär extension (figs. 1, 8, 9). Paton (1974) was mistaken

in stating that this anterior extension was an artifact of preparation in the Gaildorf

specimens, a fact proved by the Kupferzell material.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



SCHOCK, MASTODONSAURUS GIGANTEUS 41

m

septo-

maxilla

Fig. 12. Two growth stages of the preorbital region in Mastodonsaurus giganteus. The septo-

maxilla has two portions, a lateral one which participates in the bordering of the nar-

is, and a medial and internal one, which supported the narial duct as in Recent Sala-

manders.

Because of the huge size of these Windows, the morphology of the bones anterior,

lateral, and medial to the orbits is partially significantly different from that of other

capitosaurs. In particular, the prefrontals are much shorter posteriorly, the jugals and

frontals are very narrow. The rim of the window is unsculptured and thickened. It

may be entirely smooth or covered by numerous fine stripes.

The paradox that the cranial morphology of Mastodonsaurus appears immature

though the species is larger than any other temnospondyl has often Struck scientists.

The notion of such an immature morphology (e.g., large eyes in small skulls, which

make surrounding elements appear rudimentary and juvenile) is sometimes trans-

ferred to large animals which have a similar morphology for entirely different rea-

sons.

Naris and septomaxilla

The nares of Mastodonsaurus giganteus are proportionately relatively small,

which is expectable from the large size of the skull. They are widely separated, sit-

ting close to the margin of the skull, but slightly more posterior in position as com-
pared to most other capitosaurids (fig. 12). The outline of the naris is very character-

istic in being longitudinally oval with slightly pointed anterior and posterior ends.
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The posterolateral portion may be slightly extended in most specimens, a feature

found in Wellesaurus, Kupferzellia, and Cyclotosaurus, as well (Welles & Cosgriff

1965; ScHOCH 1997a).

As the snout is very much flattened, the naris forms only a slit (in transverse sec-

tion) which leads into the very narrow and straight narial ductus. This passage is me-

dially and ventrally constricted by the thickened roof for the vomerine tusk sockets.

The ductus consequently narrows to one half of its anterior diameter and curves

markedly laterally to end in the small, rounded choana proprieta, which then opens

ventrally towards the reniform choana palatalis. There is no trace of an ossified na-

sal capsule, and also no attachment site for parts of the cartilaginous capsule are

found. In any case the whole structure of the narial region suggests that the nasal

capsules were underdeveloped with respect to most temnospondyls, and especially

if compared with apparently terrestrial and lung-breathing forms as Eryops (Sawin

1941), Zatrachys (Boy 1989; Schoch 1997a).

Surprisingly though, a definite septomaxilla is present in the naris of Mastodon-

saurus giganteus. It is integrated into the dermal skull roof at the posterolateral rim

of the naris, where it forms a concave-convexe stripe of well-sculptured bone (fig.

12). This dement has a posteromedial process which points into the narial passage.

This process is very thin and narrows medially, and is only present in larger speci-

mens. It is unclear whether it actually floored the passage (which is suggested by

preservation) or pointed, in half upright posture, into the otherwise unossified part

of the narial duct.

Review on the structure of the skull roof

The skull of Mastodonsaurus is composed of extraordinarily massive, planar Cle-

ments which differ considerably in size but are throughout similar in thickness.

There is only one temnospondyl genus with a comparable amount of ossification at

nearly the same size, namely Eryosuchus from Kazakhstan (Ochev 1966, 1972; pers.

exam).

The arrangement of sutures partially matches the topography of the endocranium

(figs. 19-20). In addition, the proportions of the medial and temporal series are cor-

related with those of the otic, epipterygoid, and sphenethmoid ossifications. This is

important for comparing the cranium with those of other capitosaurs in which the

braincases are sufficiently known. The posterior rim, formed by postparietals and

tabulars, is thickened and forms a descending occipital lamella.

The sutures are tight due to a pronounced serration along all spatial axes: the

superficially visible suture is continued into the depth to interfingering bone layers

of both Clements (fig. 11). The result is an entirely akinetic cranium, a condition

which is clearly derived among early tetrapods.

Mastodonsaurus has an overall very flat skull which lacks a pronounced slope an-

terior to the Orbits. It is most similar to the capitosaurids Wellesaurus peabodyi

(Welles & Cosgriff 1965), Eryosuchus garjainovi (Ochev 1972), and Parotosu-

chus pronus (Howie 1970) in this respect, and it differs clearly from that of Cycloto-

saurus, all other Parotosuchus species, Eocyclotosaurus, and Benthosuchus (Bystrow

& Efremov 1940).
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Fig. 13. The skull of Mastodonsaurus giganteus in ventral view (SMNS 54675). Characteris-
tic are the two dental arcades, the large tusks in the anterior palate, and the strongly
sutured and elongated basicranium.
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3.1.3. Palatal dermal elements

The structure of the palate of Mastodonsaurus is in all aspects that of what has

been conceived an advanced capitosaur (Romer 1947; Watson 1951, 1962). The

interpterygoid vacuities are very large, having more than half the skull length and to-

gether two thirds the skull width (figs. 13-14). They do not completely match the

Position of the orbits, because they are constricted by the stout palatine rami of the

pterygoids posterolaterally. The cultriform process of the parasphenoid is narrow

and rather weakly ossified.

Jaw articulation, occipital condyles, braincase, and marginal tooth arcade are to be

firmly integrated by the palatal dermal bones. A predominant role in this context

play the parasphenoid and pterygoids (fig. 13). As the occipital and quadrate con-

dyles are extraordinarily massive in larger capitosaurs, the pterygoids and para-

sphenoids tend to be very stout in these.

The dentition of the mastodonsaur palate is especially generalised and uniform. It

consists largely of two parallel rows which roughly indicate the gape of the animal.

The outer row is formed by the teeth of the maxilla and premaxilla and contours the

outline of the snout. It is separated from the inner row by a narrow groove posteri-

orly and by the choana and the symphyseal tusks anteriorly. In two regions a spe-

cialised tooth pair of the inner row grows to large size to form palatal fangs. These

are situated posterior and anterior to the choana. Besides the described tooth arcades

there are no tooth-bearing regions. The ventral surfaces of the pterygoids and para-

sphenoid which in many basal tetrapods are vaulted and dentigerous, are instead

smooth and flattened in Mastodonsaurus.

Preservation

The palate is usually somewhat more affected by compaction than the skull roof.

This does however not concern the teeth which generally are neatly preserved in situ

in upright position and without major fractures. Empty tooth sockets are obviously

not the result of taphonomic decay. There are basically two types of significant

preservational bias affecting the palate of Mastodonsaurus in the Kupferzell materi-

al:

1. Major fractures have lead in certain well-defined regions to slight displacements

of structural units. Such fractures occur in the following regions:

- transversely in the posterior third of the basal plate of the parasphenoid (and

sometimes the quadrate ramus of the pterygoid);

- obliquely in the palatine ramus of the pterygoid (close to or along its suture with

the ectopterygoid);

- transversely in the cultriform process (in various regions, but most frequently

transversely along its contact with the basal plate);

- obliquely along the sutures of the quadrate trochlea, tending to isolate this struc-

ture;

- transversely in the narrowest regions of the palatine;

- along the suture between maxilla and palatine and ectopterygoid.

2. Dissolution is rare and confined to the most exposed regions such as the sagit-

tal crest of the parasphenoid. This crest frequently appears to have been "worn off"

for still unclear reasons. As the preparation was carried out throughout very cau-

tiously, an early diagenetic partial dissolution of bone seems to be more probable.
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Mastodonsaurus Sclerocephalus

Balanerpeton Trimerorhachis

Fig. 14. Palates of selected temnospondyls, exemplifying the proportion of the pterygoid,

parasphenoid, and interpterygoid vacuities. Not to scale. Balanerpeton and Trime-

rorhachis are primitive forms, which have large pterygoids and extensive tooth

patches on the palatal elements. Sclerocephalus is a stem-stereospondyl, representing

a moderately advanced temnospondyl condition. Mastodonsaurus is an extreme
Variation of the latter, with a strongly ossified and akinetic skull.

Except for one skull, all crania were found in roof-up position, with the palate stick-

ing in a slightly more finegrained layer. The preservation of fine structures such as

sutural surfaces, attachment sites for cartilage and musculature, and nutritive forami-

na is nevertheless throughout excellent.
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Vom er

The ventral snout region is dominated by large tusk pairs of vomer and dentary,

an almost continuous row of small "circum-vomerine" teeth, and the palatine tusks

(figs. 13, 15). This is the typical condition throughout capitosaurs; somewhat similar

situations are found in Ichthyostega Qarvik 1996: fig. 25) and Trimerorhachis (Gase

1935); see fig. 14. Mastodonsaurus is pecuhar among capitosaurs in having extreme-

ly large fangs whose bases occupy a considerable area. Generally the tooth sockets

have about twice the size of those in other large capitosaurs. The only exception is a

still undescribed giant Eryosuchus-X\V.e form from Kazakhstan (M.A. Shishkin,

pers. comm).

The vomer is the main supporting structure of the snout floor, firmly connecting

the tooth-bearing margins of the skull to the ossified floor of the braincase (para-

sphenoid). The choana, a small, slit-like internal opening of the olfactory passage, is

wedged in between the giant fangs of palatine and vomer sagittally and between the

maxillar and vomerine tooth arcades transversely. The vomer is a long-rectangular

plate which increases in thickness anteriorly. It contacts the following elements: the

premaxilla anteriorly, the maxilla laterally, the palatine posterolaterally, and the cul-

triform process (parasphenoid) posteriorly. The latter contact is established by

broad posteromedial processes (pr. parasphenoidales) that form a frame into which

the parasphenoid is set in firmly. In Mastodonsaurus the processus parasphenoidales

do not unite in the midline, so that the cultriform process is exposed ventrally. This

is the condition found throughout true capitosaurids (sensu Romer 1947), i.e. ex-

cluding Benthosuchus, Wetlugasaurus, and the Trematosauridae (Bystrow & Efre-

Mov 1940). The parasphenoid hence separates the vomers in the midline up to the

dentigerous region at their anterior rim where they meet in a tight suture. The ex-

posed area of the cultriform process characteristically forms a countersunk, anteri-

orly deepening drain (fodina vomeralis). This drain bifurcates as it enters the canal

formed by the vomers. It is bordered by a thickened margin of the vomers that may
eventually form a shallow bulge. Further, the canal ends shortly anterior to the

transverse vomerine tooth row in a single exit foramen. The median suture between

the vomers, which is established along only 1/3 the whole length of the vomers, is

serrated and sometimes even co-ossified. The parasphenoid process is thick at its

base and compressed-oval in cross-section, but narrows posteriorly to form a thin

sheet which moves into a more steep angle relative to the palatal plane as it nears its

posterior end.

The symphysial tusks of the dentary are framed by an anteromedial and an ante-

rolateral process of the vomer. The former (pr. fenestralis) contacts the posteromedi-

al process of the premaxilla (pr. vomeralis), whereas the latter (pr. subnarialis) binds

the vomer tightly to the medial wall of the premaxillar dental shelf (fig. 15). The

aperturae praemaxillares are entirely separated by vomer and premaxilla whose su-

ture is longer than the diameter of each of the aperturae. The anterior rim of the

vomers is massive and declines gradually from the base of the transverse tooth row
towards the apertural region. The latter is most similar to those of capitosaurids

{Parotosuchus, Eryosuchus, Cyclotosaurus) in the morphology of the transversely el-

ongated depression in which the aperturae proper are situated.

The ventral surface of the bone is flat and covered with numerous pores occurring

in a broad string that runs medial to the circumvomerine tooth arcade. These pores
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Fig. 15. Anterior portion of the palate in Mastodonsaurus giganteus (SMNS 54678). The
large symphyseal tusks penetrated the premaxillae through paired openings anteri-

or to the vomerine tusks. A second row of teeth, internal to the premaxiHar-maxillar

dental arcade, is a characteristic feature of most stereospondyls. In Mastodonsaurus
the contrast between the tiny marginal teeth and the giant tusks is conspicuous.

open posteriorly, suggesting an intense vascularization of the base of the tooth ar-

cade. The cultriform process further overlaps the vomer dorsally, reaching almost up
to the fenestral process. It sits in a depression on the dorsal side of the vomer such as

known in Benthosuchus sushkini (Bystrow & Efremov 1940: fig. 8). The dorsal

surface of the vomer is otherwise smooth and without clear relief.

The vomerine tusk pair is situated at the anterolateral corner of the ventral side of

the vomer, next to the region where vomer, premaxilla, and maxilla meet. The long

axes of the tusk bases are oriented perpendicular to the long axis of the vomerine

tooth arcade. This suggests that the large fangs are developmentally a derivate of the

proper vomerine tooth arcade and have just greatly become enlarged. The vomerine

tusks are larger than those of the palatine and only slightly smaller than the dentary

symphyseal tusks. They occupy half the anterior width of the vomer. The rims of

their empty sockets are slightly elevated, and the vomer is dorsally fused to the lac-

rimal in this region.

The circumvomerine tooth arcade consists of (1) a transverse row of 10-11 small

teeth (dentes postfenestrales), (2) the tusk pair, (3) a sagittal row of 15-17 small teeth
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(dentes parachoanales). The postfenestral and parachoanal tooth rows bear the

smallest teeth in the jaws of Mastodonsaurus. They are uniform, equidistant, and

have medially and posteriorly bent crowns. Their tooth sockets are sHghtly raised

above the vomerine surface, and the postfenestral tooth row has a straight, well-de-

fined base raised above the flat surface of the vomer.

The sutures with the premaxilla and maxilla run lateral to the vomerine tusks,

w^here the latter two bones contact at about midlength. The vomero-maxillar suture

converges posteromedially towards the rim of the choana. Finally the suture with

the palatine is curved and relatively longer than in the more plesiomorphic capito-

saurids, separating the palatine from the vomerine parachoanal tooth rows, it first

runs posteriorly and then bends medially where the palatine forms the entire antero-

lateral rim of the interpterygoid vacuity, finally abutting against the parasphenoid

process of the vomer medially.

Choanal region

In plesiomorphic genera such as Lydekkerina, Benthosuchus, or Weüugasaurus

the choana forms an elongate oval, situated between the vomerine and palatine tusks

and bordered by parasagittal tooth rows on both sides. In Parotosuchus the choana

is merely a narrow and long slit, whereas in Cyclotosaurus it is instead very short and

round to subcircular. Intermediate choanal shapes are possessed by Eryosuchus,

Wellesaurus, and Mastodonsaurus.

The choanal region of Mastodonsaurus giganteus is reniform with its long axis

aligned parallel to the maxillar tooth row. It is bordered by the vomer medially and

anteromedially, the maxilla laterally, and the palatine posteriorly (fig. 15). The ante-

rior end is rounded and broader than the posterior one which is constricted lateral-

ly. At least in Mastodonsaurus, two different openings have to be distinguished: (1)

the reniform rim outlined by the palatal elements at the level of their plane ventral

surfaces (choana palatalis, chpa), and (2) the proper opening of the olfactory passage

towards the dorsal portion of the snout (choana proprieta, chpr). The former is 1/3

longer than the latter and constitutes the structure usually referred to as choana in

temnospondyls. Further, the choana palatalis lies in the same plane as the ventral sur-

face of the vomer, whereas the choana proprieta is aligned with a plane clearly in-

clined towards the palatal plane. The medial frame of the choanal region is straight

vertical, thus both palatal and proprietal openings end exactly at the same medial lev-

el. Instead, the lateral and posterior walls of the choana palatalis are curved and in-

cline rather shallowly to finally form in the rim of the choana proprieta which is dis-

tinctly further anteromedial.

The morphology of the choana proprieta is similar to that in the figure Meyer
(1847-55) gave of the giant, now lost Mastodonsaurus skull from Gaildorf. The
choana palatalis is most similar to that of Eryosuchus, Wellesaurus in being only

moderately long, and it differs conspicuously from the broad choana of Kupferzel-

lia and Cyclotosaurus. In small forms such as Kupferzellia or Eocyclotosaurus, there

is no internal opening (choana proprieta) because of the low extent of ossification.

Parasphenoid

The parasphenoid is the longest and most differentiated component of the dermal

palatal ossifications. It differs markedly in thickness and structure in its various re-
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gions. By its structure it can be readily divided into two architecturally different

components: the basal plate and the cultriform process. The former is an elongated

trapezoidal plate which floors the hindbrain and auditory capsules and firmly con-

nects the pterygoids and exoccipitals (fig. 13). Its thickness increases markedly to-

wards the extensive sutures with the latter two bone pairs. The cultriform process

instead is a slender and rather delicate structure, strut-like in ventral view and rough-

ly U-shaped in trarisverse cross-section. It connects the basal plate, of which it ap-

pears to form an anterior outgrowth, with the vomer. There is, however, develop-

mental evidence according to which a separate origin of the two parasphenoidal

Units can be assumed (Lebedkina 1979; Schoch 1992).

The basal plate forms a well-ossified block in which the pterygoids and exoccipi-

tals meet; it therefore constitutes the main integrating unit in the posterior palate.

The resistance against forces from the quadrate and occipital condyles is certainly as

important as the tight contact to the floor of the braincase cartilages and bones. As
in basal tetrapods in general, the parasphenoid is almost the exclusive bearer of the

endocranium. Also primitive for tetrapods is a basicranial articulation of which the

basal plate forms part (Romer 1947; Watson 1962; Beaumont 1977; Panchen
1980; Jarvik 1996). In the plesiomorphic State there is no suture, but instead an elab-

orate Joint between pterygoid and parasphenoid. This condition is found in plesio-

morphic temnospondyls like Edops and Tnmerorhachis (Romer & Witter 1942;

Watson 1956), and may even be present in advanced forms such as Platyoposaurus

(KoNZHUKOVA 1955). Capitosaurs instead are characterised by a completely flattend

basal plate which contacts the pterygoids along extended sutures. In large genera like

Mastodonsaurus or Cydotosaurus this suture is extremely long and the morphology
of the palatal elements strongly altered with respect to other capitosaurs. Romer
(1947), amongst numerous others, stressed this and took the morphology of the bas-

icranial region as main guide in his phylogenetic reasoning. Others (Ochev 1966;

Shishkin 1980) on the contrary emphasised this region because they believed it be

subject to manifold convergences. Any of these ways, the basal plate is a predomi-

nant structure that merits special attention. Its dorsal surface is, after the study of the

braincase itself, most significant for the reconstruction of the position of endocrani-

al elements.

Mastodonsaurus giganteus possesses a particularly extended basal plate which has

elongated and very tightly fitting, partially co-ossified sutures with the pterygoids

(fig. 13). These sutures run posterolaterally, giving the basal plate a roughly trape-

zoidal outline. In the posterior fourth of its length, the basal plate extends laterally

to give an extended contact to the exoccipital. The pterygoid instead has only a short

suture with the latter. There are clear differences to Cyclotosaurus or Eocyclotosau-

rus which have superficially similar, elongated basal plates. These genera lack the de-

scribed posterolateral extension of the basal plate and instead the pterygoid contacts

the exoccipital there by means of a pronounced posterior process.

The ventral surface of the basal plate is entirely smooth and forms a marked lon-

gitudinal bowl that continues for a short distance onto the base of the cultriform

process. Such a depression is present in all capitosaurs, but is more clearly estab-

lished in plesiomorphic forms such as Parotosuchus orenburgensis. The continuation

of the depression onto the basal plate is instead confined to large genera such as Cy-
clotosaurus and Mastodonsaurus, among the advanced capitosaurs. The narrow ante-

riormost portion of the basal plate continues gradually into the base of the cultri-
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form process, its lateral margins curving faintly. The suture with the pterygoid con-

stitutes a plane that slopes weakly in lateral direction. The surface of this plane is

roughened, with numerous small interfingering processes alternating from both

sides. The large area and structure of this suture suggests a tight fitting, the result is

an entirely akinetic basicranial region. Along the posterior margin the basal plate is

firmly connected to the exoccipitals; its medialmost part slightly projects behind the

level of this suture and separates the exoccipitals. Such a posterior portion is usually

covered by paired 'muscular pockets' (Watson 1962) supposed to form origin sites

for hypaxial musculature. In Mastodonsaurus these fossae are very variable in size,

Position, and expression. In any case they are not as predominant as in most other

capitosaurs, and especially their length is minimal as compared to Parotosuchus, Ly-

dekkerma, and Rhinesuchus (Schroeder 1913; Broili & Schröder 1937a, b; Wat-
son 1962). A definite crista muscularis, that is a sharp-cut transversa edge bordering

the posterior sunk area (termed by Bystrow & Efremov 1940) is not throughout

present.

The dorsal side of the basal plate has a rugose surface and is attached to several os-

sified Units of the endocranium (fig. 18). These are, from anterior backwards, (1) the

laterosphenoid portion, (2) the basisphenoid region, (3) the otics, (4) the exoccipi-

tals, and (5) the basioccipital ossification. All of these leave well-defined attachment

areas, between v^hich the surface is markedly smoother. The basal plate itself bears a

complex System of crests and depressions, which are from posterior to anterior: (a)

the medial crista basioccipitalis, (b) the paired cristae paroccipitales, (c) the paired

cristae parapterygoideae, and (d) the paired cristae laterosphenoidales at the base of

the cultriform process. Cristae paroccipitales and parapterygoideae converge to-

wards a common point where they form a slightly raised point. This point is almost

exactly at midlength of the basal plate in Mastodonsaurus.

The well-ossified laterosphenoid region of the braincase is tightly set in the region

between the cristae laterosphenoidales, as transverse section revealed. The crests be-

come higher but thin anteriorly, keeping their width roughly. Anteriorly they bear

the sphenethmoid proper, which is not separable from the laterosphenoid ossifica-

tion. The unpaired laterosphenoid unit is easily distinguished from its ventral sup-

portings by the finer structure, the lighter colour, and the larger extent of compac-

tion. This portion of the basal plate is fairly smooth and was probably not directly

covered by cartilage. There are two pairs of foramina situated lateral to the cristae

laterosphenoidales. Bystrow & Efremov (1940: fig. 10) homologised these forami-

na as palatine ramus (the outer) and internal carotid ramus proper (the inner) of the

carotid artery. The single entrance foramen was supposed to be at the posterolateral

corner of the basal plate, anterior to the suture with the exoccipital. Shishkin (1968)

and Boy (1988) agreed with this concept by homologizing similar foramina in other

eryopoid species. In Mastodonsaurus the position of the exit foramina is very simi-

lar to that in Benthosuchus sushkini, whereas the proper entrance foramen is more

difficult to localise, and perhaps may be variable in position. The basal plate of Mas-

todonsaurus differs from that of plesiomorphic capitosaurs by its anterior extension

particularly. This is most evident by the relative position of markers, such as (1) the

crista parapterygoidea, (2) the conical recess, and (3) the internal carotid foramen.

Whereas in Benthosuchus, Wetlugasaurus, Parotosuchus, and Kupferzellia they are

arranged sagittally very close to each other, in Wellesaurus and particularly Masto-

donsaurus there is a long distance between the former two and the lattermost of
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these points. The epipterygoid, basisphenoid, and laterosphenoid regions are conse-

quently longer. The floor of the laterosphenoid region (the dorsum sellae region)

ends medial to the attachment of the basisphenoid. Whereas the former is an entire-

ly unpaired element, the latter is separated partially by it and its attachment areas on

the basal plate are far distanced. These areas are roughly triangulär, and have about

2/3 the extension of the epipterygoid cross-section at this level. The epipterygoid

does only have a very narrow attachment site on the basal plate, otherwise expand-

ing on top of the basipterygoid ramus of the pterygoid exclusively. Medial to the

epipterygoid, and slightly posterolateral to the basisphenoid, there is a short crest

which attaches to the otic ossification (the crista basipterygoidea of the otic). Thus
the epipterygoid, otic, and sphenethmoid-laterosphenoid ossifications are closely

packed in this region; whether this Situation is unique for Mastodonsaurus or simply

an expanded yet topographically otherwise primitive State is yet to be elucidated.

The floor of the auditory capsule was apparently entirely cartilaginous and at-

tached only at certain points to the basal plate. Such a contact is evident from rough

markers on the bottom of a depression bordered by the parapterygoid crest, the

epipterygoid, and the basisphenoid. This bowl-shaped depression is exactly medial

to the conical recess, forming the apex of the floor of the auditory capsule. The par-

apterygoid crests are almost straight transverse, such as in Kupferzellia and

Wellesaurus, but unlike in Benthosuchus. In Mastodonsaurus they meet in the mid-

line where they form a slightly elevated medial crest, into which the paroccipital

crests converge, as well. The cristae parapterygoideae have a rather complex surface:

strictly speaking they bifurcate laterally by Splitting into an anterior and posterior

portion. The anterior part runs strictly transverse and continues into the gradually

widening base of the epipterygoid. That means that parasphenoid and pterygoid are

indeed co-ossified in this region. The posterior part runs slightly posterolateral,

forming the posterior wall of the chamber of the stapes. Anterior and posterior parts

of the crest are separated by a laterally widening groove, out of which a prominent

boss rises close to the point of bifurcation. This is the site to which the ventral pro-

cess of the stapes is attached, as cross-section clearly shows. The crista paroccipital-

is rises from the posterior portion of the crista parapterygoidea. It widens postero-

laterally to give a large suture for the attachment of the subtympanic process of the

exoccipital.

The posterior part of the basal plate is demarcated by the prominent, anteromedi-

ally curved cristae paroccipitales which together outline a semicircle. The height of

these crests increases posterolaterally, where they form stout attachment areas for

the otics and exoccipitals. Inside this semicircle the surface of the plate forms a de-

pression (fossa basioccipitalis of Bystrow & Efremov 1940) which is sagittally

elongate and ends bluntly at the transverse posterior margin. In Mastodonsaurus this

bowl is partially subdivided by a crest that originates at the midpoint of the posteri-

or margin (where it is highest) and runs about half the length of the bowl, continu-

ally shallowing towards there. The entire surface of these crests and the bowl con-

tains grooves and ridges which converge towards the apex of the semicircle formed

by the paroccipital crests. Well-preserved specimens suggest that the entire surface

of the fossa basioccipitalis was covered by cartilage. The ossification of this cartilage

follows a pattern already known from other capitosaur genera (e.g. Eryosuchus tver-

dochlehovi, Ochev 1972). According to the topography of this cartilage a homolog-
ization with the basioccipital is rather straightforward (Sawin 1941). The first por-
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tions to ossify are the regions lateral to the crista basioccipitalis, and they may even-

tually attach to the submedullar processes of the exoccipitals. Only in some speci-

mens the extent of ossification is larger, comprising a large part of the fossa basioc-

ciptalis. Characteristically, ossification of this region is recognised as a fine cover by

a granulär substance which easily disintegrates. Only the paired anlagen lateral to the

crista basioccipitalis reach a bodily structure, rising markedly above the surface of

the bowl. These paired anlagen are very similar in shape and position to the lateral

portions of the basioccipital in Eryops (Sawin 1941: pl. 7, fig. B).

The cultriform process comprises more than 2/3 the length of the skull. It forms

the largest part of the medial border of the interpterygoid vacuities. The spheneth-

moid dement, which is variable in its extent of ossification, is completely floored by

the cultriform process. This contact is established by the cristae sphenethmoidales

which are outgrowths of the dorsolateral margins of the dement. The sphenethmoid

is set in the space ddimited by these cristae, and its side walls connect to these almost

without a visible suture.

Ventrally, the cultriform process bears a ridge which rises from the converging lat-

eral margins at about the posterior third of the length of the orbits, and persists up

to the level of their anterior end. The height and surface structure of this ridge is var-

iable, it is however clearly different from the sagittal crests present in various other

capitosaurs {Thoosuchus, Parotosuchus oreburgensis, Eocyclotosaurus, Cydotosau-

rus). Rather it resembles the more cylindrical rod-like cultriform process typical of

Parotosuchus nasutus (Schroeder 1913). The base of the process is ventrally mark-

edly depressed. Instead, the anterior third of the dement is slightly convex posteri-

orly and gradually becomes concave, as the process is framed laterally by the vom-

ers. The transverse cross-section of the dement is U-shaped posteriorly, V-shaped

about at midlength, and finally transversdy oval to flat in the anterior third.

Palatine

The interpterygoid vacuities are laterally framed and separated from the marginal

tooth arcades by the palatine and ectopterygoid. In Mastodonsaurus these bones are

comparatively slender and thin (fig. 13). Posteriorly the palatine tooth row is separ-

ated from the vacuity by only a narrow stripe of planar and smooth bone. There the

interpterygoid vacuities reach their widest measure. The palatine is an intercalated

strut which (1) connects the vomer posterolaterally to the skull margin, (2) borders

the choana posteriorly, (3) bears a pair of prominent tusks, and (4) forms part in the

supporting of the continuous inner tooth arcade. It connects to four bones: to the

maxilla laterally, the vomer anteromedially, the pterygoid posteromedially, and the

ectopterygoid posteriorly. Among those the contact to the pterygoid is typical of ca-

pitosaurs, in which the palatine ramus of the pterygoid is reduced anteriorly. The

proper contact is established by means of an dongated and slender posteromedial

process of the palatine; the ectopterygoid is thereby completely excluded from the

bordering of the interpterygoid vacuities.

The palatine tooth arcade altogether comprises in between 25 and 30 teeth of dif-

ferent size. Basically three regions can be arbitrarily distinguished (from posterior

forewards): (1) a posterior row of 20-25 similar-sized and equidistant, (2) a pair of

large tusks, and (3) three to six tiny teeth of the parachoanal tooth row. The teeth of

the first and third groups are set in almost without a clear base, but instead rise di-
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rectly from the flat plane of the ventral surface. Only the lateral and medial margins

of the tooth sockets are slightly raised above this surface. The latter is otherwise en-

tirely smooth. The medial margin of the palatine is in its middle part rounded but

otherwise forms a rather thin sheet of bone. The anteriormost tooth pair is very

large, forming the posteriormost of the palatal tusk pairs. It is situated well posteri-

or to the choana palatalis, whose posterior part is formed entirely by the palatine.

Medial to the tusk pair the palatine is very wide, forming almost the complete an-

terior rim of the interpterygoid vacuities by means of a medial protuberance which

is sutured to the vomer in serrated fashion. The anteriormost part of the interptery-

goid vacuity is very narrow because of the broadening of the palatine in this region

which is at the level of the posterior tusk. The suture with the maxilla runs antero-

medially, at about midlength of the choana palatalis towards which it converges.

Dorsally the palatine contacts the lacrimal by a posteriorly directed spine which it

meets in a horizontal, flat suture, a contact which was first observed and named in

BenthosHchus sushkini (Bystrow & Efremov 1940).

Ectopterygoid

This dement is almost of the same length as the palatine, but clearly forms the

larger part of the continuous tooth arcade borne by these bones. The ectopterygoid

contacts the maxilla laterally, the palatine anteriorly, the pterygoid posterolaterally,

and the jugal posterodorsally (fig. 13). It is excluded from the rim of the subtempo-

ral window by a large ventral process of the jugal. The ectopterygoid is along most

of its length equally wide, throughout being narrower than the palatine. It bears in

between 39 and 43 teeth of similar size and morphology. The tooth sockets are char-

acteristically laterally expanded and sagittally compressed.

The ectopterygoid is among the palatal elements the thinnest and least stabilised

bone, basically it forms a sheet which largely overgrows other, more firmly integrat-

ed components of the palate and skull roof. The suture with the pterygoid is long

and slightly serrate. The anterior half of the dement overlaps the pterygoid, which is

reversed posteriorly. The ectopterygoid itself overlaps the ventral process of the ju-

gal extensivdy, leaving only a small triangulär area of the latter exposed ventrally (in-

sula jugalis). Most of the dorsal side of the ectopterygoid is, moreover, attached to

the medial margin of the fissura maxillaris of the jugal. The suture with the maxilla is

the longest contact and along the entire length the maxilla provides the underlapping

base for the ectopterygoid. The furrow separating the ectopterygoid and maxillary

tooth rows is entirely made up by the maxilla.

Pterygoid

In the primitive condition of the Tetrapoda the pterygoid (= entopterygoid + der-

mometapterygoid?) is a tooth-bearing dement among others (ectopterygoid, pala-

tine, vomer) which serves both the purposes of stabilisation and mobility (basicrani-

al articulation). In capitosaurs the pterygoid has lost both the tooth arcades and the

movable basipterygoid Joint. Instead, it appears to predominantly guarantee maxi-

mum stability there. It has lost contact to the vomer entirely and the suture with the

palatine is largely modified with respect to the plesiomorphic condition: only the

posteriormost part of the palatine is reached. As a result of this anterior reduction,

the interpterygoid vacuities are very large in capitosaurs.
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By its architecture the pterygoid is basically a four-rayed strut which connects the

Upper jaws with the quadrate condyles, the cheek region, the occipital condyles, and

the floor of the braincase (fig. 13). It therewith contacts all major ossified units of the

posterior skull. These four rays are (from anterior backwards, in clockwise rota-

tion): (1) the palatine ramus, (2) the basipterygoid ramus, (3) the quadrate ramus, and

(4) the lamina ascendens, which actually is a dorsal, sheet-like Prolongation of the

latter (fig. 17).

The largest and most strengthened ramus is the palatine branch that connects the

basal plate with the palatine, jugal, and ectopterygoid. It is stout and markedly wid-

ened in Mastodonsaurus (figs. 8, 13), by its extent differing from all other capito-

saurs, even the closely related Heptasaurus. The column of the palatine ramus is

formed by a broad, cylindrical rod which runs parasagittally, close to the medial

margin of this unit. This rod continues anteriorly, by slightly bending into a more

lateral direction, to form the margin of the interpterygoid vacuities. Posteriorly the

column reaches towards the base of the quadrate branch near to the suture with the

basal plate. The lateral parts of the palatine process form a flat yet well-ossified sheet

which is covered by only minor striations. Anterolaterally, the branch becomes

markedly wider, which culminates in a small posterolateral läppet, until the process

bends medially again to align with the anterior embayment of the subtemporal win-

dow.

The basipterygoid branch is - even compared to the State found in most capito-

saurs - relatively short. It is plesiomorphically the bearer of the basicranial articu-

lation, but in capitosaurs connects by means of a long suture to the basal plate. On
the dorsal side the basipterygoid branch bears the large attachment facet for the

epipterygoid footplate. It rises anterior to a rounded hollow, the conical recess. In

most other capitosaurs the epipterygoid facet is restricted to the region anterior to

this recess. In Mastodonsaurus and Eryosuchus, however, the attachment area is

greatly expanded (Schoch 1997a) and even extends lateral to the conical recess,

connecting to the base of the lamina ascendens. Medial to the base of the epiptery-

goid a narrow bony sheet is borne which connects the pterygoid to the otic. The

suture with the basal plate is an almost horizontal plane, with the basal plate over-

lapping the pterygoid ventrally. The quadrate ramus is relatively short but stout in

Mastodonsaurus, by which this form is again similar to Eryosuchus and Cyclotosau-

rus. It connects the quadrate trochlea with both the exoccipital and basal plate. Un-
like in plesiomorphic capitosaurs such as Wetlugasaurus and Rhinesuchus it is

oriented nearly transversely. Typically the quadrate ramus forms a curved bony

sheet that slopes posterodorsally where it forms a marked edge, then bending ante-

rodorsally to contact the quadrate and quadratojugal in the occiput. The suture

with the quadrate is large and apparently very tight. The surface of this suture is

curved concavely, and the contact is tightened by the already described complex al-

ternate indentation.

The lamina ascendens is an extended dorsal outgrowth of the quadrate ramus.

Usually forming a rather thin bony sheet, in Mastodonsaurus it is a highly elaborate

structure of remarkable thickness. It rises posterolateral to the conical recess and

curves in anti-sigmoid fashion posteriorly. Dorsally it unites by complete fusion

with the descendent flange of the squamosal, hence entirely closing the occipital sur-

face anterior to the supposed columellar cavity. Its medial part is thickened, particu-

larly firmly connected to the descendent lamella of the squamosal, and anteriorly
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bears an array of vertical ridges. Parts of this surface are covered by a thin sheet of

apparently replacement bone, which is interpreted as ossification of the palatoqua-

drate.

Subtemporal Windows

The subtemporal Windows are especially wide in advanced capitosaurs such as in

the genera Cyclotosauras, Eocyclotosaurus, and Mastodonsaurus. Their relative

transverse expansion results laterally from a convexly curved quadratojugal and me-

dially is produced by a shortened basipterygoid ramus (fig. 13). With respect to

more plesiomorphic capitosaurs, such as Rhineceps nyasaensis (Watson 1962) or

Parotosuchus nasutus (Schroeder 1913) their posterior extension is smaller, which

results from the relative more anterior position of the quadrate condyles. In addi-

tion, both the depth of this upper adductor chamber and the depth of the window-
framing elements is much smaller in Mastodonsaurus than in most other capitosaurs,

again with the exception of Eocyclotosaurus and Cyclotosaurus (Schoch submitted

1). The medial rim is formed by the entirely flat palatine ramus of the pterygoid, the

lateral rim by the largely thickened ventral process of the quadratojugal, the posteri-

or rim by the qudrate trochlea, and the anterior rim by the ventral process of the ju-

gal. There are complete walls on only two sides: laterally formed by the quadratoju-

gal, and posteriorly built of the quadrate and lamina ascendens pterygoidei. Both of

these are slightly curved in convex fashion. Anteriorly, the chamber opens into the

circumorbital space which in the living animal most probably housed the eye, orbi-

tal musculature, and perhaps some jaw muscle portion. Medially, the adductor

chamber is demarcated by the lamina ascendens pterygoidei, the otic process, the

cornu oticalis, and the ascending portion of the epipterygoid. Because of the unex-

pected richness of endocranial ossifications, we are considerably well informed

about the size of the adductor chamber in Mastodonsaurus giganteus, and with it

about the (maximal) amount of the musculature, at least in the posterior corners of

the cavity.

Interpterygoid vacuities

In the plesiomorphic condition, tetrapods possess narrow slits or small oval open-

ings between the parasphenoid and the pterygoid anterior to the basicranial articu-

lation Qarvik 1996). These slits are enlarged in many basal tetrapods to small fenes-

trae (interpterygoid vacuities), largely as a result of the reduced medial growth of the

palatine ramus of the pterygoid. In temnospodyls this reduction is most characteris-

tic and gains a maximum in several, among which capitosaurs are the most spectacu-

lar example (fig. 14). In the latter group the pterygoid falls to reach the vomer and is,

moreover, only connected to the posteriormost part of the palatine, which results in

especially wide vacuities. The palatal elements lateral to the parasphenoid are re-

duced to mere struts, and except for a single, marginally placed tooth row they have

completely lost the usual denticle fields (fig. 13). Whereas in plesiomorphic capito-

saurs the interpterygoid vacuities keep a fairly constant length for most of their lon-

gitudinal measure, certain advanced genera have posteriorly constricted vacuities.

This is a consequence of the stout palatine ramus mainly. In Mastodonsaurus gigan-

teus this phenomenon has reached a maximum because of the very broad develop-

ment of the palatine pterygoid brauch. It may be interesting to note that - beyond
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their posterior end - the interpterygoid vacuities appear to be continued by paired

depressions on the anterolateral parts of the basal plate. These are well-estabhshed in

some specimens and clearly demarcated by the rod-hke pterygoid columns.

Review on the structure of the palate

The palate of Mastodonsaurus giganteus is arranged in a single plane, with the flat

surface of the bones having almost no relief. The extent of ossification varies mark-

edly: the vomers, pterygoids, and the posterior basal plate are very strong and thick-

walled elements. In addition, the vomer and palatine come so close to the skull roof

that they form processes abutting to it. This is especially the case in the regions dor-

sal to the giant tusks. The vomer is further very firmly bound to the premaxilla,

which results from the very lateral position of the symphyseal tusks. Consequently

the apertura praemaxillaris is subdivided by a broad medial bridge that tends to co-

ossify, and also almost reaches the alary processes of the premaxilla.

The most delicate structure is the cultriform process, which is filled by the sphe-

nethmoid, by which it is almost completely connected to the medial skull roof series.

Only the anterior Integration of the parasphenoid into the palate is established by

large posteromedial processes of the vomer. Apparent is furthermore that the rela-

tive weakness of the parasphenoid is contrasted by the large extent of bone in the

braincase. This is a fact contradictory to the long-held opinion that capitosaurs -

such as advanced temnospondyls in general - 'tended' to 'progressively chondrify'

(Gase 1911; Pfannenstiel 1932; Romer 1947; Watson 1958, 1962). Examination

of other capitosaur finds instead suggests that at least some capitosaurs possessed

among the most well-ossified braincases among temnospondyls.

The most conspicuous peculiarities of the palate in Mastodonsaurus are: (1) the

extraordinary size of the tusks on palatine and vomer, (2) the stout basicranial region

with the extreme elongation of the basal plate and its contact to the giant occipital

condyles, (3) the broad and massive Separation of the aperturae praemaxillares, and

(4) the rather small, reniform (palatal) choana.

3.1 .4. Occiput
General structure

The skull roof of Mastodonsaurus shallows continuously from the occiput fore-

wards. By that it can be distinguished readily from all other capitosaurs, in which the

entire posterior skull table is usually well raised, with the orbits sitting at the anteri-

or slope towards the largely flattened snout. In contrast Mastodonsaurus is not char-

acterised by particularly elevated orbits; they instead follow the slope of the preor-

bital region.

The occiput of Mastodonsaurus is clearly higher than in Cyclotosaurus and allied

forms, but bears some resemblance in its general Organization (fig. 16). The occipital

condyles are situated at the same level as the quadrate condyles, and there is practi-

cally no relief within the palatal elements. The slope of the flanks of the occiput is

similar to the condition in Parotosuchus nasutus and Eryosuchus garjainovi and dif-

fers by that from Cyclotosaurus and Eocyclotosaurus.

The foramen magnum is large and high, with keyhole-shaped outline. It is bor-

dered laterally by strong yet slender columnae verticales (exoccipital), roofed by the

postparietal and - in large specimens - the posteriormost extension of the otic ossifi-
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crista

falciformis

squamosal

embayment

Flg. 1 6. The occiput of Mastodonsaurus giganteus (SMNS 54675). Above, left side of occiput
in posterior view; middle, right side with details of the pterygoid and quadratojugal;
below, oblique posterolateral view of left side, with parts of exoccipital removed and
the fenestra vestibuli and otic depicted.
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cation. There is no trace of a separate supraoccipital bone, although in large speci-

mens the presence of a continuously ossified neurocranial roof is observed, whose

posteriormost portion encompasses the region in which in basal tetrapods the su-

praoccipital exists.

The broad cheek regions are formed by mostly thin-walled dermal ossifications,

in particular the quadratojugal, squamosal and pterygoid.

Preservation

Most Kupferzeil specimens are badly crushed which has most seriously affected

the occiput. The most heavily affected regions are the lamellae of the squamosal and

pterygoid, and the processes by which the exoccipital connects to the skull roof. In

most cases compaction has crushed the occipiti to such an extent that the supraoc-

cipital fenestrae have disappeared and the foramen magnum is but a narrow slit.

Lamina ascendens of pterygoid

Nearly 1/3 of the occipital face of the cheek is formed by the pterygoid, and this

is accomplished exclusively by the lamina ascendens. It forms a rather weak (and of-

ten fragmented) sheet of bone that wedges in between the squamosal, quadrate, and

exoccipital, and which contacts the quadratojugal only faintly by its most lateral

portion (figs. 16, 17). In horizontal section the lamina is roughly sigmoidally curved,

thereby bending from a nearly sagittal into a completely transverse orientation.

The most prominent external structure borne by the lamina ascendens is the cris-

ta obliqua. This is a subvertical, well-ossified wall which is aligned transversely at an

angle of 15-20° towards the anterodorsally sloping occipital face proper of the pter-

ygoid and squamosal (fig. 16, below). It is grown out of the topmost portion of the

lamina ascendens, slightly below the suture with the squamosal. The crista obliqua is

very variable both individually and if compared among different species. It has so far

been only reported for capitosaurs, and is an especially frequent phenomenon in ei-

ther large or hyper-ossified species. Warren & Schroeder (1995) have recently re-

viewed some of the knowledge on this structure. In Mastodonsaurus the posterior

face of this crest is prominently sculptured, and the topmost margin sometimes

much roughened. It may reach laterally close to the paraquadrate foramen, but usu-

ally is affected by compaction or worn off. Medially it nears the paroccipital process,

a feature also occuring in large Uranocentrodon specimens (pers. exam.), where it al-

most contacts the process, tending to form a nearly closed bony channel in which the

middle ear was housed.

The sutures, especially those with the squamosal and quadratojugal, are squamate

with an extensive extent of overlap. The suture shared with the quadrate trochlea is

broader and the surface much more roughened, making up a complex and firm inter-

fingering. There are several well-established roughened areas in this part of the lam-

ina, as well.

Lamina descendens of squamosal

The squamosal forms the largest portion of the occipital face of the cheek. It oc-

cupies almost 40 % of this area, and forms a practically smooth, posteroventrally

sloping wall (fig. 16). It meets the lamina ascendens of the pterygoid in a long suture
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where it overlaps the latter. The squamosal is so thin in the whole occipital region

that it is frequently fragmented. Laterally it overlaps the quadratojugal by a convex

suture, but ventrally fails to reach the trochlea quadrati by only a small distance.

Dorsally the lamina is connected to the anteroventrally sloping roof portion of

the squamosal. The posterior rim of this part is formed by a moderately developed

crista falciformis, which continues onto the quadratojugal laterally. The surface of

the whole lamina is entirely smooth. Throughout the known developmental stages,

the occipital portion of the cheek is completely closed by bone, such as is typical of

ontogeny in capitosaurs.

Quadratojugal

The occipital portion of the quadratojugal is markedly concave and possesses in

its apex a large paraquadrate foramen (fig. 16). The latter is transversely oval and sits

close to the lateral margin of the dement, where the lateralmost part of the crista fal-

ciformis runs. The bone is thinnest in the region immediately surrounding the fora-

men. The crista falciformis contours the posterior margin of the flat, roofing part of

the bone, and in the posterolateral corner bends medially to merge into the upper

bulge of the quadrate trochlea. In some specimens this area is roughened, whereas

the rest of this face remains rather smooth. The processus ventralis of the quadrato-

jugal abuts against the lateral edge of the quadrate trochlea and is tightly connected

to this by means of a widened medial head.

3.1.5. Palatoquadrate ossifications

In gnathostomes the endocranium is basically composed of the neurocranial and

palatoquadrate portions (Hennig 1983; Janvier 1997). They originally rise from

rather different embryonic primordia, and in many basal tetrapods finally the basi-

cranial articulation is their most important interface. The loss of a definite basicrani-

al Joint is apparent in all capitosaurs from the elongated suture between parasphen-

oid and pterygoid which floor the neurocranium and palatoquadrate respectively.

Palatoquadrate ossifications are generally unossified, unpreserved, or badly crushed

in basal tetrapods. In Mastodonsaurus giganteus at least three palatoquadrate regions

are ossified, all of which are situated in the posterior part of the skull. These are the

epipterygoid, the otic process, and the quadrate. Each of them in the ground-plan

constitute either true joints or elements involved in the formation of articulations:

the epipterygoid and otic process each connect the pterygoid to particular regions of

the braincase while the quadrate forms the massive trochlea for the jaw articulation.

Preservation

The epipterygoid and otic process of the palatoquadrate are in most specimens se-

riously affected by compaction. In the former dement, which is extensive in dimen-

sion yet lightly built, compaction has resulted in minor distortions and a fracturing

of the anterior process. This may be due to its rather shallow position within the en-

docranium. In strongly compacted skulls, however, the epipterygoid is badly

crushed. Late ontogenetic palatoquadrate ossifications (pterygoid process) are

found as a thin cover on the dorsal surface of the pterygoid, and therefore are rather

well preserved if present.
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Fig. 17. Palatoquadrate ossifications in Mastodonsaurus giganteus. Above, epipterygoid in

articulation with pterygoid, medial view (SMNS 81323); below, epipterygoid from
different perspectives (SMNS 80977).
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The otic process is absent in most specimens, supposedly according to large-scale

fracturing of the lamina ascendens pterygoidei. Its proper extent is much more diffi-

cult to ascertain than that of the former element. The usually preserved part is raised

very high in the column of the posteriormost cranium where considerable compac-

tion is the rule in the Lettenkeuper material.

The quadrate trochlea is almost unaffected by compaction, though the thin occip-

ital portions of the quadrate ossification are frequently only fragmentarily present.

Epipterygoid

The ascending process of the palatoquadrate primitively forms the anteriormost

articulation of the palatoquadrate with the neurocranium (Goodrich 1930; deBeer
1937). In larvae of urodeles, which probably have retained a condition similar to that

of the larval tetrapod ground-plan, it is a cartilaginous rod or strut growing dorsally

out of the pterygoid process of the palatoquadrate. The pterygoid process forms the

endocranial associate of the dermal pterygoid bone, and has so far been conceived

entirely unossified in most basal tetrapods. The study of large Mastodonsaurus

giganteus skulls from Kupferzell revealed, however, that a considerable portion of

the palatoquadrate ossified in this species. This mostly very thin sheet of bone en-

compasses 2/3 of the palatoquadrate pterygoid process !

The epipterygoid such as defined by Stadtmüller (1936) is exclusively an ossifi-

cation of the Processus ascendens; it does neither have a contact to the lamina ascen-

dens pterygoidei (contra Panchen 1970; Smithson 1982) nor the true otic process of

the palatoquadrate (see below). Plesiomorphically, and probably in larval crania

throughout, the ascending process of the palatoquadrate forms a Joint which permits

certain amounts of movement of the check relative to the skull table. Urodele larvae

most clearly demonstrate and probably have retained this mechanism. The processus

ascendens palatoquadrati is usually only partially ossified in temnospondyls. Espe-

cially in capitosaurs, there is much Variation in the relative size and shape of this unit.

Mastodonsaurus has an extensive epipterygoid ossification (figs. 17, 18, 20). It dif-

fers from that of most other capitosaurs in being inclined more obliquely towards

the sphenethmoid. It is often difficult to localise the proper suture with the dorsal

and medial surfaces of the pterygoid, so that sometimes the elements appear to be

co-ossified. This is however unprobable, as all disarticulated specimens have very

elaborate suture surfaces between the pterygoid and epipterygoid. The extent of os-

sification is most similar to that in Eryosuchus garjainovi (Ochev 1972) and Paroto-

suchus pronus (Howie 1970). Parotosuchus orenburgensis also has a well-ossified,

stout epipterygoid, but this differs considerably in its morphology from both gene-

ra, especially in lacking a dorsomedial process.

The epipterygoid of Mastodonsaurus bears the following six unequal processes

(flg. 17):

(1) a large footplate, which attaches to a particular facet on the anterodorsal sur-

face of the basipterygoid ramus (pterygoid),

(2) a huge blade-like processus anterior that points straight anteriorly, there-

by paralleling the lateral wall of the sphenethmoid (Howie 1970),

(3) an elongate processus sphenethmoidalis which is orientated obliquely

dorsomedially and is suturally connected to the posteriormost portion of the sphe-

nethmoid.
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(4) a short, boss-like processus posterior which abuts against a protuberance

at the anterior end of the lamina ascendens,

(5) a rudimentary processus basalis, forming a facet which nears the hypothet-

ical basisphenoid cartilage, and

(6) an extensive processus dorsalis which contacts the skull roof as well as the

laterosphenoid roof, with one specialised facet each.

As mentioned, the epipterygoid is aligned within one oblique plane mainly, so

that the element has large medial and a lateral sides, in addition to the dorsomedial

face of the processus dorsalis.

The footplate is a flat, extended portion attaching shallowly to the anterodorsal

margin of the basipterygoid ramus. Its sutural surface is of longitudinally oval out-

line and runs sagittally. The suture itself lies within the horizontal plane, the main

plane along which the epipterygoid is aligned is obliquely to this, pointing at an an-

gle of about 30° dorsomedially. The footplate is moreover rather thin and almost

completely flat.

The anterior process is much longer than in any other capitosaur. It forms a dor-

somedially aligned plate whose anterior portion is curved in sigmoid fashion, if

viewed transversely. The dorsal side of this blade bears several ridges, and the re-

gions between these are markedly pitted. This process reaches forward up to about

two thirds of the length of the sphenethmoid.

The sphenethmoid process forms an irregularly curved blade which is sutured

along a broad area with a descending flange of the lateral wall of the sphenethmoid.

This portion is likely to be homologous with the ascending process proper of the

palatoquadrate, which by definition forms an articulation with the braincase in the

region of the orbitosphenoid or sphenethmoid in larval lissamphibians as well as am-

niote embryos. The Situation in Mastodonsaurus is nevertheless highly derived, as

this process is much extended and flattened to give an extensive, secondary wall

firmly attached to the neurocranium. In fact, no other capitosaur is known in which

such a construction is established.

The posterior process is a fairly short yet well-defined rod which firmly attaches

to a similar such, but somewhat longer process of the pterygoid. The latter is an out-

growth of the lamina ascendens. This contact encloses a large, sagittally oval fora-

men which lies dorsal to the conical recess, posterior to the footplate of the epipter-

ygoid, and anterior to the basipterygoid process and suture proper. In addition, the

posterior process takes part in forming the floor of a large unossified space into

which the prootic foramen of the prootic opens anterolaterally.

The basal process is an outgrowth of the anterodorsal margin of the footplate and

it faces medially as if to contact an unossified portion of the basisphenoid; its prop-

er destination is unknown.
The dorsal process lies in the same plane as the anterior process, although it is

raised well above the former. This portion is rod-like, with a widening dorsal end

whose end surface is two-headed. By means of this structure a solid contact to the

neurocranium, in extent unparalleled in temnospondyls, is established. This contact

is established with the laterosphenoid roof by means of the lateral facet. The medial

facet contacts a ventral flange of the parietal lateral to the pineal foramen.
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Pterygoid process

In large specimens the basis epipterygoidei expands by covering a large part of the

dorsal side of the pterygoid. According to its position and morphology there can be

no doubt that this structure constitutes a partial ossification of the pterygoid pala-

toquadrate process. It reaches laterally up to the crista mediaHs of the pterygoid,

covering the depression medial to this with a very delicate sheet of porous bone.

Posteriorly the mineralization may continue at least towards the base of the quad-

rate ramus. Fragments of very thin bony sheets are, however, found even further

posterolaterally, close to the suture between the pterygoid and quadrate. Medially,

the pterygoid process overlaps the base of the lamina ascendens. This implies that

the whole posterior portion of the palatoquadrate tends to ossify during late devel-

opment in Mastodonsaurus, which to the present date appears to be a unique Situa-

tion among basal tetrapods, with the exception of adelogyrinids (Carroll 1998).

Otic process

The posteriormost articulation between palatoquadrate and neurocranium is gen-

erally formed by the processus oticus palatoquadrati. This structure is primitive for

tetrapods as a cartilage (Stadtmüller 1936). It is present in larvae of anurans, uro-

deles, and in many amniotes and can be identified in several capitosaurs. In these

such an otic process appears to be borne by the lamina ascendens pterygoidei, name-

ly at its most medial and dorsal edge. In contrast to the rather thin lamella, this pro-

cess forms a stout strut either nearing the otic ossification or abutting against the

skull roof or both. However, the processus oticus palatoquadrati is a perichondral

ossification whereas the lamina ascendens clearly constitutes a dermal bone, being

simply a dorsal protuberance of the pterygoid. A true otic process would therefore

be expected in temnospondyls only close to, but not identical with the lamina ascen-

dens of the pterygoid. This is exactly the Situation in large specimens of Mastodon-

saurus.

In MastodonsauYMs there is a pronounced yet structurally simple otic process

which meets the above made definition. It is a thickened end of the thin-walled

pterygoid process of the palatoquadrate, which Covers the lamina ascendens (fig. 1 7).

The process is directed posteromedially and has a convex dorsal surface. No attach-

ment or articulation with any neurocranial structure is observed, though the process

comes close to the anterolateral roof of the otic ossification (the cornu oticalis).

These overcross each other as they approach upwards, whereby the otic hörn is di-

rected anterolaterally, the otic process anteromedially. Apparently the otic process

nears the inner surface of supratemporal and postparietal.

Quadrate

The quadrate of tetrapods is by its embryonic origin the most posteroventral part

of the palatoquadrate cartilage. It forms the jaw articulation throughout basal tetra-

pods by means of a trochlea, which is structurally throughout very similar in capito-

saurs. The continuation of the palatoquadrate medial to the quadrate usually re-

mains entirely unossified. In Mastodonsaurus there are traces of a (late ontogenetic)

continuation of the quadrate dorsal to the pterygoid. The extent of this ossification

is, however, very poorly known.
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In capitosaurs the quadrate is a transversely elongated, cylindrical rod which

broadens medially where it may grow to a high process that wedges between the

quadratojugal and pterygoid in the occiput. The main body is formed by the troch-

lea quadrati: a screw-shaped, conical cyhnder set in a frame formed by the quadrate

ramus (pterygoid) and the processus ventrahs (quadratojugal). This trochlea consists

of an inner and outer spindle which are separated by a narrow, also convex rod. The

two spindles are inclined at about 40° towards the sagittal axis, which gives the

trochlea ist characteristic helicoid shape.

In Mastodonsaurus the quadrate trochlea is transversely longer than in primitive

genera such as Benthosuchus, Rhinesuchus, or Lydekkerina (Bystrow & Efremov

1940; Broili & Schröder 1937a). In addition, the long-axis of the trochlea is orien-

tated completely transversely and not anterolaterally such as in the aforementioned

taxa (figs. 13, 16). This feature is shared with nearly all capitosaurids, as well as the

genus Eocydotosaurus. The occipital face of the quadrate is rather low. The trochlea

connects by a roughly horizontal suture to the quadratojugal. There is no dorsal ex-

pansion such as reported for Cydotosaurus cf. posthumus (Ingavat & Janvier

1981), thus resembling the usual and plesiomorphic structure in capitosaurs.

3.1.6. Neurocranium
General structure

Among the neurocranial regions, only the olfactory capsules remain entirely car-

tilaginous in Mastodonsaurus giganteus. The most extensive endocranial ossifica-

tions are the exoccipitals which bear the large, massive double occipital condyles and

are in firm contact to posterior margin of the skull table.

Structure and surface morphology of all these elements suggest a cartilaginous

continuation in several regions. In addition, size-related changes, such as in mor-

phology and the extension of the ossified area, suggest a local developmental in-

crease in mineralization. Most conspicuous among those is the anterior extension of

the sphenethmoid ossification, a phenomenon that is frequently found in large Mas-

todonsaurus skuUs.

Pfannenstiel (1932) attempted an analysis of the braincase and its relation to

dermal ossifications in detail, studying transverse sections of several skulls of Hep-

tasaurus. Unfortunately a major part of his material was destroyed during World

War II; the remaining finds are according to my present knowledge little informative

concerning the structure of the endocranium.

The nasal capsules, ethmoidal region, auditory capsules, and occipital region to-

gether comprise the neurocranium. The treatment of its units follows their em-

bryonic origin and mode of mineralization as suggested by recent urodeles (Stadt-

müller 1936; DeBeer 1937). The braincase of Mastodonsaurus is - rather unexpect-

edly - to a very large extent ossified and reveals a most interesting, hitherto largely

unknown anatomy.

Braincases of temnospondyls have been studied in detail by Sushkin (1927),

Pfannenstiel (1932), Dempster (1934), Gase (1940), Sawin (1941), Romer &
Witter (1942), and more recently by Shishkin (1968, 1973), Boy (1971), Shishkin

& OcHEV (1967 b), and Ochev (1972).
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Fig. 18. Neurocranial ossifications in a medium-sized specimen of Mastodonsaurus gigan-

teus. Only the anterior (prootic) portion of the otic is figured; in this stage it has no
contact with any of the figured bones. The basioccipital overplates the exoccipital

without forming a true suture. Both the otic hörn and the dorsal process of the epi-

pterygoid are attached to the skull roof. Based on several specimens (SMNS 54675,

81368,80913).
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Preservation and preparation

The braincase of Mastodonsaurus giganteus would be a major problem of recon-

struction if there was not an exceptionally preserved, almost uncrushed skull avail-

able (SMNS 54675). Most crania are affected by compaction in the occipital, otic,

and sphenethmoid regions, which has resulted in a mashing and distorting of the

various neurocranial ossifications. On the basis of three partially crushed and one

uncrushed specimen a near-complete reconstruction of the neurocranium of this

species is possible. Among numerous other problems the position, articulation, and

orientation of the stapes could be entirely clarified. Mr. J. G. Wegele carefully pre-

pared one specimen which revealed the beautifully preserved basement of the brain-

case.

The preparation of SMNS 54675 was carried out by Th. Rathgeber who freed

the neurocranium very thoroughly from its matrix, before he started fitting the

broken dermal bones together in their original arrangement. The result is by far the

best-preserved and most complete endocranium of any capitosaur, and it Stands at

one level with the best preserved endocrania of Eryops megacephalus (Sawin 1941;

pers. exam.).

The combined investigation of SMNS 54675, 80249, 81368, and 80913 allow the

following perspectives on the posterior braincase: complete dorsal and ventral sur-

faces of the roof of ethmoidal and otic regions, lateral views of the lateral walls, the

complete floor of the braincase, and the anterior aspect of sphenethmoid and epi-

pterygoid.

Sphenethmoid region

Anteromedial to the otic there is a large, dorsally convex ossification which roofs

the dorsum sellae and basisphenoid regions. It is elevated high above the otic roof. In

dorsal view its shape is that of a wide rhombohedron. This structure is unpaired but

has a midline suture in its anterior portion; the anläge is basically paired and gener-

ally resembles that of the sphenethmoid which is embryonically paired yet later os-

sifies as one unit. It continues anteriorly into the sphenethmoid without a suture.

The reason to treat it separately is that the laterosphenoid roof is not found in small

specimens and that it is an independent dement in SMNS 54675.

The laterosphenoid roof is connected to the parasphenoid by a high column

which rises anterior to the otic. There is a gap of 1 cm between these areas in which

the basal plate is smooth. The laterosphenoid region in the largest specimen connects

the otic with the sphenethmoid by forming an almost continuous ossification almost

lacking sutures.

The sphenethmoid proper is a dorsally closed, roughly sphenoidal box which

widens in the anterior part of the interorbital region. As mentioned, distortion and

crushing have almost throughout precluded a detailed study, except for three isolat-

ed finds of different size. The anterior end eventually ossifies far into the snout re-

gion, almost reaching the posterior portion of the nasal capsule region.

Basisphenoid region

Mastodonsaurus giganteus lacks a definite basisphenoid ossification. As I demon-

strate elsewhere, this is not necessarily typical of large capitosaurs, although it may
be a common feature within the Capitosauridae (Schoch submitted 2). The primi-
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tive condition for this region is known from Eryops (Sawin 1941) and Trimerorha-

chis (Gase 1935; Schoch submitted 3), where the basisphenoid is a bilaterally sym-

metrical, unpaired, and very low dement wedged in between the sphenethmoid,

epipterygoid, and otic and being floored by the anterolateral portion of the para-

sphenoid. There, the basisphenoid usually leaves characteristic, paired impressions.

In Mastodonsaurus there is no ossification in this region, akhough clear impressions

exist which suggest the presence of a cartilaginous basisphenoid.

Otic region

Mastodonsaurus giganteus is characterised by a well-ossified roof and lateral wall

of the auditory capsule which are in their entirety referred to as otic region (figs.

18-20). The floor of the capsule remains wholly cartilaginous and is probably at-

tached to the basal plate of the parasphenoid, as indicated by a concave, roughened

dorsal surface of the latter. The otic is subdivided into the roof, the lateral walls, and

the dorsal outgrowth (otic hörn).

The otic is ventrally attached to (1) the paroccipital crest of the basal plate and (2)

the basipterygoid ramus of the pterygoid. The otic roof reaches only about 1/3 the

skull height in this region.

The anterior portion is elevated well above the centre of the otic roof especially in

its lateral region. With the otic hörn it reaches the internal side of the skull roof. This

process has the cross-sectional area of a long triangle and abuts against the supratem-

poral, postparietal, and parietal. The abuttment is in part sutural and in part forms a

complete synostosis. Probably this is controlled by age or rate of mineralisation as it

varies between specimens of different size.

In a large specimen (SMNS 80249) the auditory capsules are exposed from their

internal side and reveal a great deal of anatomical Information (fig. 19). This is the

largest braincase of Mastodonsaurus giganteus and has a remarkable degree of ossifi-

cation. It clearly is the most strongly ossified basal tetrapod braincase. The general

structure is very similar to the otic ossification as described from its dorsal surface

with the exception that the tecta of the auditory capsules are fused along the entire

midline, i.e. from a position right above the processus submedullaris (exoccipital) up

to the laterosphenoid region.

The fused midline region is particularly thick and internally covered by a smooth
sheet of bone. The remaining parts of the otic ossification are internally roughened.

There are several large pits on each side of the otic roof. In addition both the fenes-

tra ovalis and a large foramen between the otic and laterosphenoid are clearly pre-

served. The posterior rim of the fenestra is formed by two structures of different size

but similar surface. The otic and laterosphenoid are almost co-ossified in the large

specimen (fig. 19). The whole inner side of this portion is covered by smooth bone

layers, and along the suture with the otic a groove runs laterally to finally end in the

foramen prooticum.

The question whether the otic region of Mastodonsaurus comprises a Compound
dement (prootic plus opisthotic) cannot be answered without detailed comparison

that bases on a clarified phylogeny.
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Fig. 19. The posterior neurocranium in a large specimen of Mastodonsaurus giganteus. Pter-

ygoid (lamina ascendens), tabular, and postparietal are cross-sectioned. The figure

depicts the internal side of the auditory capsule with the stapes in articulation, and

the epipterygoid and otic partially cross-sectioned. It is noteworthy that the entire

posterior braincase (otic, laterosphenoid, and sphenethmoid regions) is co-ossified.

Based on a horizontally sectioned braincase (SMNS 80249).

The stapes

Some Kupferzeil specimens of Mastodonsaurus have exceptionally well-preserved

stapes in füll articulation. In addition a respectable sample of disarticulated and even

better preserved stapes is available. This is important because particularly the proxi-

mal ends are structurally very rieh.

The stapes of Mastodonsaurus is a particularly long and slender, fragile bone

reaching a length of 10 to 12 cm in large specimens (fig. 22). It consists of (1) an el-

ongate shaft (stylus columellae) which ends abruptly on the distal side and (2) a bi-

furcating proximal end. The shaft is compressed anteroposteriorly to give a long-

oval to rectangular cross-sectional area. The distal end is oval or subtriangular in

cross-section and slightly concave; its surface is roughened suggesting a cartilagi-

nous Cover. The flat sides are orientated roughly anterior and posterior; the long ax-

is of the cross-section has a small anteroventral slope throughout the length of the

shaft. The shaft is generally smooth yet covered by fine parallel or anastomosing

lines. These are most clearly expressed on the narrow flanks of the shaft, and are

more dense in the proximal portion. The narrow flanks roughly speaking face dor-

sally and ventrally and are well-rounded.
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Fig. 20. The neurocranium of a medium-sized specimen of Mastodonsaurus giganteus from

different perspectives. The otic forms a complicated element wedged in between the

exoccipital, pterygoid, and epipterygoid. The fenestra vestibuli was located within a

large fissure between the otic and parasphenoid. Based on SMNS 54675.

The proximal portion consists of two heads which are asymmetric in shape, size,

and inclination towards the proper shaft. The proximal portion may be defined as

the region in which the diameter of the cross-section enlarges. The proximal portion

as understood here makes up 1/5 of stapedial length. Bolt & Lomard (1988) distin-

guished a ventral proximal head (VPH; processus basalis) and a dorsal proximal head

(DPH; Caput columellae or footplate of authors). The DPH is much larger and more
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distinctly inclined towards the long axis of the shaft. Diameter and shape of its cross-

sectional area change exponentially to give an elongate oval proximal surface with

strongly convex anterior and posterior margins. The proximal surface of the DPH is

roughened and in most specimens concave. It may eventually bear a depression in

the centre or slightly on the ventral side. Bolt & Lombard (1988: fig. 7) described a

similar morphology m Doleserpeton.

Generally in tetrapods the footplate is the one proximal head which fits into the

fenestra ovalis, and this Situation has been often postulated for though rarely direct-

ly observed in temnospondyls (fig. 21). Two specimens from Kupferzeil undoubted-

ly possess articulated stapes with their footplates associated with the fenestrae

ovales. SMNS 54675 is threedimensionally preserved and permits to study the struc-

ture of the oval window. The stapes were found sticking to the oval windows on

both sides and were removed by Th. Rathgeber. His careful preparation and atten-

tive proceeding make a restoration possible within very narrow limits. SMNS 80249

is larger and both stapes are preserved in articulation: their footplates firmly sit in the

oval Windows which are cross-sectioned by preservation. The ventral head is sur-

rounded by a fork of bone (formed by parasphenoid and otic) which Covers its flat

ventral and dorsal flanks (fig. 22). One ramus of this fork touches the stapes at the

incisura capiti into which it fits rather tightly. The other ramus attaches to the slight-

ly curved ventral flank of the ventral head. In addition, an otic butress articulates

with the fairly complex surface of the ventral head: it fits into the anteroposteriorly

elongated bowl and is supported additionally by slender outgrowth of the ventral

side of this depression (processus ventralis). The surface structure of the otic pro-

cesses involved in this articulation is not adequately known. Nevertheless, there is

clear evidence that in Mastodonsaurus a hitherto unexpectedly complex articulation

connects the stapes to the anteroventral rim of the otic ossification, as well as the

crista parapterygoidea of the parasphenoid.

The Stylus columellae is in original articulation directed dorsolaterally with a mi-

nor anterior component. The footplate faces into the anterior part of the sagittally

elongate oval window. Further distally, the shaft bends at about 1/3 of its length

markedly upwards into a more steep angle towards the palatal plane. This bending is

in most specimens rather abrupt, not curved. The distalmost part then bends again

slightly, at about the posterior 1/10 stapedial length, into yet a more steep angle. It

finally points into the squamosal embayment, not in its centre, but at the posterome-

dial margin close to the tabular. An abutting of the distal end to the tabular, supposed

by SusHKiN (1927), speculated in Sawin (1941), and taken by Warren & Schroe-

DER (1995) as Support for a "spiracle hypothesis" supposed to be non-consistent

with a stapes pointing into the squamosal embayment. However, no temnospondyl

specimen known to the author corroborates this reconstruction, and in Kupferzell

Mastodonsaurus definitely the distal end of the stapes does not articulate with the

tabular.

Basioccipital region

An ossified basioccipital region forms the most extended portion of the occipital

condyle in the ground-plan of the Tetrapoda (Hennig 1983). The successive size re-

duction of this ossification is clearly recognisable in the prevalent phylogenetic con-

cept of temnospondyls (Milner 1993). Supposedly plesiomorphic genera such as

Edops, Trimerorhachis, Saurerpeton, and Chenoprosopus possess a rather large basioc-
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Processus

submandibularis

Fig. 21. The exoccipital in a medium-sized specimen of Mastodonsaurus giganteus in dorsal

view, horizontally sectioned below the columna verticalis and parotic process. The
attachment of the stapes in State of articulation is figured below; the fenestra vesti-

buli proper must have been located medial to the DPH.

cipital forming the ventral part of a structurally tripartite yet functionally Single con-

dyle (Broom 1913; Romer & Witter 1 942; Watson 1 956; Langston 1 953). The ba-

sioccipital portion has become relatively smaller and finally disappeared in two high-

er groups convergently, the Brachyopidae and the Dissorophoidea plus Eryopoidea.

In the latter group, the capitosaurs are the most advanced regarding this character: the

basioccipital does not participate in the formation of the now completely bipartite

condyle, and except for rare cases {Wetlugasaurs angustifrons, some trematosaurids)

ossification is confined to a granulär shagreen on the dorsal surface of the parasphen-

oid, which is the case in Mastodonsaurus. The original position of the main basioccip-

ital body was between the exoccipital facets of the condyle (e.g. Trimerorhachis insig-

nis). In Mastodonsaurus and other large capitosaurs the exoccipitals are very large and

unite in the midline so that no space remains for a basioccipital participation.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



72 STUTTGARTER BEITRAGE ZUR NATURKUNDE Ser. B, Nr. 278

lateral
medial

VPH

DPH

VPH

posteromedial

Fig. 22. Stapes of a medium-sized specimen of Mastodonsaurus giganteus from different

perspectives. The oval depression on the medial face of the VPH forms the socket

for the articulation of the stapes with the parasphenoid on the floor of the braincase

(see fig. 21 for a different perspective). Partially reconstructed, based on SMNS
54675.

In well-preserved specimens the submedullar processes of the exoccipitals are an-

teriorly continued by a granulär matrix of bone (fig. 18). This attaches to the exoc-

cipital rather than fusing to it and extends ventrally to cover the dorsal side of the ba-

sal plate. The matrix is ill-defined in shape and partially worn-off by preparation in
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most specimens. According to available evidence the anläge of this ossification is

paired. The general structure of these anlagen resembles the lateral portions of the

unpaired basioccipital in Eryops (Sawin 1941: pl. 7 B). In the largest available masto-

donsaur specimen (SMNS 80249) the entire posterior part of the parasphenoid is

covered by poorly ossified bone matrix. The basioccipital region in Mastodonsaurus

was obviously anteriorly restricted to the area framed by the cristae paroccipitales.

These cristae themselves aligne with the otic region dorsally. The crista basioccipit-

alis rising from the posteromedial surface of the basal plate are probably covered by

a cartilaginous part of the basioccipital.

Supraoccipital region

Pfannenstiel (1932: 4) identified in Heptasaurus a thin trace of bone ventral to

the tabulars and supratemporals as supraoccipital. In his reconstruction this ossifica-

tion reaches anteriorly to the level of the epipterygoids. His Interpretation obvious-

ly was influenced by Wiman's (1913) reconstruction of the occiput in Lyrocephalis-

cus euri. In the Kupferzeil specimens, there certainly is no separate ossification apart

from the otic and laterosphenoid Compound bones which reach that far anterior as

concieved by Pfannenstiel. The remaining problem is whether the posteriormost

part of the otic region contains a supraoccipital component. This concerns only the

large specimen (SMNS 80249) where a single ossified unit reaches back below the

postparietals (fig. 19). The degree of compaction, however, is considerable; examina-

tion of uncrushed SMNS 54675 makes clear that otic and postparietal are separated

by a considerable vertical gap. The existence of this gap in turn strongly suggests the

absence of an ossified supraoccipital and perhaps the persistence of cartilage in this

region. True supraoccipital ossifications have been reported (among advanced tem-

nospondyls) only for dissorophids (Carroll 1964; Gubin 1980), but even there an

identification is ambiguous.

.xoccipi tal

The posteriormost portion of the endocranium is very well ossified in all capito-

saurs, and as mentioned largely to exclusively formed by the exoccipitals. They give

completely separated condyles, which in Mastodonsaurus reach an otherwise unpar-

alleled size (fig. 21). This dement is basically six-rayed represented by the foUowing

processes [I foUow the terminology of Bystrow & Efremov (1940)]:

(1) the columna verticalis isa massive strut abutting against the postparietal.

It is longer and slenderer than in Benthosuchus sushkini (Bystrow & Efremov
1940: fig. 14) and other basal capitosaurs, but it resembles that of Cydotosaurus

(Kuhn 1942) and Paracyclotosaurus (Watson 1958) more closely.

(2) The Processus paroticus connects to the descending flange of the tabular

and forms the lateral margin of the median occipital part, paralleling the course of

the stapes, which runs anterodistal to it. In Mastodonsaurus the pr. paroticus is ante-

roposteriorly flattened and transversely wider than in most other capitosaurs, the

aforementioned genera again being exceptions.

(3) The Processus lamellosusisa short and rudimentary outgrowth at the me-
dial base of (1). It reaches into the foramen magnum. In Mastodonsaurus it is com-
paratively small.

(4) The Processus submedullaris rises from the ventromedial part of the ex-
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occipital body, flooring part of the foramen magnum and separating it from the fe-

nestra basioccipitalis. In Mastodonsaurus it is relatively short and stout, and anteri-

orly may be attached to the faint basioccipital ossification eventually.

(5) The Processus subtympanicus raises lateral to the extensive suture with

the basal plate of the parasphenoid. It is much more rudimentary than in Benthosu-

chus.

(6) The most massive outgrowth of the exoccipital body forms the condylus
occipitalis itself, which is extraordinarily large in this genus. The facet is rather

typical in shape, widening laterally and being markedly convex.

The capitosaur exoccipital encloses two particularly wide Channels, the larger and

more anterior of them traditionally is alternatively interpreted as the canalis for ce-

rebral nerves IX and X (Bystrow & Efremov 1940), the jugular vein (Howie 1970),

or as a common channel for the IX to XII nerves (Ochev 1972). In Mastodonsaurus

both Channels can be of nearly similar size, and the position of the entrance and exit

foramina may be variable.

Review on the structure of the braincase

As an advanced Triassic labyrinthodont with obvious aquatic dispositions, Mas-

todonsaurus was long conceived as having a hypo-ossified braincase and possessing

a rather simple endocranial Organisation (Pfannenstiel 1932; Gase 1933). The

study of some excellent Kupferzeil specimens reveals that the opposite is the case.

The extent of ossification in the neurocranium of Mastodonsaurus parallels in most

aspects, and even exceeds in others, the amount of bone developed in Eryops (Sawin

1941; pars. exam).

Nearly all regions of the braincase (with the significant exception of the nasal cap-

sule) ultimately tend to ossify, and in the largest specimens examined most of the su-

tures between these ossifications have completely disappeared. This makes a homol-

ogizing difficult and in some cases (supraoccipital, basisphenoid) even impossible

with the presently available knowledge. However, the enormous amount of new in-

formation on this very interesting and long-neglected anatomical region will be very

valuable in comparative studies. The body of existing knowledge on both recent and

fossil amphibian braincases is in a State of confusion, with a major gap between the

fossil and recent taxa in particular. Such as with other regions in the skull, a firm ba-

sis for homologizing is urgently needed. Mastodonsaurus cannot resolve all of the

often complex problems connected with these questions, especially because it is

structurally so much advanced. However, a clarification of capitosaur braincase

anatomy, which may now be somewhat more readily reached than before the dis-

covery of the Kupferzeil specimens, should in the long run also merge into a more

extensive analysis of amphibian neurocrania that also includes modern groups.

3.1.7. Mandible
General structure

The lower jaw of Mastodonsaurus giganteus is despite its size a slender and par-

tially delicate unit composed of eleven independent ossifications in each ramus. The

basic structure is topographically and regarding its composition close to the ground-

plan condition of tetrapods Qarvik 1996); see figs. 23-25. There are nine dermal

bones and two replacement ossifications of Meckel's cartilage. The dermal elements
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are arranged throughout in the periphery of the mentomeckelian rod, and except for

two extensive windows the mandible is entirely closed. The sutures are largely ser-

rate and tight, some may eventually co-ossify.

The structure of Triassic temnospondyl mandibles was studied by Miall (1874a),

WiLLS (1916), NiLssoN (1943, 1944), Romer (1947), Watson (1962), Ochev (1972),

and lately by Warren & Black (1985), and Jupp & Warren (1986). The former

knowiedge of the lower jaw of Mastodonsaurus giganteus was very limited because

of the poor condition of this unit in the Gaildorf specimens (Fraas 1889). The man-

dible of the closely related Heptasaurus (Wepfer 1923a) was a little better known
and frequently referred to as an example of large capitosaurs (e.g. Nilsson 1944).

The Kupferzell material agrees in most aspects with Wepfer's data on the Buntsand-

stein mastodonsaurs, and in addition reveals a great deal of new information.

From anterior backwards there are lingually the splenial (below = b), precoro-

noid (above = a), postsplenial (b), intercoronoid (a), angular (b), coronoid (a), prear-

ticular, and surangular. From posterior on forewards there are labially the suran-

gular and articular, the angular (b), dentary, and mentomandibular (fig. 23). There

are two dentigerous elements: the dentary bears in between 89 and 113 teeth (ten

specimens), and the coronoid has variably either a single larger tooth or up to three

rather small teeth.

The rami of the mandibles unite in an extended Symphysis which is formed by the

dentary and a partial ossification of the mentomeckelian. The Symphysis proper

bears in addition to the continuous marginal tooth row a pair of large tusks on each

side. It is conspicuously broadened posterior to the dental arcade, but there are no

additional teeth posterior to the tusks.

The shape of the jaw ramus and its strength are given by a stout, cylindrical rod

on the ventral side. It is formed by three dermal bones: the splenial, postsplenial, and

angular. This rod floors an elongate cavity that runs over most of the length of the

mandible, the canalis primordialis (Stadtmüller 1936). In its middle part, this cav-

ity is enlarged to form the adductor chamber, which housed the main body of the

jaw-closing musculature. It has openings lingually (Meckelian window) and dorsal-

ly (adductor window). The Meckelian window is situated entirely anterior to the ad-

ductor window, in contrast to the majority of temnospondyls. The adductor Cham-

ber is deepest in the posterior third of the mandible, about at midlength of the Meck-

elian window.

The posterior portion of the mandible is extensively ossified. It integrates the

tooth arcade of the dentary into the framework of the mandible, forms an unusual-

ly large articulation facet (area glenoidalis), and bears a long and deep postglenoid

area (Jupp & Warren 1986; retroarticular process of former authors). This is large-

ly a posterior outgrowth of the surangular, with only minor participation of the an-

gular and prearticular, and very variable participation of the articular. The postglen-

oid area (PGA) in Mastodonsaurus giganteus is longer than in any other capitosaur.

In Mastodonsaurus such as in most capitosaurs the prearticular forms part of the

glenoid area in establishing an extended jaw articulation. In Mastodonsaurus how-
ever this hamate process is remarkably high and well-ossified (Romer 1947). The

glenoid region consists of two sagittal grooves separated about in the midline of the

mandible by a broad ridge. The lingual fossa is conspicuously extended anteriorly

and dorsally by participation of the prearticular to form the hamate process, which

is very suggestive for the maximal gape angle in this species.
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10 cm

Fig. 23. Mandible of Mastodonsaurus giganteus from different perspectives. Most typical of

the genus are the large symphyseal tusks, the elongated postglenoid area, and the ha-

mate process of the prearticular. Based on several well-preserved and uncrushed

specimens, particularly SMNS 56634 and 80880.
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Preservation

As the mastodonsaur mandible contains some particularly delicate structures,

compaction has affected most specimens quite seriously. Macroscopic fracturing fre-

quently crushed or even largely destroyed the adductor chamber. The thin ossifica-

tions on the Hngual side (prearticular, intercoronoid, and postsplenial) are usually

broken and distorted, now being attached to the still articulated inner side of the

thick labial bones (angular, dentary). The hamate process (prearticular) is often

broken away or partially worn off, so that it is sometimes found isolated.

In addition to fractures, compaction also resulted in major continuous displace-

ments with the result of considerable deformation of structures. Such deformation

primarily affected the following regions and their relations to each other:

- Tooth-bearing top of dentary inclined lingually;

- Tusks of Symphysis bent medially;

- Adductor chamber narrowed by deformation of prearticular and coronoid;

- Hamate process (prearticular) inclined lingually and glenoid facet torded thereby;

- Width of articular glenoid region decreased;

- Width of postglenoid area decreased;

- Height of postglenoid area decreased.

Surangular

The surangular wedges in between the dentary and angular by means of overlap-

ping sutures, then frames the glenoid area of the articular lingually and posteriorly,

and further backwards it forms the main body of the PGA (fig. 27). It comprises at

least _ of the width of the PGA, and forms a massive ossification whereas the artic-

ular, prearticular, and angular are thin sheets of bone overlying it to a variable extent.

The PGA is the only part of the mandible where a dermal bone forms such an exten-

sive threedimensional block. Further anterior the surangular builds the complete la-

bial margin of the adductor window and forms part of the bordering of the labial

wall of the adductor chamber, as well. The top of the labial wall of the adductor

chamber (torus arcuatus, Bystrow & Efremov 1940) borders a widened and slight-

ly concave area medial to it (angulus adductoris), see fig. 23. This shelf is covered by

numerous parallel stripes and ridges suggesting fleshy Insertion of musculature. The
surangular meets the coronoid in a broad, serrated suture about at the anterior fifth

of the chamber.

The posterior border of the glenoid region (articular) and the dorsolabial margin

of the postglenoid area form high crests. The latter is curved in a sigmoid fashion. Its

anterior half is raised slightly above the level of the glenoid region and was therefore

termed postglenoid ridge Qupp & Warren 1986). The labial side of the PGA is char-

acterised by heterogenous sculpturing: roughened surfaces alternate with thick tu-

bercles and short ridges, and finally smaller grooves exist next to the well-established

sulcus articularis and sulcus accessorius.

The suture with the dentary runs on the labial side somewhat ventral to the torus

arcuatus (ta). A long posterior läppet of the dentary overlaps an elongate depression

of the surangular. The bones differ in the type and amount of sculpturing. Lingually

the surangular may form a large part of the PGA as well, or alternatively be over-

lapped to some extent by a posterolingual projection of the articular. The articular

usually forms a posterior spine covering the dorsolingual margin of the PGA. From

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



78 STUTTGARTER BEITRAGE ZUR NATURKUNDE Ser. B, Nr. 278

hamate process

Mastodonsaurus

Benthosuchus

Ichthyostega

Fig. 24. Comparison of mandibles in selected temnospondyls, viewed from labial side. Ich-

thyostega after Jarvik (1996), Eryops after Sawin (1941), and Benthosuchus after

Bystrow & Efremov (1940); others from personal Observation. Not drawn to

Scale.
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Mastodonsaurus

5ostspJenial

Benthosuchus

WspieniaJ .^^angular,

Ichthyostega

Fig. 25. Comparison of mandibles in selected temnospondyls, viewed from lingual side. Ich-

thyostega after Jarvik (1996), Eryops after Sawin (1941), and Benthosuchus after

Bystrow & Efremov (1940); others from personal Observation. Not drawn to

Scale.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



80 STUTTGARTER BEITRÄGE ZUR NATURKUNDE Ser. B, Nr. 278

there a thin sheet of bone may eventually grow ventrally to successively cover the

roughened lingual surangular surface. The angular and prearticular meet the suran-

gular in a double-sigmoid suture.

The postglenoid area of Mastodonsaurus is to a large extent formed by the suran-

gular. The dorsal surface of the PGA has a deep groove aligned to the long axis of the

mandible. This groove is by definition not an arcadian groove (Warren & Black
1985) as it is not situated between the articular and surangular, but is bordered on

both sides by the surangular instead. A shallow arcadian groove is nevertheless

present in Mastodonsaurus, resulting from the failure of the articular to entirely Cov-

er the concave lingual surface of the surangular (a consequence of poor ossification).

To distinguish both these grooves, the deep surangular groove is termed fossa post-

glenoidalis. This is distinctly deeper than in all other temnospondyls and in may
Vary considerably in alignment, ranging from curved to entirely straight. The fossa

originates at the top of the elevated hinder margin of the glenoid area. The surface of

the groove may be smooth to roughened, but often there is a large foramen in its

deepest point, which is usually in the anterior third of the PGA. The lingual wall of

the fossa postglenoidalis is much lower than the labial (postglenoid ridge, see below)

rounded, and often roughened. Variation in most morphological traits of the PGA is

broad, hence a species Identification based on only a mandible fragment is certainly

problematic.

There is an immediately apparent problem with Jupp & Warren's (1986) concept,

rising from the investigation of the Kupferzeil material. These authors presented a

welcome and useful discussion of lower jaw anatomy in temnospondyls. Among the

invention of several useful descriptive terms they attempted a typological distinction

of mandibles on the basis of the postglenoid area (PGA). Two types of PGA's were

distinguished which are supposed to differ in 9features from another. Mastodonsau-

rus displays considerable Variation in the morphology of the PGA, and is especially

variable regarding the proportion of elements and their participation to this region.

Because of the broad Variation of its PGA, the distinction of Jupp & Warren's two

mandible types cannot be successful here.

Indeed Mastodonsaurus shares similarities with both types to an equal extent: it is

similar to "type 1" in (1) the angular lying ventral to the articular, (2) the posterior

extremity of the surangular forming an arcadian process, (3) a deep arcadian groove

being present (exclusively bordered by the surangular though), and (4) the foramen

chordae tympani separating articular and prearticular (in some specimens only).

PGA "type 2" shares with the mastodonsaur mandible the following features: (5)

the prearticular almost always extends into the PGA, (6) the angular lies labial to the

articular, (7) the posterior extremity of the articular never forms a true retroarticular

process (sensu Warren & Black 1985), and (8) the surangular always forms the

posteriormost extremity of the PGA. It is apparent that most characteristics of the

two types need not exclude one another but may occur in combination. Neverthe-

less Jupp & Warren's work forms a serious and necessary approach towards a bet-

ter understanding of this long-neglected yet complex and potentially phylogenet-

ically informative structure. Maryänska & Shishkin (1996) have recently also fo-

cussed on PGA morphology, dealing with capitosauroids in more detail. Their

results, particularly regarding Mastodonsaurus torvus, are largely corroborated by

the study of the mandible in M. giganteus.
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Angular

This is one of the major ossifications in the posterior half of the mandible, form-

ing the lateral and bottom walls of the adductor musculature. It constitutes the larg-

est area of the mandible covered by dermal sculpturing (figs. 23, 27). The angular is

wedged in labially between the surangular, dentary, and postsplenial and lingually

the prearticular and surangular, sometimes the articular. The sutures are mostly

squamate and interfinger with mirror-imaged lappets of the partner elements (suran-

gular, dentary, postsplenial, articular partim). The high degree of ossification corre-

lates with the apparent role as main resistance against the most profound (and long-

est) portions of the adductor musculature.

The entire dement is relatively low, having its deepest measure shortly behind the

anterior end of the adductor chamber. Its (labial) shape is that of a longitudinally el-

ongated oval, with a pronounced anteroposterior asymmetry in that the anterior

part is much longer and terminates in a long, delicate process. In excellently pre-

served specimens the angular is considerably vaulted in the transverse plane, the ad-

ductor Chamber hence having a markedly convex lateral wall. The angular is

throughout relatively thick, but most strongly ossified ventrally where it forms the

bottom of the adductor chamber. Lingually it contributes about 1/3 to the formation

of the medial wall of the adductor chamber. Its lingual surface is largely smooth; the

sculpturing Starts abruptly exactly at the turning point towards the labial side. The
border between sculptured and smooth bone runs along the edge of the angular up
to the posterior third of the bone, where the edge becomes more rounded and bears

numerous rough, curved ridges.

Almost the entire labial side of the dement is covered by intense sculpturing. This

suggests a shallow position of the labial bone surface within the dermis. Unlike in

the skull roof the sculpturing ridges make up one half of the thickness of the bone.

The sculpturing pattern consists of long radial rays of ridges which converge to-

wards a small area slightly posterior to half length of the bone. Distally from the

point of convergence these ridges are wdl-defined and single, whereas they proxi-

mally unite to give a reticulate pattern. Most of them are not straight but irregularly

curved and of variable thickness along their course.

The sutures to the surrounding elements are mostly squamate. The surangular is

labially overlapped by the angular which results in a complex, serrated suture. Sculp-

turing ridges grow along overlapping parts of the angular and take over to the suran-

gular, resulting in a firm stabilisation of these regions. The dentary is also overlapped

along its entire contact to the angular. There the sculpturing ridges end abruptly at

the margin of the angular; the dentary ascends rapidly and is easily recognised by its

intense covering with numerous stripes and fine ridges that run parallel to the man-
dibular long axis. Anteroventrally the angular is overgrown by a thin läppet of the

sculptured postsplenial. The sculpturing of both elements does not have a continua-

tion though. The angular forms the ventral keel almost up to the posterior end of the

postglenoid area. The surangular articulates both labially and lingually by sticking to

the internal sides of the V-shaped frame formed by the angular. The angular-suran-

gular suture is lingually straight and labially serrated. A thin posteroventral projec-

tion of the articular may wedge between the surangular and angular lingually, and in

this case it overlaps the angular largely, almost reaching the ventral keel. In one spec-

imen the articular even separates the angular from the surangular medially for a short
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distance. The angular meets the prearticular in an only little serrated, slightly squa-

mate suture.

Postsplenial

The postsplenial is a long and well-ossified strut on the lingual side of the man-

dible. It forms a predominant part of the ventral keel and extends dorsally well be-

yond the level of the angular and splenial (fig. 23). Its length is almost half the meas-

ure of the lower jaw, and lingually it is exposed over almost its whole length.

On the lingual side the postsplenial contacts the angular posteriorly, the preartic-

ular and intercoronoid dorsally, and the splenial anteriorly. Labially it borders the

angular, dentary, and splenial. The postsplenial makes only a minor contribution to

the labial side, however. The surface of this part is intensively sculptured by short,

reticulate ridges. As with the angular, there is a well-defined ventral edge of the bone

where sculpturing Starts abruptly by a long groove.

The labial surface of the bone is convex and throughout smooth. Posteriorly it

borders the elongate Meckelian window, forming 2/3 of its ventral margin. The su-

ture with the angular there is curved like a V and strongly serrated. The suture with

the splenial extends over a larger area and forms a complex zig-zag line. Dorsally the

postsplenial extends to build the anterior, pointed margin of the Meckelian window.

The dorsal process involved in this is stout and abuts against the prearticular. Gen-

erally the structure and proportions of the postsplenial are very much like in plesio-

morphic capitosaurs such as Benthosuchus sushkini (Bystrow & Efremov 1940).

The major difference is caused by the proportionately much longer Meckelian win-

dow which exceptionally expands in Mastodonsaurus up to about postsplenial mid-

length. In this feature Heptasaurus (Wepfer 1923a) is very similar whereas tremato-

saurids which also possess elongated Meckelian windows differ (Nilsson 1943).

On the ventral side the margin of the lower jaw forms a stable rod in which the

angular, postsplenial, and splenial are very tightly integrated. Sutural serration is

strengthened by ridges which bridge and overprint the proper bone contacts. There

are two large foramina anterior to the Meckelian window which open posteriorly,

suggesting an exit of nerves or vessels in that direction (anterior Meckelian forami-

na of authors). On the lateral side of the lingual part the foramina unite as an elon-

gate oval opening in a larger depression. This side is also nearly completely

smooth.

Splenial

The shallow splenial aligns to the postsplenial anteriorly and participates in the

shaping of the symphyseal region (figs. 23, 26). It contacts the postsplenial posteri-

orly on both sides, the intercoronoid and pre-coronoid dorsally on the lingual side,

and the dentary again on both sides dorsally. There is, however, Variation as to how
far the splenial reaches anteriorly. In most specimens it completely floors the den-

tary, contacting its contralateral dement at the floor of the Symphysis. The suture of

this contact is roughened, and the splenial markedly expands in the region. Labially

the splenial contribution is larger than lingually, which reverses the presymphyseal

State, such as to form the structure of a screw. The splenial portion of the Symphy-

sis, moreover, juts out of the vertical plane of the dentary suture surface. This sug-

gests a rather loose articulation of the two lower jaw rami. In a few specimens the
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splenial ends slightly anterior and ventral to the precoronoid. In these the dentary

falls to completely fuse at the ventral edge of the Symphysis, which produces a narr-

row slit. In transverse section the splenial is U-shaped anteriorly and nearly V-

shaped posteriorly. The precoronoid overgrows the splenial lingually, forming only

a very thin sheet of bone. Further backwards the precoronoid increases in thickness

and almost completely roofs the canalis primordialis. Close to the symphyseal re-

gion the splenial runs through a large foramen (foramen postsymphysealis) which is

throughout present. Additional foramina of smaller size eventually appear further

posteriorly, close to the suture between the splenial and dentary or splenial and pre-

coronoid. The lingual side of the splenial is smooth except for a small, roughened

platform close to the anterior end of the precoronoid in some specimens. Finally the

sculpturing of the labial side is much weaker than that of the postsplenial. It mainly

consists of shallow pits and short grooves of similar length, which end in the lower

fourth of the height of the Symphysis. The onset of sculpturing is abrupt and demar-

cated by a single, narrow ridge.

Articular

The articular is primitively the only mandibular bearer of the jaw articulation. It

is a solid unit which has the surface of a saddle. The entire periphery of this peri-

chondral replacement bone is made of rather thin dermal ossifications which con-

verge ventrally to it completely. The articular is surrounded by the surangular pos-

teriorly and anterolaterally on the labial side, and the prearticular lingually and an-

teriorly at the hinder end of the adductor chamber (fig. 23).

The general structure of the articular, especially the proper articulation facet is

very similar throughout temnospondyls. It is basically tripartite: an outer and inner

groove are separated by a broad bulge. Grooves and bulge are aligned subparallel

with the long axis of the mandible, or eventually markedly inclined obliquely to-

wards the lingual side. In Mastodonsaurus the inner groove is larger and particularly

elongated anteriorly where it connects to a projection of the prearticular. The facet

proper is easily recognised by its rough, poriferous surface typical of perichondral

ossifications with cartilaginous cover. It remains unclear how deep the articular par-

ticipates in the posterior bordering of the adductor chamber, because it is covered by
the prearticular there.

The articular does never form the main component, nor does even reach the extent

of the surangular in the PGA. Apparently there are two most frequent structural

types possible in Mastodonsaurus giganteus from Kupferzeil: either the articular

forms a narrow shaft which strengthens the dorsolabial margin of the postglenoid

area, or it expands labioventrally to firmly contact the angular and separating the

prearticular from the surangular.

Prearticular

The prearticular is the largest dement on the lingual side of the mandible and en-

tirely confined to it. It may be divided into two structural different parts: (1) the

thickened dorsal region which forms part of the jaw articulation and borders the ad-

ductor window lingually, and (2) the modestly ossified wall of the adductor chamber
that is often only fragmentarily present. The prearticular contacts the surangular

posteriorly, forms the cover for the lingual and front sides of the articular, meets the
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lingual

Fig. 26. Symphyseal region of Mastodonsaurus giganteus from different perspectives. The
sockets of marginal teeth are characteristically oval. Note the existence of an addi-

tional replacement bone in the Symphysis, the mentomandibular ossification (MM).
The precoronoid and intercoronoid are thin sheets of bone, which overplate the

massive dentary.

angular near the ventral edge and the postsplenial at midheight, and is finally covered

dorsally by the coronoid and intercoronoid (fig. 23).

The dorsal, thickened part Starts slightly anterior to the glenoid area which it

frames lingually. The inner groove of the glenoid articulation facet extends anterior-

ly far beyond the margin of the central bulge and the outer groove of the articular.

At the same time it curves dorsally to form the highest point of the mandible. The
whole area in which this groove is set is formed by the articular. In lateral view, the

articulation facet describes a quarter circle; this feature is unique for a small group of

capitosaurs (Schoch 1997a). The prearticular forms the complete dermal envelope

of the extended inner glenoid fossa. This whole projection was termed processus

hamatus by Bystrow & Efremov (1940); I shall use this term only for the prearticu-

lar part (fig. 27). The hamate process widens as it ascends and finally ends in a dor-

sally convex edge. All edges framing the articular component are thickened and pro-

trude the slightly concave glenoid surface. The back of the hamate process (which
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runs anteroventrally) is keeled and roughened. Its thick lateral flank is a broad frieze

which participates in the framing of the large upper part of the adductor chamber.

Lingually the hamate process is strengthened by a central column that continues an-

teriorly into the edge of the adductor window (torus lingualis).

Prearticular and coronoid nearly fuse at this lingual bulge, whereas anteriorly

their suture is well-established. Further ventrally the lingual bulge is separated from

the rather thin bone by a step. The coronoid overlaps the prearticular in its anterior-

most portion. Conversely, at about 2/3 the length of the Meckelian window, the pre-

articular meets and clearly overlaps the intercoronoid. The result is a zig-zag suture

strengthened by numerous parallel ridges. The entire lingual surface of the preartic-

ular is smooth and solely covered by isolated tiny pores. Especially the posterodor-

sal rim of the Meckelian window is very weakly ossified and almost always broken.

Coronoid

In the plesiomorphic condition for tetrapods, the dentary tooth arcade is accom-

panied by a series of three dentigerous bones on the lingual side. This is the coronoid

series, consisting (from anterior backwards) of the precoronoid, intercoronoid, and

coronoid (Nilsson 1944; Jupp & Warren 1986; Schoch 1998). Numerous temno-

spondyl species, however, exemplify the loss of teeth on the anterior two of these

Clements. Throughout capitosaurs only the coronoid bears teeth, and their number

is generally very limited (an exception is a new benthosuchid from southwestern

Russia which bears a tusk pair on each dement of the coronoid series; M.A. Shish-

KiN, pers. comm.)

The coronoid of Mastodonsaurus is more firmly integrated and by itself more im-

portant for the stability of the adductor window than it is in most other capitosaurs

(fig. 23). In particular it contributes to the formation of the bulges (torus arcuatus

and torus lingualis) which frame the adductor window on both sides of its front. The

shape of the coronoid is that of a fork, with the region anterior to the adductor win-

dow being the shaft and the window-framing rami the spikes. The lingual ramus is,

however, distinctly longer and more slen-der than the labial which is flattened to

give the anterior surface of the angulus adductoris.

The dement bears three teeth arranged in a row and situated near the suture with

the dentary, anterior to the margin of the adductor window. The teeth are generally

similar to and of the same size as those of the dentary. The region surrounding these

teeth forms a shallow, longitudinal depression which is covered by pores and small

grooves. Prearticular and surangular are overlapped by the coronoid, with sutures

facing straight dorsally and having parallel ridges. The suture with the dentary in-

stead runs in a broad groove lingual to the tooth row of the dentary, with the great-

er part of this groove formed by the coronoid in the posteriormost part, but the den-

tary further anteriorly. Towards its anterior end the coronoid expands somewhat

down the lingual flank, where it contacts the intercoronoid in a broad suture whose

topography is unknown.

Intercoronoid

This is the longest dement in the coronoid series and in contrast to the coronoid

entirdy confined to the lingual side. It reaches nearly the length of the postsplenial

to which it relates like a mirror-image on the dorsal side of the mandible. The inter-

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



86 STUTTGARTER BEITRÄGE ZUR NATURKUNDE Ser. B, Nr. 278

coronoid roughly speaking forms an elongate rectangle which is posteroventrally

expanded. It contacts the coronoid posteriorly and dorsally, the prearticular posteri-

orly, the postsplenial ventrally, the precoronoid anteriorly, and finally the dentary

labially.

In contrast to all known capitosaur mandibles, the intercoronoid of Mastodon-

saurus forms the anterodorsal margin of the Meckelian window (figs. 23, 26). This is

the consequence of the extraordinary size and position of this window and the pro-

portions of the intercoronoid. Its posteriormost portion reaches unusually far ven-

trally where it meets the prearticular in a relatively broad suture. The Situation might

be similar in Cyclotosaurus robustus which also possesses a large Meckelian window,

but unfortunately the sutures are not preserved in the available material (Schoch
submitted 1).

The intercoronoid is not dentigerous such as in many basal tetrapods, but instead

has a smooth surface. The only exception is its dorsal margin which is thickened like

in the coronoid and additionally gives rise to a small, elongate platform with a rough-

ened surface. The intercoronoid is overlapped by the postsplenial and the coronoid;

conversely it overlaps the precoronoid and interfingers with the prearticular is a very

tight suture. The contact with the dentary runs ventral to the upper margin of the lin-

gual side and appears to be squamate with the intercoronoid overlapping the dentary.

Dorsal and ventral areas of the intercoronoid differ much in thickness: while the

upper portion is transversely oval and well-ossified, the ventral margin which borders

the postsplenial (and sometimes the splenial, as well) often is only a thin sheet tending

to get crushed in the region where it roofs the canalis primordialis.

Precoronoid

This is the anteriormost, smallest, and most weakly ossified dement in the coro-

noid series. Having the shape of an elongated rhomboid, the precoronoid wedges in

between the splenial and dentary anteriorly and closes up to the intercoronoid pos-

teriorly (figs. 23, 26). A contact to the postsplenial may eventually be established.

Along its entire dorsal margin it is bordered by the dentary. Its orientation is almost

completely vertical and mainly forms a thin cover of the lingual flanks of splenial

and dentary. At the anterodorsal edge of the dement there is a slightly raised area

with an irregulär surface. The anterior contact with the splenial and dentary is point-

ed, and in this region several parasymphyseal foramina may occur; one larger fora-

men exactly situated on the suture between dentary and precoronoid is throughout

present. The sutures are smooth and all squamate, and among the neighbouring Cle-

ments the intercoronoid is the only which overlaps the precoronoid.

Dentary

The tooth arcade of the lower jaw is practically formed by the dentary, as the co-

ronoids largely lack teeth in Mastodonsaurus (fig. 23). The dentary is a broad strip of

bone set in the framework formed by the coronoids, angular and prearticular.

Whereas it is hardly exposed lingually, there is a broad labial portion which under-

laps the angular and splenials. This flank is peculiar because of its unique mode of

sculpturing, consisting of numerous parallel stripes and ridges which are aligned to

the upper margin of the bone. The whole latus dentalis has an undulating surface in

transverse section.
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The dentary is the largest element of the mandible, and altogether 8 bones contact

it: the surangular, angular, postsplenial, splenial, mentomandibular, and the three co-

ronoids. It is labially overlapped by the splenials and the angular, but posteriorly

wedges in between surangular and angular by means of a long cultriform process.

The transverse sections ränge (from posterior forwards) between transversely oval

over vertically oval to U-shaped.

The element thickens markedly as it bends into the transverse plane at the sym-

physeal region. The Symphysis proper is short but very broad, almost doubling the

width of the dentary. The plane floor of the dental arcade narrows to about half its

width as the tooth arcade curves medially. The teeth diminish in size, and the tooth

sockets attain a more rounded, short-oval shape different from the predominant

shape in the rest of the arcade. The tusk pair is situated rather laterally, leaving a well

ossified, smooth region medially to it. Naturally they match with the lateral position

of the aperturae praemaxillares and the penetration sites of the alary processes. Such

a lateral position of symphyseal tusks (and the existence of paired anterior windows
in the palate) is a State of numerous temnospondyls, such as Ichthyostega Qarvik

1996), Trimerorhachis (Gase 1935), trematosaurids (Nilsson 1943), and the capito-

saur Eocyclotosaurus (Kamphausen 1989). However, the size of this tusk pair in

Mastodonsaurus is unique. The sculpturing of the anterior Symphysis is character-

ised by numerous pores embedded into an ill-defined pattern.

Dorsal to the mentomandibular ossifications a part of the medial margins where the

symphsysis pairs are attached remains unossified. The mentomandibulars themselves

do not have a bony contact, but end slightly lateral to the suture between the dentary

halves. In contrast to several other capitosaurs {Eryosuchus, Parotosuchus partim,

Wellesaurus, and Kupferzellia) there is no additional tooth row posterior to the tusks.

Mentomandibular ossification

The large Symphysis of Mastodonsaurus giganteus contains a solid, entirely ossi-

fied replacement bone which may be called mentomandibular ossification (fig. 26).

The mentomandibular occurs in recent amphibians and was often concieved a

unique feature for lissamphibians (Stadtmüller 1936: 651). It is defined as a separ-

ate ossification of the mentomeckelian in the symphyseal region. Mastodonsaurus is

the first temnospondyl in which such an ossification can be documented unambigu-

ously. The shape of the cross-section of this bone (taken at the articulation surface of

the Symphysis) varies from circular to transversely elliptical and vertically oval. The
structure of the bone is homogenous and clearly differs from that of the dermal Cle-

ments covering it. It has a fine-grained fabric yet forms a solid mass with consider-

able Potential to resist compaction. In contrast to the dermal bones the mentoman-
dibular is never fractured by compaction, but at best slightly deformed; it might be

crucial for the throughout excellent preservation of the Symphysis.

The length of the mentomandibular is not exactly known, but it does not reach

the region of the precoronoid/intercoronoid suture, of which numerous transverse

sections exist at different growth stages.

Mandibular windows

A strong and differentiated adductor musculature is considered primitive for tet-

rapods. This is supported by direct neontological evidence and palaeontological data
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on the morphology of the muscle Chambers. The insertion sites for these muscles are

situated to a large extent in an elongated groove anterior to the articulation facet and

framed by the prearticular hngually and angular labially. In many basal tetrapods the

dermal Investing bones form a relatively high, dorsally widening chamber rather

than a mere groove, which is referred to as cavitas adductoris here. There is no clear

concept whether this chamber is a unique feature of some higher group or rather a

convergent acquisition. Mastodonsaurus has a long adductor chamber whose both

walls are relatively high which is typical of capitosaurs (fig. 23).

The side walls of the chamber differ in size, height, thickness, and extent of vault-

ing. The adductor window is the dorsal opening of the adductor chamber. Typically,

it is almost completely edged by the prearticular, surangular, and coronoid. The lat-

ter dement gives particular stability to the window by forming its anterior, pointed

margin on both sides. Its sutures to the surangular and angular are tight and eventu-

ally co-ossify.

The adductor window opens straight dorsally which contrasts the Situation found

in most other temnospondyls, and certainly bears functional significance. This win-

dow is anteriorly narrow and widens continuously backwards, until it reaches up to

three times the anterior width posteriorly. On the lingual side the rim of the window
is straight and has a thickened margin (torus lingualis). The lingual wall (prearticu-

lar) is further only slightly convex and aligned parallel to the long axis of the man-

dible. The labial wall (angular) is more clearly convex. The labial edge of the window
ends in a broadened bulge (torus arcuatus) and runs fairly straight, by which it dif-

fers from other genera such as Eryops or Trimerorhachis. In Mastodonsaurus there is

an exceptionally broad, concave adductor edge (angulus adductoris), running medi-

al to the convex torus arcuatus. This edge is especially broad anteriorly where it con-

stricts the adductor window. It slopes continuously in posterolateral direction.

The back wall of the adductor chamber is posteriorly convex and slopes anteriorly.

The chamber narrows towards the bottom and its main axis changes, thereby aligning

to the course of the ventral rod of the mandible. There is a large foramen in the poste-

rior wall which is rather close to the foramen chordae tympani, suggesting the en-

trance of a larger nerve branch. The anterior end of the adductor window does not de-

scend to form a closed wall, but instead the adductor chamber continues, being con-

fluent with the canalis primordialis. The latter narrows and shallows only slightly in

anterior direction, but further along narrows rapidly having almost disappeared at

level of the suture between the anterior coronoids. Supposedly the canalis primor-

dialis persists as narrow, laterally compressed channel, supposedly up to the posteri-

or end of the mentomandibular. The extent of cartilage present inside this channel is

difficult to estimate, especially on the bottom of the adductor chamber proper.

The fenestra Meckeli is a relatively large opening throughout basal tetrapods and

therefore referred to as window here, following the tradition of classical morpholo-

gy (fig. 25). It is best defined as the lingual opening of the adductor chamber. The
widespread term 'foramen' should not be used in this case and instead be reserved

for small openings which are caused by the penetration of vessels and nerves. In the

majority of cases a distinction between these two types does not pose problems. The
term 'anterior Meckelian foramen' relates to the fact that the Meckelian window was

frequently termed 'posterior Meckelian foramen' (Nilsson 1944; Jupp & Warren
1986); the former term is useful, because sometimes additional foramina occur fur-

ther posteriorly.
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Fig. 27. Posterior portion of mandible in Mastodonsaurus giganteus from labial (above) and

lingual sides (below). The hamate process forms a dorsal extension of the prearticu-

lar, which accomniodates an anterodorsal projection of the articular glenoid facet.

The postglenoid area (PGA) is much elongated with characteristically straight dor-

sal margins on both sides; the dorsal surface of it is well concave.

Review on the structure of the mandible

It was emphasised that there are marked differences in the extent of ossification.

The strengest bones may be distinguished according to their apparent integrative

role. Firstly, the elements of the ventral rod control the shape of the ramus and stab-

ilise the floor of the adductor chamber (dentary, splenials, angular). Secondly there

are ossifications involved in the jaw articulation (articular, hamate process, and their

immediate periphery). And thirdly there are all bones which connect the dentary ar-

cade to the walls of the adductor chamber (coronoid, articular, surangular).

Among all mandibular elements the surangular, angular, and coronoid certainly
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have the highest degree of ossification, as measured by thickness, density, and

amount of sculpturing.

The structure of the sutures on the hngual side is relatively straightforward: (1)

rims of Windows are thickened with sutures there tending to co-ossify, (2) sutures

near or perpendicular to windows are strongly serrated and may eventually be

strengthened by sculpturing, (3) sutures connecting elements of the strong ventral

rod likewise, (4) the upper margins of splenial and postsplenial are strengthened and

abut against the lingual surface of the ventrally thinning dentary, (5) these are over-

lain by thin plates (coronoids) that overlap one another successively.

3.2. Postcranial anatomy
3.2.1. Historical sketch

The study of the postcranial anatomy of basal tetrapods started, among few other

finds, with the description of the Lower Permian Archegosaurus decheni from the

Saar-Nahe Basin (Meyer 1858) and the first Triassic capitosaurs from Baden-

Württemberg (Meyer & Plieninger 1844; Quenstedt 1850; Fraas 1889). Surely

the finds of Mastodonsaurus giganteus were the most impressive among these, and

the articulated Lettenkohle specimens from Gaildorf, unspectacular as they seem to-

day, challenged the works of Plieninger and Fraas. Both already arrived at a varie-

ty of fairly sound conclusions about the general structure of the postcranial skeleton

of this species.

The knowledge on capitosaur postcranial anatomy grew comparatively slowly

thereafter, which is explained by the disarticulated nature of most capitosaur finds

and the widespread tendency to collect mainly the massive and impressive skulls.

HuENE (1922) was the last to pay attention to the articulated mastodonsaur materi-

al from Gaildorf. His reconstruction, though carried out very sketchy, gives a good

Impression of the gross structure and proportion of the capitosaur axial skeleton.

The variety of ribs in Mastodonsaurus and their assignment to particular positions

within the axial skeleton had long posed considerable problems (R. Wild, pers.

comm.). Because of the largely disarticulated rib finds, none of the authors was able

to give a comprehensive idea about the composition of the rib skeleton. Only the

Kupferzell material provides a fairly complete sample of well-preserved ribs; the

structure of their proximal ends, in combination with the costal skeletons in other

capitosaurs, allows a reconstruction of the axial skeleton in articulation.

The Russian palaeontologists Bystrow & Efremov (1940) were very active in the

field of capitosaur anatomy, and Konzhukova (1955), Ochev (1966, 1972) and

Shishkin (1968, 1980) foUowed this tradition. These workers thoroughly described

postcranial remains of several capitosaurs and other advanced actinodontids from

the East European Platform (Intasuchus, Platyoposaurus, Melosaurus, Benthosuchus,

Eryosuchus). Most of these finds were, however, disarticulated so that a reconstruc-

tion of the complete postcranial skeleton remained difficult (Ochev 1972: 128, 151).

Watson (1958) and Howie (1970) focussed on well-preserved, articulated post-

cranial material of two advanced capitosaurs. Their results can be regarded as the

most complete accounts on the case, and especially Watson's near-complete skele-

ton of the West Australian Paracydotosaurus davidi has served as a reference point

in the reconstruction of capitosaurs ever since.
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3.2.2. General structure

The postcranial skeleton is fairly conservative in basal tetrapods. The present

knowledge on Ichthyostega (Jarvik 1980, 1996), and the comparison of the data on

different groups of basal tetrapods suggest that basal tetrapods are essentially simi-

lar in the construction of neural arches and ribs, the basic structure of the limbs and

girdle elements. However, the structure and arrangement of the vertebral centra is

much more diverse, and the numerous differences long served as a major guide in the

Classification of basal tetrapods (Watson 1919; Romer 1947; Huene 1956; Pan-
CHEN 1977, 1980). Jarvik's (1942, 1980) detailed work on Eusthenopteron and Ich-

thyostega revealed that the plesiomorphic condition most likely is the rhachitomous

vertebra (in the trunk), which is present in both osteolepiforms and basalmost tetra-

pods and from which all other vertebral types can be derived without major prob-

lems (Panchen 1979). This idea challenged and finally overcame the notion sup-

ported by Watson (1919) that the embolomerous (diplospondylous) structure was

the ancestral condition. Concommitantly, there was a major and long-going debate

about the embryological origin of the components of the vertebral centra, wherein

the study of Recent amphibians played a predominant role. This debate, reviewed by
Gardiner (1982), apparently did not arrive at a final, clear-cut conclusion, and can-

not form a matter of interest here.

The vertebral design of capitosaurs was briefly described in most of the aforemen-

tioned monographs, and the widely accepted concept is that they are derived from
rhachitomous vertebrae, such as possessed by many yet not all temnospondyls (co-

chleosaurids: Langston 1953; trimerorhachids: Gase 1935, Chase 1965; actino-

dontids: Meyer 1858, Konzhukova 1955, Boy 1988; eryopids: Moulton 1974,

Boy 1990; zatrachydids: Gase 1911, Langston 1953, Boy 1989; dissorophoids:

Williston 1910, Boy 1972).

The general structure of the postcranial skeleton of capitosaurs is only known in

three or four species, and there must be serious doubts as to how far we are informed

about the actual vertebral diversity in this clade.

The finds of Mastodonsaurus giganteus are, next to those of Watson's Paracyclo-

tosaurus davidi, the most complete remains of a capitosaur postcranium. The major

advantage with the finds of Mastodonsaurus is the possibility to combine studies of

old and new material. Nearly all elements of the skeleton, with the exception of the

pes and the posterior part of the tail, are preserved and can be studied in great detail.

The vertebrae are composed of three types of elements: a massive cylindrical

intercentrum, a relatively weak neural arch with an obliquely oriented and low Pro-

cessus spinosus, and small paired pleurocentra. This composition persists through-

out the presacral column with certain proportional changes, up to the base of the tail

(W Kugler, pers. comm.). The presence of both neural arches and pleurocentra in

the caudal skeleton is unknown, although from all evidence in other genera neural

arches can hardly be conceived absent in the tail.

The ribs are very remarkable and most diverse structures in Mastodonsaurus.

There are at least twenty different morphological costal types in the trunk, and an ar-

ray of tail ribs. The trunk ribs differ in length, extent of bending, presence and ex-

pression of uncinate processes, and the structure of the proximal end. Because of un-

certainties in the assignment of rib types with particular vertebral positions, the de-

scription does not specify which type may occur in which region. Instead, evidence
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Fig. 28. Main vertebral centrum (intercentrum) in a medium-sized specimen of Mastodon-

saurus giganteus in different views. This type is characteristic only for the anterior

portion of the trunk in this species. The so-called stereospondyl condition is most

elaborate in this type of temnospondyl intercentra.
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will be listed in section 4 (reconstruction) whereby the different sources of informa-

tion are distinguished and discussed in detail.

The trunk is nearly two times longer than the skull roof (see reconstruction), and

the tail evidently consists of a large number of vertebrae, according to the various

types of caudal intercentra in the sample. The proper assignment of intercentra, neu-

ral arches, and ribs is a matter of reconstruction and thus discussed in section 4. The
various rib types are described according to their morphology and size.

The pectoral girdle and arm are well known since Plieninger in Meyer &
Plieninger (1844), Fraas (1889), and Huene (1922). Among these the fore limb is

almost completely preserved, but to a large extent known only from isolated mate-

rial. The pectoral girdle is dominated by extensive dermal ossifications, the large

interclavicle and the massive clavicles (Fraas' Kehlbrustplatten). The scapula is usu-

ally well-ossified, but rather small at first and only later in development ossification

expands into the coracoid region. The humerus is an unusually long bone which is

slender and undifferentiated in medium-sized specimens. The largest humerus

(SMNS 4707) is stronger and somewhat stouter than in smaller specimens, but still

much more slender than in most other large basal tetrapods. The lower arm is sup-

ported by well-developed, yet relatively small bones, and the manus is elongate, with

slender elements and probably four digits.

3.2.3. Axial Skeleton

Architecture and Arrangement

Mastodonsaurus giganteus has at least 27 presacral vertebrae, and an unknown but

probably high number of caudal vertebrae (see section 'reconstruction'). The struc-

ture and morphology of the presacral vertebral column is well-known from two ar-

ticulated specimens found at Gaildorf in the 1830s (Meyer & Plieninger 1844;

Huene 1922); see fig. 50). The exact number of vertebrae poses only a minor prob-

lem regarding the relative length of the trunk, because the uncertainty is a matter of

two or three vertebrae only. Plieninger, Fraas, and Huene estimated the number
as in between 27 and 30, and among the new material two specimens from Kupfer-

zeil suggest a similar presacral count (27-29). The proportions of the presacral col-

umn relative to the skull and limb elements is also relatively clear, because there are

at least two specimens in which associated finds were made (SMNS 56633 from Gail-

dorf and SMNS 80913 from Kupferzell).

The historical development of the various populär reconstructions of Mastodon-

saurus giganteus is very interesting. Owen (1841) among others stressed the idea

that the species belongs to amphibians, but he conceived anurans as the most ap-

propriate Recent equivalents rather than Salamanders which were favoured by

Jaeger (1828). Quenstedt (1850) explicitly foUowed Owen, although his main
interest lay in the tympanum. Ever since then, numerous life reconstructions ap-

peared with Mastodonsaurus being a giant frog-like amphibian. Both Owen and

Quenstedt were highly influential, which may have contributed to the long per-

sistence of this concept. A second reason may be the predominance of cranial ma-
terial and also the tendency to largely neglect the scanty postcranial remains, a ten-

dency typical of capitosaur palaeontology in general (see however Watson 1958,

OcHEV 1972, and Howie 1970 for exceptions). Therefore reconstructions of the

whole animal remained a subject of populär treatments to a large extent. Huene
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(1922), who still could rely on all original material from Gaildorf, only tentatively

figured a series of intercentra. Watson (1919), having seen parts of the material on-

ly during a brief visit, drew a sketch of a much too short trunk and did not give a

presacral count. After the disappearance of parts of the material to which Plie-

NiNGER (1844) had referred, no further attempts to reconstruct the skeleton of

Mastodonsaurus were published.

Other capitosaur reconstructions were exclusively guided by the vast existing

knowledge on other basal tetrapods. These studies already demonstrated a fairly

conservative morphology within capitosaurs, especially regarding the proportion of

the capitosaur trunk (Huene 1956; Watson 1958; Ochev 1972). The study of the

original material reveals that the finds from Gaildorf were nearly sufficient to recon-

struct the skull, the girdles, and the axial skeleton of Mastodonsaurus appropriately,

with the exception of the morphology of the trunk ribs and the structure of the tail

base. Plieninger (1844), Fraas (1889), and Huene (1922) did not hesitate to men-

tion that the trunk was elongate and the overall proportions that of a crocodile. In

addition, the length of the tail was in the literature of the last decades throughout

considered similar to that of other tailed amphibians (see already Huene 1922).

Fortunately there are at least two partially articulated specimens from Kupferzell

with supposedly complete presacral columns, a medium-sized (SMNS 80913) and a

truly giant specimen (SMNS 81310). They Supplement the data gathered from the

Gaildorf material, and in sum there can be no doubt that the trunk of Mastodonsau-

rus giganteus was fairly long, reaching nearly two times the length of the skull roof .

This matches almost exactly Watson's (1958) reconstruction of Paracyclotosaurus

davidi. Herein the reconstruction relies on several, independent lines of evidence, as

listed in section 4. 1 am much indebted to R. Wild, J.G. Wegele, H. Hagdorn, and

W. Kugler for various valuable observations.

SMNS 80913 comprises a fragmentary skull and a disarticulated presacral column

of 28 vertebrae. Both skull and intercentra are affected by compaction, but only

moderately crushed or distorted. SMNS 81310 (Riesenexemplar) is an assemblage of

skull fragments, a complete lower jaw, 30 presacral vertebrae, 6-8 neural arches,

about 20 ribs, and 6 caudal vertebrae.

Each vertebral segment consists of (1) an intercentrum, (2) a pleurocentrum, and

(3) a neural arch. The intercentra are very well ossified, high, and form almost com-

plete disks, whereas the pleurocentra are minute, supposedly rudimentary ossifica-

tions. This architecture was termed the stereospondylous condition (Zittel 1887;

Fraas 1889; Watson 1919: 60). Moreover, mastodonsaur morphology was general-

ly regarded as a 'terminal point' of vertebral evolution in stereospondyl temnospon-

dyls. Watson (1919) and Romer (1947) conceived the Stereospondyh to be a natu-

ral group because of the widespread tendency to enlarge the intercentrum and re-

duce the pleurocentrum in capitosaurs. Rhinesuchus and Benthosuchus were seen as

perfect intermediate (neorhachitome) stages, connecting Lower Permian eryopids

with Triassic capitosaurs.

Mastodonsaurus has the most strongly ossified presacral intercentra among capit-

osaurs. Despite differences in transverse section, they are remarkably similar

throughout the trunk (fig. 28). In particular their height does almost not decrease to-

wards the sacrum. The most similar intercentra are known from Eryosuchus, partic-

ularly E. tverdochlebovi, which are relatively large, well-ossified capitosaurs from

the Southern Urals (Ochev 1972). In this species the intercentra are not entirely
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closed dorsally, but despite this are very high and thickened such as in Mastodonsau-

rus giganteus. Their characteristic shape in lateral view is that of a trapezoid (fig. 30).

Metoposaurids are similar to the aforementioned species in that the intercentra form

complete disks and are comparably thick. They differ clearly by being much lower

and opisthocoelous, with a ball-and-socket articulation between one another. Irre-

spective of the size, all other capitosaurs differ from Mastodonsaurus much more
than Eryosuchus and the metoposaurs.

There is no proatlas (in contrast to the temnospondyls Eryops and Sderocephalns),

and both the atlas and axis are much more differentiated than in plesiomorphic gen-

era (fig. 29). The structure of atlas and axis is fairly constant among well-known ca-

pitosaurs {Paracyclotosaurus Watson 1958, Eryosuchus Ochev 1972) and metopo-

saurs (Sawin 1945). It is clearly correlated with the structure and size of the unusu-

ally large occipital condyles in these groups. The axis and third vertebra of

Mastodonsaurus giganteus are generally similar in structure, differing clearly from
both the atlas and all subsequent vertebrae (fig. 29). In both units the intercentra are

low and fairly broad, the apophyses closely set and aligned in a vertical line, and the

neural arches are fused dorsally to the intercentra. Thus the first three vertebrae also

differ from all foUowing ones by the position of the neural arch relative to the inter-

centrum: they together make up one single ossification, and the neural arches do not

alternate with the intercentra such as is typical of rhachitomous and stereospondy-

lous vertebrae.

The trunk vertebrae are basically very similar in size, breadth, and composition

(fig. 30); however, their morphology becomes more rudimentary tailwards (fig. 31).

The pleurocentra are apparently present throughout the presacral column, and the

alternating position of intercentra and neural arches is found at least up to the sacral

vertebra. The Situation in the tail skeleton, however, needs to be partially recon-

structed by inference of data from other capitosaurs. Differences between trunk

intercentra affect mainly their height, the structure of the dorsal side, and the size of

the unossified region in the vicinity of the supposed chorda rudiment. In addition,

on the flanks the position and shape of the parapophysis differ, and ventrally the

general relief of the intercentrum changes while approaching tailwards. The neural

arches of different trunk regions vary with respect to the length of the transverse

process and the structure of the rib articulation (diapophysis), as well as the height

and orientation of the processus spinosus. In the middle trunk region (understood

here as the largest part of the trunk except the first four and the last three vertebrae)

the transverse processes are markedly longer than elsewhere, and the processus spi-

nosi highest and most strongly ossified.

Preservation

The Kupferzell material, as well as isolated finds from other localities in the Un-
tere Graue Mergel, is peculiar in that most intercentra are badly crushed, conspicu-

ously deformed, or both. In general, both intercentra and pleurocentra have a spong-

ious internal structure, which becomes more clearly established during later devel-

opment and reaches an extreme in the largest known mastodonsaur intercentra

(catalogued as 'Riesenexemplar'). There the outer bone increments have suffered

conspicuously more damage by compaction than the central parts. The characteris-

tic effect of this compaction is a wrapping of the peripheral bone layers around the
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more massively ossified, spool-shaped centre. Reconstruction of these largest inter-

centra needs to rely on rare finds of uncompacted specimens, which were largely

made in other localities, notably the Eschenau quarry. In the latter site generally a

mode of compaction different to that in Kupferzeil is observed (R. "Wild, pers.

comm.).

The raised anterior margins of the parapophyses are frequently fractured, as they

are very delicate and thin-walled structures. In other specimens the parapophyses

are flattened and have the appearance of large ears which increase the breadth of the

intercentrum as compared to unaffected specimens. Apparently in posterior inter-

centra, in which the parapophyses are less massive than further anterior, such a flat-

tening occured more frequently.

Contrary to the intercentra, the neural arches are generally rarely found. Their de-

gree of ossification is much lower than that of the intercentra, and their processes

and zygapophyses readily go into pieces even in well-preserved specimens. In many
cases the zygapophyses are entirely worn off. At least in some of these cases a limit-

ed predepositional transport of the bones is probable. There are basically two differ-

ent modes of preservation among the neural arches at Kupferzell. (1) Complete Cle-

ments which are dorsoventrally flattened and tend to be rather deformed than

crushed, and (2) medially separated arch elements with the transverse process brok-

en, but well-preserved zygapophyses. In order to gain a complete understanding of

mastodonsaur neural arch structure, specimens of both preservational types need be

considered. The small number of neural arches in the Kupferzeil sample allows re-

construction of only three types of neural arches. The articulated presacral column

fragment from Gaildorf complementarily permits Observation of gradual changes in

the morphology of the neural arches.

Terminology for vertebrae

The vertebral segment of Mastodonsaurus giganteus has often been figured

throughout the literature, although it had not been particularly well studied. The
Gaildorf material is not very informative in the present, rather poor State of prepar-

ation. The new material, particularly from Kupferzeil, allows much deeper insight

into the anatomy of each vertebral component, revealing various hitherto unknown
structures.

HowiE (1970) gave a valuable review of the structure and arrangement of the

components in the vertebral segment, to which I shall return in the reconstruction

section. The State of knowledge on the vertebral segment now reached by the Kup-
ferzeil and Ilshofen material, however, makes a revision and refinement of termino-

logy necessary. Most of these terms will be applicable to other temnospondyl

groups, as well.

I should like to add the foUowing terms (see figs. 28, 32, 33):

1. Intercentrum:

- Latera: The smooth and concave flank of the cylindrical intercentrum (which

varies in height as viewed from the side).

- Facies pleurocentralis: The facet for the pleurocentrum on the anterior face

of the intercentrum.

- Tuber articularis: The attachment site for the neural arch, in most intercentra

situated dorsal and posterior to the facies pleurocentri.
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Fig. 29. The first four (or 'cervical') vertebrae of Mastodonsaurus giganteus from different

perspectives. The shape changes of the intercentrum and spinal process are particu-

larly remarkable. Note that there are no pleurocentra figured (they are present from

the axis on), and that in the fourth (IV) vertebra the neural arch was loosely attached

to the intercentrum, and therefore is not figured here.

2. Neural arch:

- Arcus vertebri: The are framing the neural canal, formed by the processus spi-

nosus dorsally and the processus transversi laterally.

- Facies pleurocentralis: The articulation facet for the pleurocentrum, situated

entirely on the posterior side of the processus transversus and facing posterome-

dially.
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- Facies intercentralis: The facet for the attachment to the tuber articularis of

the intercentrum.

- Sulcus medialis: The unpaired and medial countersunk area on the anterior

and posterior sides of the neural arch, where the countersided elements are fused,

the term being applicable to both front and back side.

3. Pleurocentrum:

- Sulcus anterior: The markedly curved and laterally narrowing groove on the

anterior facet of the pleurocentrum, which articulates with the neural arch.

The atlas

The atlas of Mastodonsaurus was identified and described by Plieninger (1844)

and later again mentioned and figured by Fraas (1889). Further, both Plieninger

(cit.) and Huene (1922) briefly described the dement on the basis of the rather poor

Gaildorf material. The most conspicuous feature mentioned by these early authors

is the bilobed anterior surface, forming the articulation facets for the giant occipital

condyles.

Capitosaur atlantes have been long known as elaborate structures which differ

markedly from those of plesiomorphic genera such as Eryops (Moulton 1974),

Sclerocephalus (Boy 1988), Platyoposaurus (Konzhukova 1955), and even Lydek-

kerina (Broili & Schroeder 1937a). In these genera, the atlas has a minute neural

arch which is dorsally slender and pointed and the intercentrum is not larger than

those of the foUowing vertebrae. The atlanto-occipital articulation facet may be Sin-

gle as in Eryops megacephalus (pers. exam.) or bilobed such as in Platyoposaurus

stuckenbergi (Konzhukova 1955: fig. 16), but it is throughout strongly concave.

The atlas of Mastodonsaurus is typical capitosaurid in being clearly larger and es-

pecially wider than the axis and all subsequent vertebrae (fig. 29). It lacks a para-

pophysis, and the neural arch has no transverse process and consequently lacks a di-

apophysis (see Huene 1922: 401), and finally also has no postzygapophyses. As

compared to all subsequent intercentra, that of the atlas is the most completely ossi-

fied, meaning that it practically forms a complete cylinder, which anteriorly widens

to give two completely rounded and separated facets. Throughout the known devel-

opmental stages, it forms a dorsally completed cylinder with a smooth, equally

broad latera vertebrae that is only interrupted by the small articulation facets for the

tiny neural arch. The posterior side is strongly concave, forming a single, transverse-

ly elongated oval.

The neural arch elements are low, orientated straight vertically, and tightly fit on-

to the otherwise smooth dorsal surface of the atlantal intercentrum. They are often

found in Isolation and may not readily appear as elements of the axial skeleton,

therefore fewer specimens are available than of atlantal Intercentra. In Mastodonsau-

rus (Huene 1922) they are much stouter than in other temnospondyls, and their

dorsal ends are broadened with and covered by marked crests suggesting fleshy

muscular origins. The general structure of each dement is tetrahedral, with a rather

small facies intercentralis but a broad, rectangular attachment face for the counter-

sided dement. There is no proper arch present, as the elements fail to meet dorsally

where they are only very rudimentarily ossified leaving unfinished posteromedial

surfaces. In sum, the neural arch of the atlas consists of rudiments of the transverse

process (namely only its medialmost portion which attaches to the intercentrum)

and a dorsomedially low, unfinished spinal process.
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The axis

The axis is smaller than the atlas and in most aspects resembles the structure of the

subsequent trunk vertebrae. It consists of a relatively low intercentrum and a

straight vertical, complete neural arch which is broadly fused to the intercentrum. In

Mastodonsaurus the axis is nevertheless a peculiar and diagnostic dement, which dif-

fers in several aspects from axes of other temnospondyls (fig. 29). First it is special-

ised in having a corivex anterior surface. Second the latera is distinctly narrower than

in all subsequent intercentra. Third the intercentrum is much lower than those of

most other trunk vertebrae, and consequently the chordal canal is dorsally open.

HuENE (1922) interpreted the low height of the axial intercentrum as a result of de-

formation in the single specimen he examined, but the Kupferzell material demon-
strates that indeed it is much lower than the succeeding ones.

There are definitely paired pleurocentra posterior to the axis, as they are found at-

tached to large facies pleurocentrales on the posterior side of the axial neural arch.

Anterior pleurocentra, belonging to the atlas, were not found, but cannot be ruled

out from the depressions on the dorsolateral parts of the anterior face of the axial

intercentrum which are suggestive of this.

The shape of the convexity of the anterior face is transversely oval, with the paired

apices sitting lateral to the well-established chorda incisure. The surface of the ante-

rior side is covered by numerous very large pores and minor depressions. The pos-

terior face is markedly concave, very much like that of the atlantal intercentrum. The
latera of the axial intercentrum is smooth, except for the parapophysis which it bears

about in the ventral third of its height. The parapophyseal facet is round to slightly

vertically oval, and relatively close to the diapophysis. The transverse process is

short, and the diapophyseal facet is a vertically elongate oval.

The neural arch is of nearly the same height as subsequent arches but according to

the articulated finds it sits straight vertically on top of the intercentrum. Rather weak
pre- and postzygapophyses are present.

Third intercentrum

In the third vertebra the neural arch is more clearly separate from the intercen-

trum and is less firmly attached to it than in the axis. The intercentrum is much high-

er than that of the axis, attaining a nearly circular transverse area (fig. 29). There is a

marked vertical slit-like chorda foramen in the upper third of the bone. The anteri-

or surface of the intercentrum is very markedly convex, with the unpaired apex sit-

uated ventral to the centre of the dement. The most elevated region of this convex-

ity is heart-shaped. The facies pleurocentralis is large and strongly curved dorsoven-

trally.

The dorsal fusion of the intercentrum above the chorda canal is only very faint,

leaving a larger area especially posterior to the chorda foramen unossified. Ventrally

the latera of the intercentrum is broad and has a prominent relief. There is a medial,

sagittal groove and marked, paired lateral depressions. The convex anterior surface

of the bone excels the ventral margin by far. Contrary, the posterior side is clearly

concave such as in the axis.

The rib articulation facets are closely set, but farther apart than in the axis. In ad-

dition, the geometry of their articulation facets differs. They are long-oval, the dia-

pophysis being larger than the parapophysis.
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Fig. 30. Selected intercentra of medium-sized specimen of Mastodonsaurus giganteus in lat-

eral view. The relative position and morphology of the parapophysis, the height, and
the shape of the latera are features according to which the relative sequence of inter-

centra and ribs within the vertebral column can be approximated.

Anterior thoracal intercentra

The following suite of features characterizes the typical thoracal intercentrum in

Mastodonsaurus giganteus: (1) it is a nearly complete disk with slightly concave an-

terior and posterior surfaces (hence very weakly amphicoelus), (2) the latera of the

disk is throughout very markedly concave and smooth, ending at the margins of the

distinctly flattened top of the disk, (3) this top is roughened and has an irregulär re-

lief, which is roughly concave dorsally, bearing the facies pleurocentralis anteriorly

and the tuber articularis posteriorly, (4) the parapophysis rises from variable posi-
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tions within the latera, this position depending on that of the vertebra in the column,

and (5) near the top there is a well-established foramen for the chorda rudiment,

which is to a variable degree emplaced on a small convexity, dorsal to the concave

centre of the disk (figs. 28, 30, 31). The parapophysis is often extended posteriorly to

expand onto the posterior rim of the latera, and the distal length of the parapophy-

sis varies also with respect to the position of the vertebra.

Further characteristics are as follows: paired facies pleurocentrales are found

throughout lateral to the chorda foramen, matching well the size, orientation, and

shape of the pleurocentra attached to them. The intercentra of the first vertebrae

are readily recognised by their relative size, the great thickness of their dorsal part,

and most importantly the relative position of the parapophysis. Unlike in all other

capitosaurs, mastodonsaur intercentra generally constitute almost complete disks

in transverse view. This is what was formerly concieved the stereospondylous con-

dition (Watson 1919; Bystrow & Efremov 1940; Romer 1947, 1966), but its con-

vergent acquisition in the Metoposauridae demonstrates that this term is proble-

matic. The mastodonsaur intercentrum originates by a complete fusion of the typ-

ical, crescent-shaped centrum of other capitosaurs. Heptasaurus and Eryosuchus

exemplify this, having slightly less massive intercentra than M. giganteus; the for-

mer might be interpreted as a phylogenetical morphocline towards the condition of

the latter. The resulting shape is very characteristic, and definitely diagnostic for

the genus Mastodonsaurhs: a dorsally slightly narrowing disk, weakly amphicoe-

lous, with high reaching, concave lateral flanks that reach dorsally well beyond the

parapophysis.

The anteriormost intercentra are peculiar in being transversely broader than all

subsequent intercentra. This is especially obvious in the ventral part of the centrum,

which tends to be laterally constricted in elements of further posterior positions.

The pleurocentral grooves are oriented almost horizontally, whereas further poste-

riorly they curve more clearly in ventral direction.

Posterior thoracal intercentra

The intercentra of the posterior trunk region are characterised by a gradually in-

creasing size and dorsal widening of the chorda foramen, a narrowing of the ventral

face of the latera, and an overall decrease in extent of ossification (figs. 30, 31). The
latera vertebrae successively falls to fuse dorsally, which Starts anteriorly, and in

XXVII finally arrives at a dorsally open intercentrum. Concomitantly the tubera ar-

ticulares of the neural arch become thinner and finally disappear, indicating looser

attachment of the transverse processes to the intercentrum. The parapophysis of all

these intercentra is clearly longer and migrates ventrally towards the sacrum. The
shape and size of the diapophysis and parapophysis become very similar caudally,

which results in the characteristic morphology of the head region in the correspond-

ing ribs. The transverse processes also greatly decrease in length in the posteriormost

presacral column.

Sacral intercentrum

Irrespective of the developmental stage, the sacral intercentrum of Mastodonsau-

rus is typically dorsally open, with a broad and deep reaching chorda incisure. The
pleurocentral facets at the posterior side form the most elevated regions of this ele-
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Fig. 31. Selected intercentra of the trunk and tail in Mastodonsaurus giganteus from an ante-

rior perspective. The anterior intercentra are high and form complete disks; the po-

sition of the chorda is indicated by a marked depression. Backwards, the intercentra

become ever more rudimentary in morphology, resembHng typical intercentra of

other stereospondyls. Note that the size of the pleurocentral facets, the degree of

concavity, the position of the parapophysis, and the size of the chorda incisure

change gradually along this chne. The posterior caudals possess well-developed hae-

mal arches, whose length is uncertain.

ment. Anteriorly the chordal incisure of the intercentrum is much wider. The sacral

intercentrum is distinctly lower than that of the foregoing vertebrae. In addition the

parapophysis is relatively smaller than that of most trunk intercentra, and the ven-

tral flank of the dement is narrower than in other vertebrae.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



SCHOCH, MASTODONSAURUS GIGANTEUS 103

Anterior caudal intercentra

The first four postsacral vertebrae differ only slightly from the sacral intercen-

trum. They are lower and more incomplete dorsally, leaving a wide chorda incisure

(figs. 30, 31). The parapophysis is situated very low, their lower margin being at one

level with the ventral rim of the element. They bear an elongated, long-oval to trian-

gulär facet, which is markedly directed posterolaterally. The capitulum must have

abutted at an angle of 45° towards the sagittal axis.

The outline of these intercentra in lateral view is triangulär with a markedly con-

cave ventral rim, that of the dorsal view horizontally rectangular. Anterior and pos-

terior aspects are basically similar. Pores are aligned concentrically in several narrow

zones of reduced ossification. The amount of cartilage cover was larger than in trunk

intercentra, as indicated by the clearly more roughened surfaces. The dorsal side,

which entirely forms the border of the large incisura chordalis, is covered by numer-
ous tubercles which are typical of cartilage-bone Interfaces. In none of these verte-

brae is there a facet for the neural arch. In the transverse plane the intercentrum dif-

fers from that of trunk vertebrae in being narrower and ventrally pointed.

Intermediate caudal intercentra

By the fifth caudal well-established haemal arches are present. The intercentra be-

come successively crescent-shaped, generally resembling the structure in the capito-

saur ground-plan (e.g. such as in Eryops, see Moulton 1974). The extent of ossifi-

cation is much smaller than in the anterior caudal intercentra. At the same time, the

surface structure differs in that transversely elongate grooves and short Channels

dominate over pores. The haemal arches instead are weakly ossified and smooth; in

most cases their ventralmost portions lacking.

The lateral flanks of the intercentra are much lower than in the anterior caudals,

and the position of the parapophysis is more ventral, at the posteroventral edge of

the bone. The facet is vertically oval and borne in part by the haemal arch. The direc-

tion of the articulation is unclear because of the strong preservational bias. The hae-

mal arch is long and directed slightly posteroventrally. Parapophyses are apparently

present at least up to the seventh or eighth caudal vertebra.

Posterior caudal intercentra

The Identification and proper assignment of the posteriormost caudals is difficult

for two reasons. The first is the occurrence of the small capitosaurid Kupferzellia

(ScHOCH 1997a) at the same locality, and that to date only the cranial anatomy of

this species is known. The second problem is that posteriormost caudals of capito-

saurs might be generally very similar even among distantly related genera. This is

suggested by the great general resemblance of capitosaur intercentra throughout the

Triassic worldwide (Howie 1970; Ochev 1972; Warren & Snell 1991).

The presence of haemal arches is the only criterion by which the position is un-

ambiguously clarified. Imperfect ossification, as frequently observed among these

finds, may be a feature related to the posterior position or alternatively the small size

of the vertebra, and thus cannot be decisive. In conclusion, the presence of masto-

donsaur posteriormost caudal intercentra is very probable and suggested by the

stout appearance and imperfect morphology of these vertebrae, although a belong-

ing to a smaller capitosaurid genus cannot be ruled out.
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sulcus medialis

Processus

spinosus

diapophysis

Fig. 32. The neural arch in a medium-sized specimen of Mastodonsaurus giganteus in poste-

rior view. The transverse process and the morphology of the facies pleurocentrahs

are subject to high Variation, but the height of the spinal process is usually constant

within the axial skeleton of the trunk. On the left side the pleurocentrum is figured

in articulation.

Neu ral arches

In contrast to the long bones and intercentra, the neural arches of Mastodonsau-

rus are weakly ossified and only very rarely well preserved in the Untere Graue Mer-

gel horizon. Much more Information, both about their anatomy and articulation, is

gathered from Gaildorf specimens housed in the collections at Stuttgart and

Tübingen. In addition, there are a few disarticulated, but very well-preserved and al-

most undistorted remains of very large neural arches from Kupferzell.

Meyer & Plieninger (1844) and Fraas (1889) briefly described and figured neu-

ral arch fragments from Gaildorf. A comparison of these elements with data on oth-

er basal tetrapods, however, w^as not carried out. Wepfer (1923) described poorly

preserved neural arches oi Heptasaurus from the Upper Buntsandstein locality Kap-

pel, and Konzhukova (1955) described and figured a fairly complete neural arch of

Mastodonsaurus torvus from Bashkortostan (see also Shishkin et al. 1995). Both

agree largely with the Gaildorf and Kupferzell material, which shall be described in

detail below.

The neural arches appear to be morphologically rather similar throughout the

presacral column (figs. 32, 33, 50). Their appearance first strikes by the low and

strongly posteriorly inclined processus spinosi. Each side of an arch pair consists of

(1) the low and posterodorsally directed processus spinosus, (2) the large and bowl-
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shaped prezygapophysis, (3) the small and weakly developed postzygapophysis, and

(4) the Processus transversus which carries the diapophysis and comprises the most
extended and massive, yet variable portion of the neural arch.

The Processus spinosus is inclined at an angle of 30° towards the horizontal plane

of the zygapophyses. It differs in size with respect to the position in the vertebral

column. It appears from isolated finds that neural arches with the largest transverse

processes also have the highest and most massive spinal processes. As I shall argue,

this probably means that the neural arches were highest in the middle trunk region,

and that their height decreased towards the tail less rapidly than towards the head.

The sulcus medialis is present throughout the presacral column, but more clearly de-

veloped in less massive neural arches. This suggests that the sulcus medialis is prin-

cipally only an artifact of the generally poor ossification, and the failure of the pro-

cesses to completely fuse in the midline.

The prezygapophysis forms a laterally broadening bowl whose floor inclines an-

teriorly. It is comparatively long, almost reaching the length of the base of the pro-

cessus spinosus. The prezygapophysis rises from the anterior contact zone between
the Processus transversus and spinosus. Its articulation facet has a long-oval outline

and a laterally elevated margin. The floor of the facet is roughened, and continues

posteromedially by bending into the oblique plane of the processus spinosus. There

might have been an almost continuous cartilage cover from the prezygapophysis

along the entire anteriomedial surface of the processus spinosus.

In contrast to the latter, the postzygapophysis is rather small and only faintly grows
out of the oblique plane of the processus spinosus. The surface of its facet is only 2/3

the size of the prezygapophysis. This has a shape of an anteriorly constricted oval, and
its margins are throughout not elevated above the level of the flat articular surface. The
facet inclines anteriorly to the same angle as the prezygapophysis, by which a tight

and complete fitting of the articular surfaces is accomplished. This does, however, not

preclude a limited lateral movement of two subsequent neural arches.

Finally the processus transversus is the largest and most complicated component
of the neural arch. It has a broad and very well-ossified base that is fused broadly to

the Processus spinosus. In anterior view the processus spinosi and pr. transversi of

both sides unite to form the solid arcus. The latter becomes higher but not broader

posterodorsally, so that its moderately flattened roof lies in the oblique plane of the

prae- and postzygapophyses. The arcus is ventrally constricted by medial projec-

tions of the processus transversus; the surface of these paired projections is rough-

ened. There the neural arch attaches to the dorsal bosses of the intercentrum (facies

intercentralis). Posterior to this, the posteroventral side of the processus transversus

tightly attaches to the pleurocentrum, leaving a well-defined facet for this dement
(facies pleurocentralis).

The neural arches of vertebrae III through XXVIII are of similar structure, but

differ especially in the length of the transverse processes, the morphology of the di-

apophyseal facet, and the expression of the zygapophyses. In section 4 the morpho-
logical differences of the neural arches in the different trunk regions are discussed.

Pleurocentra

The pleurocentra are small, imperfectly ossified and widely separated elements

(fig. 32, 33). They were first recorded among the Capitosauroidea by Howie (1970)
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CERVICAL SKELETON

parapophysis

INTER-
CENTRUM

anterior

Fig. 33. The spatial relations between intercentrum, pleurocentrum, and neural arch in Mas-
todonsaurus gigantens, and a reconstruction of the cervical portion in the axial skele-

ton. See section 4 on the lines of evidence for these reconstructions.

in the East African Parotosuchus pronus, and subsequently found by Ochev (1972)

in EryosHchus tverdochlehovi from the Southern Urals. Dutuit (1976) found true

pleurocentra in the metoposaurid Metoposaurus ouazzoui.

The plesiomorphic, "true rhachitomous" pleurocentra of Eryops (Moulton
1974), Sderocephalus (pers. exam.), Archegosaurus (Meyer 1858), and Platyoposau-

rus (KoNZHUKOVA 1955) generally agree among another in the foUowing features:
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they are relatively large quarter circles, sometimes fused dorsally, and form a dorsal

mirror-image of the low, crescent-shaped intercentrum. Consequently, the interver-

tebral borders run obliquely between pleurocentrum (vertebra A) and intercentrum

(vertebra B). The architecture in capitosaurs is not much different: yet, the interver-

tebral boundaries run largely subvertically between the large intercentra, but dorsal-

ly they bend into the oblique plane typical of the "rhachitomous" vertebrae.

The pleurocentra of Parotosuchus pronus instead are throughout very similar to

those of Mastodonsaurus giganteus. They are attached to the posteroventral side of

the Processus transversi and near the posterodorsal surface of the intercentrum with-

out actually attaching to it. There is no contact between a pleurocentrum of vertebra

A and the intercentrum of vertebra B as has been sometimes suggested. Intercen-

trum, neural arch, and pleurocentrum (right sequence !) of each vertebra form a

closed Unit, whose only ossified contacts to other vertebrae are established by means

of the zygapophyses. This was clarified by Howie (1970), but the "stereospondy-

lous" condition of capitosaurs is still largely cited in the traditional restoration

which based on an erroneous Interpretation of Mastodonsaurus giganteus (e.g. Car-

ROLL 1988).

The pleurocentra become more massive and differentiated with increasing size in

Mastodonsaurus. The shape of the posterior trunk pleurocentra is stouter; they are

shorter (matching the shortness of the transverse processes) and deeper. The three-

dimensional shape of these elements is, however, uncertain as all finds from this re-

gion are seriously affected by compaction.

Trunk ribs

Numerous ribs were found associated with disarticulated or partially articulated

specimens during the Kupferzeil excavation. In addition there is a large sample of

isolated ribs, many of which are well-preserved and fairly complete, from the same

and similar localities of the same horizon (H. Hagdorn, pers. comm.). The Gail-

dorf material has not produced many valuable costal remains. The best-preserved

ribs among the material found before the Kupferzell excavation came from the Mu-
schelkalk-Keuper Grenzbonebed, housed at Stuttgart and Tübingen.

Meyer & Plieninger (1844), Fraas (1889) and Huene (1922) described and fig-

ured largely fragmentary rib material, and also pointed out the conspicuous poly-

morphism of mastodonsaur ribs. However, the assignment of a certain rib type to a

vertebral position within the column remained entirely obscure, and none of the au-

thors seems to have been aware of the extent of rib polymorphism, which is by itself

a most characteristic feature of Mastodonsaurus as compared to many other temno-

spondyls.

Among the 27-29 presacral vertebrae, there are at least twenty different rib shapes

(figs. 34-37), and in most cases the relative position in the trunk can be ascertained

relatively precisely for these ribs (see reconstruction). This is possible because of the

limited individual Variation and the minor ontogenetic changes in rib morphology,

as exemplified by various similar ribs of very different size. The costal apparatus of

Mastodonsaurus was more elaborate than that of Eryops or Sclerocephalus, and cer-

tainly excells the morphological diversity found usually among capitosaurs. Eryosu-

chus is, judging from Ochev's (1972) reconstruction, the most similar taxon in this

respect. The sequence of rib types treated below foUows the results of the recon-
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struction as discussed in section 4. The distinction of rib types is made according to

(1) morphology of the head region, (2) presence and expression of proximal and dis-

tal uncinate processes, (3) length, (4) relative position of bending point, and (5) mor-

phology of the distal end. There is a fewer number of designated types than mor-

phologies found, because some morphologies appear to have been subject to contin-

uous Variation; this concerns particularly the anterior and intermediate thoracal

costae.

The following rib terminology is suggested (fig. 34):

- Caput tubercularis: The process bearing the tuberculum,

- Tuberculum: Only the facet for the articulation with the diapophysis,

- Caput capitularis: The process bearing the capitulum,

- Capitulum: The facet for the articulation with the parapophysis,

- Stylus costae: The shaft of the rib,

- Incisura capitis: The region that separates the two heads,

- Crista tubercularis and crista capitularis: They run on the proximal-

dorsal side of the rib heads,

- Processus uncinatus proximalis: A crest or irregulär outgrowth on the

posterior flank of the dorsal rib face, proximal to the bending point of the Stylus,

- Processus uncinatus distalis: Same as before, but distal to the bending

point.

Rib type A

This rib type is moderately long, markedly bent at about midlength, and has only

slightly broadened proximal and distal ends (fig. 34, below). Capitulum and tuber-

culum are closely set, both almost round, and of nearly similar size. There are clear-

ly two proximal heads which are separated by a well-established incisura capitis. The

shafts of the capitular and tubercular heads converge distally at about one third of

the rib's length, proximally being divided by a furrow on the ventral side. The dor-

sal side of the rib is largely smooth, with a tenuous crest rising from the caput tuber-

culi. This is highest at about the point where the shafts of the proximal heads meet,

and continuously decreases towards the bending point of the costa; following the

before mentioned criteria, this is (serially) homologous to the processus uncinatus

proximalis (UPP). The geometry of capitulum and tuberculum is similar, both are

oval to round, and the former is only slightly larger than the latter. Finally the distal

end is moderatley wide, with an dorsoventrally compressed cross-sectional area.

Rib type B

This type is longer than A, and its most diagnostic feature is the broadened Stylus

immediately distal to the head region (fig. 34, below). There are well-defined capit-

ular and tubercular crests, which unite relatively further distal than in type A. A def-

inite proximal uncinate rises close to the bending point of the shaft, being inforced

by a medial column which converges with the long axis of the proximal portion of

the rib at an angle of 30°. The size and morphology of a distal uncinate process

(UDP) is uncertain, but apparently was much elongate and blade-like, unlike the

rather small proximal process. The tuberculum is much longer than the capitulum,

and dorsally widens markedly. In cross-section, the rib attains the shape of a comma,

which is a rather typical feature of large capitosaurs (Howie 1970). In addition, the
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Fig. 34. The morphology and articulation of ribs in medium-sized specimens of Mastodon-
saurus giganteus. Above, anterior trunk Hb with associated intercentrum and neural

arch. The rib is well bent in the distal part and bears two or more uncinate processes.

One of these, the distal uncinate, may form an extensive blade. Below, third and

fourth intercentra with probably matching ribs, types A and B as descibed in the

text. Right, the two rib heads in rib types A (left) and B (right).

centre of the proximal portion, about at the level where the tubercular and capitular

crests unite, is the most elevated part of the rib. The distal portion shallows contin-

uously, but the Stylus does not loose its blade-like appearance up to the end. In pos-

terior view the rib is curved in sigmoid fashion and bears a proximally widened plate

between the proximal uncinate process and the tuberculum, which has several

prominent muscle scar fields.
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Rib type C

This is the most complicated among the thoracal costae. It basically is of the same

design as the aforementioned, especially in the morphology of the caput region, the

Overall curvature, and the course and point of convergence of the capitular and tu-

bercular crests. It differs in being more stout proximally in having a larger UDP with

stepped margin, and in the longer distal Stylus. The bending point is generally not as

pronounced as that of all subsequent rib types, and the head region is lacks the dif-

ferentiation into an elongated tuberculum and a short capitulum, which corresponds

with a distally elongated transverse process.

Rib type D

This is a characteristic rib type with a fairly general design that may be found

among many large actinodontid-grade and capitosaur temnospondyls (Fraas 1889;

MouLTON 1974; Konzhukova 1955; Lehman 1955). There are two very pro-

nounced and well separated uncinate processes (fig. 35). The capitulum is longitudi-

nally oval and slender, the tuberculum wider and larger, and the two are separated by

a strongly asymmetrical incisura capitis, which tapers towards the tuberculum in

side view, and actually forms a continuous articulation facet for the ventral rim of the

transverse process. Thus, not only the tuberculum itself but also the incisura capitis

forms the tubercular Joint, and the corresponding transverse process bears a ventral

facet additional to the diapophysis.

The rib is not curved in the transverse plane, but almost flat. Dorsally clear-cut tu-

bercular and capitular crests are borne which have a more marginal position as com-

pared to the aforementioned rib types. There is a third and more stout crest in

between, which does, however, not reach the caput region proper. The main crests

unite at about the level of the proximal uncinate process, which is smaller and better

defined than in the other ribs. It is medially thickened and has a pointed end. Distal

to their point of unification the crests form a higher and wider keel, which finally

opens to give a rapidly sloping and flattened surface, which entirely merges into the

distal uncinate process. The latter forms a prominent, but throughout thin blade

with well rounded, convex posterior margin. The rib is longer than the previously

described ones, and the Stylus broadens in the distalmost part, where still an anteri-

or columnar portion and a posterior blade-like portion can be distinguished in

cross-section. The anterior rim of the rib is rather shallow proximally and distally,

but bends into a more vertical plane in the middle, where it bears muscle scars.

Rib type E

The principal architecture is similar to that of rib type D (fig. 35). The differences

are (1) the longer and slenderer proximal portion (especially proximal to the proxi-

mal uncinate process), which suggests a widening of the trunk region, and (2) a more
clearly established differentiation of tuberculum and capitulum. The crests are

shorter and shallower, and the distalmost portion of the Stylus is slightly shorter.

Consequently, the bending point is farther outside than in the aforementioned ribs,

but the distal portion does not reach as deep as in more anterior rib types.
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Rib type F

It differs from the forerunners in (1) the larger and further distally situated UDP,

(2) the clearer differentiation of capitulum and tuberculum, suggesting a distally el-

ongate transverse process, and (3) a stronger bending of the Stylus in general (fig. 35).

The tuberculum is trilobed, distally orientated in an oblique, proximally almost hor-

izontal plane (where it articulates with the ventral part of the transverse process),

whereas the capitulum is longitudinally oval. The degree of curvature in the hori-

zontal plane is larger than in the aforementioned ribs, and it differs from that of the

first trunk ribs by not being sigmoidal, but simply convex with the apex at about

midlength. Both uncinate processes are larger, and the distal portion of the UDP
parallels the course of the Stylus. Eventually there may be a thin crest proximal to the

UFP.

Rib type G

In this rib type the degree of bending has reached a maximum, and the position of

the UDP is much further distal, nearing the distal end of the dement (fig. 35). This

rib is of the same length as the last mentioned, but lacks definite crests on the prox-

imal end. Instead, there runs a well-defined groove which rises at the incisura capitis

and disappears proximal to the UPP. The UDP is shallower than in F, and its poste-

rodorsal margin is convex; there is no pointed distal end.

Rib type H

This rib bears only a tiny distal uncinate process, which rises from the otherwise

completely rod-like shaft (fig. 36). The diameter of the shaft is similar for more than

2/3 of the dement, but proximally changes continually to give a much dongated tu-

bercular facet. The main differences to G are the lesser degree of curvature and the

greater length of the tuberculum.

A medial crest runs from the dorsal edge of the capitulum distally, but terminates

before the long axes of the two proximal heads meet. The proximal portion of the

dorsal surface again is covered by numerous ridges and striations. On the contrary,

the ventral side is smooth, but bears a central groove that originates from the Separ-

ation of the two proximal heads and finally converges into a more distal crest that

runs along the main axis of the shaft up to the distal end. The latter is tripartite and

has a median, raised area. There are many intermediate morphologies conceivable

between ribs G and H, although the similar length of the ribs and the comparable

Position of the centre of the distal uncinate process suggests that they were rather

dose to one another.

Rib type I

This dement has a more slender and shorter shaft and a faintly devdoped uncinate

shelf over more than half of its length (fig. 36). The tuberculum more clearly rises

from the main axis, but the facet is slightly shorter than in the latter rib types. The
dorsal surface of the proximal portion is largely smooth with only a few tiny and

very faint ridges. Instead of an uncinate process there is a continuous shelf; this can-

not be subdivided into a proximal and a distal portion such as in the more anterior

ribs.
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TYPED

TYPEE

TYPEF

TYPEG

Fig. 35. The morphology of four anterior thoracal rib types in a medium-sized specimen of

Mastodonsaurus giganteus. Remarkably, the distal uncinate process migrates distal-

ly with increasing distance to the atlas. Also, the distance between proximal and dis-

tal uncinates becomes larger. The dorsal rib head, or tuberculum, becomes shorter to

accommodate a larger transverse process in the middle of the trunk.
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TYPEH

TYPEI

TYPEJ

TYPEK

5 cm
TYPEL

Fig. 36. The morphology of five posterior thoracal rib types in a medium-sized specimen of

Mastodonsaurus giganteus. The uncinate processes have almost disappeared in this

region, and the ribs become clearly shorter and more simple in morphology.

Rib type J

Much shorter and less curved than I, this rib type has a more pronounced uncinate

shelf and a similar tuberculum (fig. 36). The distal end is thinner, and in contrast to

the latter two rib types it has a simple oval cross-section. The Stylus is more flattened

than in all aforementioned ribs.

Rib type K

The following ribs - there are manifold variations to a simple general type - are

short, straight and flattened rods with a relatively very large head. The tuberculum is
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proportionately smaller than in the former rib types, and there are almost no traces

of an uncinate shelf. The distal end may be broadened, but always has a long-oval

distal face.

Rib type L

These ribs are the shortest in the whole series, being even smaller than most cau-

dal ribs (fig. 36). Their structure is utmost simple, with an almost symmetrical head

(tuberculum and capitulum are of almost similar size and shape) and a Stylus which

is only faintly longer than the head region. The latter bears thin crests, but otherwise

the rib surface is largely smooth.

Rib type M
The sacral rib of Mastodonsaurus giganteus is a fairly diagnostic element (fig. 37),

and the SMNS possesses a good sample of well-preserved specimens of different si-

zes. These are throughout isolated finds, so that an assignment of this rib to a partic-

ular vertebra must rely on anatomical evidence and comparison to other taxa.

HuENE (1922: fig. 3) identified a questionable rib find as sacral rib on the basis of

Case's (1911) description of the sacrum in Eryops megacephalus. His specimen is,

however, fragmentary and quite different from the generally similar capitosaur ribs;

moreover there is little resemblance to the sacral rib of Eryops. According to all pres-

ently available evidence, Huene's specimen is the proximal end of a posterior trunk

rib.

Sacral ribs of temnospondyls were described in the dissorophid Cacops (Willis-

ton 1910), the eryopid Eryops (Gase 1911; Olson 1936), and the capitosauroids

Uranocentrodon (van Hoepen 1915: pl. 9fig. 2), Metoposaurus ouazzoui (Dutuit

1976: fig. 47), Benthosuchus (Bystrow & Efremov 1940), Parotosuchus pronus

(HowiE 1970), and Eryosuchus garjainovi (Ochev 1972). From the aforementioned

genera, the sacral rib of Parotosuchus pronus bears the greatest resmblance to rib

type M. The morphology of this element is so unique that a confusion with other

ribs from the same locality can be ruled out. There is, however, much Variation in the

morphology of this element.

The element is relatively short and stout, and proximal and distal portions are

roughly symmetrical. The rib is clearly two-headed, with a narrow capitulum and a

rather broad tuberculum. The distal end is posteriorly longer, its ventrally directed

margin tapering continuously upwards. The lateral side has a more distinct relief

than the medial one; it has a sculptured elevation about at midlength of the element,

where the shaft reaches its narrowest width. The capitulum bears a prominent cen-

tral ridge that converges towards the sculptured region. The region distal to the tu-

berculum is depressed and covered by numerous pores. In general, the surface of the

sacral rib contains numerous tiny (? nutritive) foramina which are sometimes found

at the end of a groove. From the sculptured and elevated region there runs a diago-

nal, flattened ridge towards the anteroventral margin of the distal end. Adjoining to

this ridge there runs a narrow zone of intensely roughened bone which resembles

muscular attachments such as found on the ilium or humerus. It is most obvious that

this formed the attachment site for the ilio-sacral ligament (Olson 1936).
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Caudal ribs

The presence of caudal ribs in Mastodonsaurus is indicated by well-defined para-

pophyses in the anterior caudal intercentra (figs. 30, 31). The diversity among these

intercentra and the variable position of their parapophyses suggests a larger number

of caudal ribs. There are rib-bearing intercentra with and without haemal arches.

Few tail skeletons of other capitosauroids are known, notably the rhinesuchid

Uranocentrodon senekalensis (van Hoepen 1915: 138), the metoposaurid Metopo-

saurus ouazzoui (Dutuit 1976: 119), and the capitosaurid Paracyclotosaurus davidi

(Watson 1958: 247). The number of caudal ribs in these species is 9 (8?) in Urano-

centrodon, 8 in Paracyclotosaurus, and unknown in Metoposaurus. In all these the

caudal ribs are rather similar and uniform, being short and well-bent rods with a Sin-

gle head. The case is different in Mastodonsaurus, where the diversity of caudal ribs

is much greater, and the morphology unexpectedly more complicated. Their general

design can be derived from that of the sacral rib. In particular, the tuberculum and

capitulum are similar in shape and size, so that the proximal portion of the rib is

symmetrical. By this they differ from most thoracal rib types, except for the anteri-

ormost ("cervical") and the last presacral ribs. They differ from the latter types by

being longer and by the existence of uncinate processes of a special design. The

structure of these processes is similar to the distal end of the sacral rib, where only

the uncinate process is thicker and takes part in the formation of the distal end. The

sequence of caudal ribs as treated here follows the reasoning explained in section 4.

Only the most distinct types are described here, but there may be manifold interme-

diate morphologies, suggesting either individual Variation or an even greater length

of the rib-bearing tail portion.

Anterior caudal rib types (N-Q)

The first caudal ribs are generally similar to the sacral rib (fig. 37). The main dif-

ference is that the uncinate process is much slenderer in these. Throughout these

ribs, the uncinate process is an elongate, cultriform outgrowth of the posterodorsal

margin, sometimes embedded in a continuous and shallow crest or shelf. The main

difference to the anterior thoracal ribs is that this uncinate process is nearly perpen-

dicular to the main axis of the Stylus, and has a stilette-like appearance. The ribs are

only slightly curved, with the apex at about the level of the uncinate process. The

length is similar to that of the sacral rib. Their distal portions are narrow and

straight, with a flattened cross-sectional area.

The dorsal surface of the proximal portion is covered by three high and well-de-

fined ridges. The medial one is the most prominent, it runs obliquely and converges

into the posterior, thickened rim of the uncinate process. The two outer ridges run

along the main axes of the capitulum and tuberculum, respectivey.

The uncinate process may be embedded into a broad shelf. Distal to this, like in

the trunk ribs, a second uncinate process is present in some ribs, such as in rib type

N. I shall apply the same terminology as for the thoracal ribs, without implying a

true serial homology. On the ventral side the proximal uncinate process has a de-

pressed posterior area and a thickened anterior rim. Capitulum and tuberculum are

essentially similar to those of the sacral rib. From the perspective of caudal ribs, the

sacral rib appears as a distally slightly enlarged type with a swoUen anterior uncinate

process, or rather shelf, which is confluent with the distal end of the Stylus proper.
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SACRAL RIB
TYPEM

TYPEN

TYPEO

TYPE?

TYPEQ

Fig. 37. Ribs of the sacral and anterior caudal regions in Mastodonsaurus giganteus. The
morphology of the sacral rib is basically similar to that of the first caudal ribs (types

N and O), especially in having almost symmetrical rib heads, the presence of a prox-

imal uncinate process and the degree of bending.
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The main Body of the proximal portion may bear, posterior to the base of the

proximal uncinate process, a large foramen, which is set into a groove that runs par-

allel to the process. This morphology is characteristic of more posterior caudal ribs,

which are further characterized by a smaller head and a shorter and posteriorly thin-

ner anterior uncinate process, as well as the lack of a true UDP. The Kupferzell ma-

terial consists of numerous such ribs which display a broad spectrum of Variation.

Posterior caudal rib types (R-T)

These ribs are tiny and usually rudimentary in structure, although their design is

very similar to that of the anterior caudal ribs (fig. 37). This encompasses (1) the gen-

eral outline, (2) the existence of a proximal uncinate process, and (3) the presence of

a foramen on the main body of the Stylus. The only questionable, usually poorly

preserved region is the head, so the Separation into two facets, such as in all other rib

types, cannot be proved.

3.2.4. Appendicular skeleton preservation

The appendicular skeleton is throughout excellently preserved in the Kupferzeil

material. Most of the long bones are massive and well ossified, so that they remained

relatively little affected by compaction. Crushing is sometimes observed in the hol-

low dorsal end of the ilium, and the distal end of the humerus. Even these bones are

much more solid than the frequently crushed and distorted intercentra. Fractures are

more common than distortion and large-scale deformation. Most of them are, how-

ever, of minor size, running obliquely across the broadened ends of the long bones

in particular.

Interclavicle

This dement evoked as much interest as the huge and heavy skull in the history of

capitosaur studies. Like the skull this dement has a good chance of preservation, and

many labyrinthodont finds made in the last Century were fragments of interclavicles.

Because of its most characteristic sculpturing, this was the most readily identified

bone among capitosaurs (fig. 38). Meyer & Plieninger (1844), Quenstedt (1850),

and Fraas (1889) all payed particular attention to this bone, and there was a debate

about how to orientate the bone in the living animal (Quenstedt 1850) which was

clarified by studies on articulated archegosaurid material from the Lower Permian

(Meyer 1858; see also Fraas 1889).

The presence of an interclavicle is a ground-plan feature of the Tetrapoda (Hen-

nig 1983; Jarvik 1996) and in temnospondyls in particular the dement attained a

considerable size. Plesiomorphic temnospondyl interclavicles share Tnmerorhachis

(Gase 1935), Balanerpeton (Milner & Sequeira 1993), and Cochleosaurus (Steen

1938), and it is of nearly perfect rhomboidal shape. It can be derived from interclav-

icles such as that of the primitive anthracosaur Crassigyrinus (Panchen 1985) or the

colosteids, such as Pholidogaster (Panchen 1975). In eryopoids and dissorophoids

(Milner 1990a; Boy 1990; Schoch 1997b) a particularly large interclavicle is also a

ground-plan feature. Especially in the large capitosauroids the interclavicle forms a

long and very massive rhomboid (van Hoepen 1915; Bystrow & Efremov 1940;

Watson 1951, 1958).
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The Capitosauridae then possess most massive and extended interclavicles, and in

Mastodonsaurus this reaches a peak. The size of the interclavicle is much greater than

in actinodontids such as Sderocephalus (Meckert 1993), both in relation to the skull

and the presacral column, and particularly the anterior process which excels the an-

terior margin of the clavicles, is greatly extended. In the living animal this process

reached far anterior below the hyobranchial apparatus. A slightly extended anterior

rim of the interclavicle is found in the plesiomorphic, rhomboidal interclavicle of ac-

tinodontids, which in turn is basically similar to that of eryopids and dissorophids,

although never a comparably long, stilette-shaped outgrowth is present. Shared is

this feature with most known capitosaurs (an exception being Paracyclotosaurus, see

Watson 1958), as discussed by Welles & Cosgriff (1965), Ochev (1972), and oth-

ers. The clavicles overlap the interclavicle especially in the posterior part of the lat-

eral wings, whereas they abut against the lateral rim of the anterior portion of the lat-

ter. The clavicles fail to meet in the midline, separated by the narrow and much
sculptured anterior process of the interclavicle.

The Ornament is very clear and strongly developed throughout the ventral face of

the dement. It encompasses short and radially Symmetrie polygons in the centre

(which lies in between the posterior third and midlevel of the bone). These polygons

very rapidly elongate, especially anteriorly and posteriorly. In anterolateral direction

the ridges may be curved but are otherwise straight, high, and sharp-cut. The depres-

sions framed by them bear numerous openings, of which the ones close to the cen-

tre are the largest, leading into a channel which runs towards the centre of the bone.

The connection between sculpturing and design of suture surfaces is most apparent

on the interclavicle. The roughened ridges that guarantee tight fitting of the clavicles

on the lateral wings of the interclavicle are merely the continuation of the polygonal

ridges of the sculpturing. The dorsal surface of the interclavicle is largely smooth.

The lateral wings are strengthened by a posteriorly convexly curved, broad ridge

which unites in the middle with a single median posterior ridge, together forming a

T. The lateral ends of this are much broadened and thicker than the other parts.

Clavicle

The clavicles are sagittally elongated, generally slender and very strongly ossified

plates. Their medial and anteromedial shields overly the lateral wings of the inter-

clavicle to a large degree, and posteromedially directly connect to the interclavicular

sculpturing with their own ornamentation (fig. 39). More anteriorly the sculpturing

is, however, aligned at a steep angle towards that of the median dement. The streng-

est portion is the base of the ascending process, where the sculpturing ceases and the

dement is almost completdy smooth. A marked furrow, bordered by a high crest,

forms the attachment site for the cleithrum. There the ascending process thins and

forms a stilette-like spike which partially underlies the base of the cleithrum, par-

alleling the main axis of the latter. The ascending process was orientated at a more

shallow angle towards the sagittal axis than in Eryops, Proterogyrinus, or Archeria.

The ventral side of the clavicle is entirdy smooth.

Scapulocoracoid

The scapulocoracoid ossification of Mastodonsaurus was first described by Fraas

(1889), but for obscure reasons erroneously identified as ischium by him. Plienin-
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dorsal

ventral

Fig. 38. The interclavicle of Mastodonsaurus giganteus from two perspectives. The element

is very large and well-ossified, so that it constitutes one of the most frequently

found fossil items in the Lettenkeuper. The sculpturing and the anteriorly extended

and widened process are typical features of Mastodonsaurus. The apex of the con-

cave ridge on the dorsal side points posteriorly, and helps in orienting fragmentary

specimens.

GER in Meyer & Plieninger (1844) wrongly identified the clavicula as scapula

proper. The first authors to mention and describe the scapula among labyrintho-

donts were Burmeister (1849) in Trematosaurus, Meyer (1858) in Archegosaurus,

and finally Zittel (1890). Huene (1922) recognised Fraas' mistake and correctly

identified the scapula and ischium in Mastodonsaurus giganteus by referring to the

same material as all previous authors.

In early tetrapods the scapula and coracoid are frequently co-ossified and conse-

quently generally referred to as scapulocoracoid in their entirety (Romer 1947,

1957; Meckert 1993). This is of course only correct as long as both components
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ventral dorsal

Fig. 39. The clavicle of Mastodonsaurus giganteus from two perspectives. The ascending

process pointed posterodorsally, but is usually rotated into the same plane as the

blade.

(scapula and coroacoid) actually participate in this Compound bone. In the fairly

large capitosaur Benthosuchus sushkini for instance only the scapular blade is known
to ossify (Bystrow & Efremov 1940), such as in small paedomorphic Branchiosau-

ridae (Boy 1974; Schoch 1992), among numerous other examples. In the eryopid

Onchiodon labyrinthm onset of coracoid mineralisation is late, but a complete fu-

sion to the scapula is soon established (Boy 1990).

Mastodonsaurus giganteus has a well-ossified scapula which is only in later devel-

opmental stages fused to the coracoid (fig. 40). No small, isolated coracoids are

known, but a variety of different stages of scapulae exist. The morphology of the

scapula is very similar throughout temnospondyls and basal tetrapods in general. It

is, unlike most other girdle elements, obviously little dependent on the mode of lo-

comotion in the particular species. In smaller specimens the scapula is especially

slender, but already strongly ossified with well-defined bone margins. In lateral view

it is a posterodorsally elongate plate with convex anterior and concave posterior

margins. The dorsal end is rounded and has a thin, flattened edge, whereas the ven-

tral end is larger, flattened, and medially broadened to give a large facet for the co-

roacoid portion. The scapula thus basically has an asymmetrically lunate shape with

a greatly extended dorsal portion. It is similar to the large scapula of Eryops mega-

cephalus (pers. exam.) in which a comparably high degree of ossification is reached.

Only in Eryops the dorsal portion is still more elongated and reaching far upwards.

In most other capitosaurs the scapula is a rather weak ossification (Bystrow &
Efremov 1940; Watson 1958). Exceptions are Platyoposaurus stuckenbergi (Kon-
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ZHUKOVA 1955) and Eryosuchus garjainovi (Ochev 1972) in which the scapula has

proportions nearly identical to that of Mastodonsaurus.

Meckert (1993) analysed the anatomy and development of the scapulocoracoid

in Sclerocephalus haeuseri in detail. According to his findings, there is only a single

ossification centre (namely that of the scapular blade) which later on successively ex-

pands over the area of the coracoid. Mastodonsaurus instead has a clearly estabHshed

surface of unfinished bone at the interface between the scapular and the coracoid os-

sification. In larger specimens there is no such gap, but instead a complete ossifica-

tion without any trace of synostosis or a secondary co-ossification of a sutural plane.

The specimen that Fraas (1889: fig 6) used to reconstruct what he concieved the is-

chium is a well-established scapulocoracoid of that kind. Thus a difference in the de-

velopment and number of ossification centres appears to exist among temnospon-

dyls which urges a cautious treatment of this matter.

The scapula has a large foramen supraglenoidalis which is framed by a pro-

nounced anteroventral rim. The foramen is situated posterodorsal to the upper edge

of the glenoid facet. A second major opening, the foramen supracoracoidalis, is

found anterior to the area glenoidalis, perforating the scapulocoracoid suture. Most

of the surface of the scapula and coracoid is smooth or covered by minor striations.

Exceptions are well-defined muscle attachments in the foUowing regions: (1) ventral

to the supracoracoidal foramen and posterior to the glenoid facet, (2) in the anteri-

ormost portion near to the anterior edge and on the lateral side, (3) dorsally in the

anterior portion of the scapula, posterior to the bifurcation point of lateral and me-

dial branches, and (4) at the inner edge of the medial brauch (processus medialis).

The markedly elongated glenoid area is obliquely orientated and distinctly curved,

with the convex side facing posterodorsally. Dorsally it is widest where it separates

the foramina. Among these, the supraglenoid foramen opens posterodorsally and

the supracoracoid foramen ventrally. The supraglenoid foramen gives rise to a large

groove (fossa supraglenoidalis) which roughly parallels the posterior and postero-

ventral margin of the scapular blade.

The medial side of the scapula bears an elongate and broad ridge which widens

both dorsally and ventrally where it rises from the otherwise planar and smooth ele-

ment. It parallels the fossa supraglenoidalis but Starts at a more ventral position than

the latter. The medial opening of the supraglenoid foramen is anterodorsal to, that of

the supracoracoid foramen posteroventral to that ridge (torus medialis). This torus

is found for instance in Eryosuchus garjainovi (pers. exam.), and Archeria crassidisca

(Romer 1957), but lacks in many other basal tetrapods.

Anteriorly the scapula is only faintly thickened, by which it differs from that of

Eryops (pers. examination). The margins there are not completely ossified, as is indi-

cated by the roughened flat ridge by which it terminates. This margin is curved in

sigmoid fashion if viewed dorsally.

The coracoid portion is much smaller than the scapular blade, reaching only half

of the area of the latter (fig. 40, above). It has two oval attachment surfaces for the

junction with the scapula. These are separated by the large foramen supracoracoi-

dale. The medial side of the dement bears two stout columns, one of them giving rise

to the glenoid area and the other continuing dorsally on the scapular blade as the co-

lumna supraglenoidalis. These columns are separated by a narrow but deep furrow

on the inner side, which is a ventral continuation of the foramen supracoracoidale.

Laterally the coracoid is planar and has a smooth surface.
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5 cm

lateral

SCAPULOCORACOID
lateral

SCAPULA

Fig. 40. The scapulocoracoid of Mastodonsaums giganteus from different perspectives and

in different ontogenetic stages. Below, the scapula of a relatively small specimen,

above right, the scapula and coracoid in a somewhat larger specimen still separated

by a suture, and left, a co-ossified scapulocoracoid of a large specimen.
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Cleithrum

The cleithrum has a stout and well-ossified shaft and a most dorsally situated head

(fig. 41). The external and internal surfaces of the element are flattened to slightly

concave, and the internal face bears a curved ridge and is much more rugose. The ar-

ticulation with the scapula and the clavicula is upheld by an abutting of that ridge

against the anterior margins of these elements and by the underlapping of the poste-

rior part of the bone, marked by a well-developed depression in this region. Towards

the dorsal end the element broadens on both sides to give a short head, where the

element underlaps the scapula to a larger extent than ventrally. The suture surface is

roughened and sculptured by numerous parallel ridges and bosses. The outer (later-

al) surface is striped along the main axis and bears radially arranged rugosities in the

head region which face posteroventrally.

Humerus

The humerus of Mastodonsaurus giganteus was described by Plieninger in Mey-

er & Plieninger (1844), Fraas (1889), and Huene (1922), who all referred to the

same, very large specimen (SMNS 4707). However, practically all other humeri

available for Mastodonsaurus differ in being much smaller and less differentiate; I

shall therefore distinguish arbitrarily two growth stages here, and describe them sep-

arately in detail.

The general structure of the humerus is similar in most basal tetrapods (Miner

1925; Romer 1957; Holmes 1980; Jarvik 1980; Meckert 1993). It is short, marked-

ly widened at both ends and forms a tetrahedron. The Choanata (Panchen &
Smithson 1987) are characterized by two prominent outer processes at the distal

end of the humerus, the ect- and entepicondyle. The humeri of tetrapods are charac-

terized by convex heads, and the glenoid facet is consequently (at least weakly) con-

cave. In temnospondyls the humerus differs from that of most anthracosaurs (Rom-

er 1957; Holmes 1980; Panchen 1972, 1985), Ichthyostega Qarvik 1996), and mi-

crosaurs (Carroll & Gaskill 1978) in that it is more clearly torded, longer and

more clearly differentiated. Yet Mastodonsaurus departs from this scheme quite con-

siderably, particularly in untypically low extent of humeral torsion and the length

and slenderness of the element.

The humerus of Mastodonsaurus has a long and slender shaft, a rather narrow

head, and a pronounced ectepicondyle (figs. 42, 43). A supinator process is present

in larger specimens and grows to a prominent boss in the largest known animals. The

entepicondyle is initially thin and rudimentary, but thickens considerably during

late ontogeny, reaching almost the size of the ectepicondyle. The head is at first nar-

row and the Joint simple and dorsally convex, but in large specimens the posterior

portion grows ventrally, corresponding to the late-ontogenetic ventral extension and

'curling' of the glenoid facet. The initially throughout narrow head thus becomes

thickened posteriorly and very massive. On the dorsal side a rather well-defined ra-

dial column is present from small stages on. The supinator process ultimately rises

from it at about midlength of the bone, and through development rotates at an angle

of 50° to finally stand perpendicular to the shaft. The ventral surface is mostly flat,

and towards the ends slightly concave even. At the posterior rim of the entepicon-

dyle rises a ridge which runs proximally and thereby rotates into the horizontal

plane, entering the ventral side of the element. The anterior face is proximally up to
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lateral anterior medial

Fig. 4 1 . The cleithrum of Mastodonsaurus giganteus from different perspectives (above) and

in different growth stages (below).
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midlength much thickened and rough, bearing a very prominent attachment site for

musculature that later in development forms a marked boss.

The ectepicondyle has a distinctly concave, transversely triangulär to oval facet,

which is orientated almost exclusively laterally, with a very minor anterior compo-

nent. Instead the entepicondyle is much compressed and faces laterally and posteri-

orly. In the largest specimens the ectepicondyle shifts slightly into a little more ante-

rolateral direction.

Small Specimens

The humerus at this stage is more slender and elongate than in any other large ca-

pitosaur hitherto described. The head is curved, with the convex side facing antero-

dorsally (fig. 42). It is nearly equally wide along most of its longitudinal extension.

The margins are raised, ventrally to a larger degree than dorsally, giving the head a

slightly concave surface. This is roughened, indicating a cartilaginous cover. Anteri-

orly the head ends in a single, very weakly defined process. The posterior process in-

stead bifurcates into a faint dorsal (PPD) and a strong ventral portion (PPV). Both

give rise to smooth crests which run at the posterior margin distally along the shaft.

The lower of these crests (torus ventralis of Ochev 1972) faces posteriorly and dis-

appears at about midlength of the bone. In contrast the upper crest (torus dorsalis of

Ochev 1972) faces posterodorsally and widens towards the distal end. It is conflu-

ent with the posterior margin of the columna radialis. At the distal end the ectepi-

condyle is the broadest portion, but as compared with most other temnospondyls it

is only weakly developed. It is separated by a well-defined incision from the supina-

tor region, whereas posteriorly it narrows rather gradually towards the entepicon-

dyle. The most pronounced muscle scars are found at the anterior edge, on the ven-

tral side anteriorly, and in the front region of the dorsal side; most of the other parts

are smooth.

Large Specimens

The humerus of large specimens of Mastodonsaurus is generally stouter and more

differentiated than in earlier developmental stages (fig. 43). Distally being much wid-

er, it has a more clearly established entepicondyle and supinator region (Plieninger

in Meyer & Plieninger 1844; Huene 1922). The latter has grown to a definite pro-

cess, resembling that of Sclerocephalus (Meckert 1993). In addition, the caput hu-

meri in large Mastodonsaurus has a very well-established, additional process (PM). It

is much more pronounced than the anterior and posterior processes and situated

ventrally, somewhat closer to the posterior processes. The proximal shape of the Ca-

put is V-shaped with the bifurcating broad end formed by the three posteriorly

oriented condyles (Huene 1922: fig.7). The ventral and dorsal crest (CPD and CPV)
are more clearly established than in smaller individuals. The distal end is posteriorly

slightly broader, and especially the entepicondyle is expanded proximally. Conse-

quently the whole bone appears to be wider than in smaller specimens.

Antebrachium

The lower arm of Mastodonsaurus is documented by several growth stages. It was

described and figured in part by Fraas (1889) and Huene (1922). There are only

isolated elements available in the rieh Kupferzell material, and solely one specimen
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ventral

dorsal
5 cm

anterior

distal proximal

Fig. 42. The humerus in a medium-sized specimen of Mastodonsaurus giganteus from differ-

ent perspectives. The hone is rudimentary in morphology, having no supinator pro-

cess and only faintly developed epicondyles. The prominent muscle scars on the

ventral and anterior sides may be interpreted as associated with the pectoralis and

deltoideus musculature.
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Mastodonsaurus

ni

small medium-sized large

Archeria Eryops Benthosuchus

Fig. 43. Humeri in selected temnospondyls (below) and different growth stages of Masto-

donsaurus (above), all in ventral view. The humerus of Mastodonsaurus is peculiar in

its relatively great length and the immature State of development, even in the largest

stage, which was associated with a skull of 74 cm length. Archeria after Romer
(1957), Eryops after Miner (1941), and Benthosuchus after Bystrow & Efremov
(1940). Mastodonsaurus: small and medium-sized humeri from Kupferzell speci-

mens, large specimen from Gaildorf (Meyer in Meyer & Plieninger 1844: tab. 1).

from Gaildorf, an ulna with carpal elements, metacarpals and phalanges, is articulat-

ed.

The foUowing description exclusively treats the preserved elements without infer-

ring data from other taxa. In general, both elements are well-differentiated and

thereby more easily identified than those of most other actinodontids and capito-
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saurs. The extent of ossification is high, and because of the strength of the bones

most specimens are threedimensionally preserved. The relative size of the lower arm

can be estimated by the large humerus specimen, which is associated with a radius.

Following all available data, the lower arm was short, reaching slightly more than

half the length of the humerus. Closest resemblance in the structure and proportions

of the antebrachium is found with two capitosaurs, namely Eryosuchus garjainovi

(OcHEV 1972) and Parotosuchus pronus (Howie 1970).

The radius is about the same length as the ulna, by which it differs substantially

from that of Eryops (Miner 1925) and rather is similar to that of Sclerocephalus and

Archegosaurus. However, it is relatively longer and more differentiate than in many
other temnospondyls (figs. 44, 45).

It is a strong yet slender element, with distinctly different proximal and distal ends

and much different dorsal-anterior and ventral-posterior surfaces. Among capito-

saurs it resembles that of Eryosuchus garjainovi closest, which was described in great

detail by Ochev (1972: 147). Some aspects are, however, more similar to the radii of

Parotosuchus pronus (Howie 1970) and Wetlugasaurus kzilsaensis (Ochev 1972),

such as the slightly more massive appearance and the straight and markedly convex

margin of the distal end.

The posterior-ventral surface of the radius is convex and bears a medial ridge ('a.l.'

of Ochev) that is strongest developed towards the ends of the bone. The dorsal sur-

face is striated, and more so medially than laterally. On the anterodorsal surface,

which is clearly concave much like in Eryosuchus, with the depression asymmetrical-

ly opening towards the lateral margin. The medial margin is concave, with the apex

lying in the distal third of the bone, whereas the lateral margin is irregulär, with two

successive bosses on the distal side. The more distal of these is larger and bears a

well-defined rugosity. Distally the end of the radius is laterally compressed and oval

in outline and has a much flattened surface. The proximal end is more rounded and

the bone is of unfinished appearance, especially on the ventral side. The posterior-

ventral face of the proximal end is oval to triangulär (cf. Howie 1970). In medial

view, the element is sigmoidally curved and bears a crest which ends distally in the

prominent tuberosity just mentioned.

In contrast to the rather symmetrical radius, the ulna is more distinctly curved

and torded. Its flat surfaces were not oriented anterodorsally and -ventrally in the

living animal, but roughly anterolaterally and posteromedially. The description

here foUows a simplified orientation, in which the long axis of the element is re-

garded as strictly vertical, although this was probably held obliquely in the living

animal.

The following features are characteristic of this bone in Mastodonsaurus: (1) the

olecranon process is prominent, making up roughly one third of the total length, (2)

the posterolateral side is straight while the anteromedial margin is distinctly curved

to give both proximal and distal extensions, the medial heads of the bone. The olec-

ranon process is thickened at both ends, and its depressed posteromedial surface

gives rise to an extensive bowl which Covers almost one half of this flat side of the

bone. Distally the depression aligns with a groove that finally separates the two un-

equally large distal heads. Among these the medial head is larger, curves medially,

but does not reach that far distally as the lateral head. The latter has a flattened pos-

terior flank. In posterior view, the ulna is distinctly curved proximomedially. The

cross-section of the distal head is L-shaped, that of the proximal head is roughly
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ULNA
lateral anterior posterior medial

5 cm

lateral anterior posterior medial

RADIUS
Flg. 44. The lower arm bones in a medium-sized specimen of Mastodonsaurus giganteus,

from different perspectives each.
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transversely oval. The surfaces of the ulna are, except for the strongly roughened ar-

ticulation facets, throughout smooth with only minor striations.

Manus

The hand of Mastodonsaurus giganteus is only partially known. There are various

isolated metacarpals and proximal phalanges from both Gaildorf and Kupferzell.

Isolated carpals have hitherto not been found, and distal phalanges are very rare,

which probably results from the small size of these elements. The extent of ossifica-

tion in the carpus is consequently not sufficiently known. There is a single articulat-

ed, but fragmentary specimen from Gaildorf. It encompasses the distal end of the ul-

na, two proximal carpal elements from the lateral side, four metacarpals, and three

proximal phalanges. The assignment to a particular specimen - and thus certain size

relations - is possible. A phalangeal count, however, cannot be given.

The autopodium of Mastodonsaurus consists of well-ossified elements of mo-de-

rate length and size (fig. 45). Apparently there are only four digits (SMNS 4706; see

discussion in Huene 1922), which is the condition found almost throughout tem-

nospondyls and microsaurs. The metacarpals are well 11/2 times longer than the ad-

joining proximal phalanges. There are conspicuous size differences between the

metacarpals. Their proximal heads are throughout broader than the distal ends. The

inner (I+II) metacarpals are thinner and shorter than the third which is slightly larg-

er than the fourth. The first is definitely the smallest dement. The carpal elements

are relatively large plates and articulated. The inner one is broad-rectangular, with

the distal margin slightly convexely curved, while the medially situated second bone

is quadrangular and narrower than the first, about of the width of the third metacar-

pal.

The pectoral limb as a whole

The pectoral girdle and limb are particularly impressive by their size and architec-

ture. The dermal ossifications, notably the interclavicle, reach a size unparalleled

among other early tetrapods. The position of the pectoral girdle poses problems for

the function of the lower jaw and shall be a matter of discussion in the reconstruc-

tion section. The clavicles fit neatly onto the lateral flanks of the huge interclavicle

and overlap it quite considerably posteriorly. The suturing is very tight, as indicated

by the specially designed surfaces of these overlapping bone regions. The main di-

rection of the rugosities on the sutures appear to resist particularly stresses from an-

terior and lateral. The anterior extension of the interclavicle establishes a connection

to the floor of the intermandibular region, which shows that the heavy skull and the

pectoral girdle must have been highly coupled; this must have posed important con-

straints on both the feeding and locomotory Systems. The very clearly developed

dermal ornament of the clavicles and interclavicle demonstrates that these shields lay

shallowly in the dermis, but rather contrary to many other temnospondyls the pos-

terior portion of the interclavicle does not have a shelf for the attachment of osteo-

derms. In the steady absence of such dermal scutes, which is very striking because of

their permanent appearance in most (and especially the larger) basal tetrapods, I am
inclined to assume that they were absent altogether. Watson (1958) figured osteo-

derms in the pelvic region of Paracyclotosaurus, but these are loosely set and mor-

phologically different from the spindular ventral osteoderms so characteristic of
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10 cm Eryops

megacephalus

Mastodonsaurus

giganteus

Fig. 45. Below, the lower arm, carpus, and manus in a large specimen of Mastodonsaurus

giganteus, based on both isolated finds and partially articulated specimen (SMNS
4706). Above, the same region in the terrestrial temnospondyl Eryops megacephalus

from the Lower Permian of North America and Europe.

most temnospondyls, which lack in this genus. The scapulocoracoid apparently

forms from two centres of ossification, among which the coracoid appears much lat-

er than the scapula. In addition, the scapula extends dorsally with growth, although

its width is rather small throughout development. In specimens of the size of 2,5 m
the fusion of the bones is finally established. The glenoid facet at first is horizontal-

ly orientated, but later on it extends ventrally to attain a subvertical posterior face as
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well. To this a very marked expansion of the caput humeri neatly fits, also recorded

for the latest phase in ontogeny. In specimens of about 4 m size (75 cm skull length)

the humerus is much stouter and bears a supinator process as well as well-established

epicondyles, in addition to the mentioned, posteroventrally extended caput. There is

much to be discussed about the position of the antebrachium and the spatial con-

straints imposed by the design of the articulation facets, which in concert permit a

detailed reconstruction of the pectoral limb. The lower arm is surprisingly strong yet

relatively short.

The enormous width and flatness of the interclavicle, the articulation of the clav-

icles and scapulocoracoids, and the rather small height of the whole apparatus show

that the anterior trunk was much flattened, as Watson (1958) had already presumed

in his reconstruction of Paracyclotosaurus. This is in agreement with the design and

arrangement of the ribs and the striking morphology of the neural spines. The pec-

toral girdle must have directly connected to the skull and had the same lateral exten-

sion as this. The resulting proportions of the whole anterior trunk, from a superfi-

cial perspective, are best compared to that of cryptobranchid Salamanders, especial-

ly to the largest specimens known.

Ilium

An abundant postcranial dement in the Kupferzell material is the ilium. It is a

comparatively small and slender bone with a narrow dorsoposterior shaft, a broad-

ened but flat dorsal end, and a posteriorly much widened base (fig. 46). The acetabu-

lum is well-established in the stage referred to in the following description. The fre-

quency of occurrence in the collected material is probably due to both its character-

istic shape and the high degree of ossification. Because of its thickness the ilium is

almost throughout complete and very well preserved. The extent of compaction is

further very limited, probably it has only affected the distal end.

In general, the shape of the ilium is quite variable in basal tetrapods and there are

even conspicuous differences within temnospondyls. Frequently the shaft bifurcates

posteriorly, giving an anterior and posterior process, the latter being usually a con-

tinuation of the shaft proper. This appears to be the plesiomorphic condition in tet-

rapods (Romer 1957; Jarvik 1996). Benthosuchus sushkini has a marked anterior

process in most specimens, but some smaller individuals may have an ilium which is

almost identical to that of Mastodonsaurus (Bystrow & Efremov 1940: figs. 53, 82).

In most capitosaurs the ilium is rather short and stout, such as in Paracyclotosaurus

(Watson 1958), Parotosuchus pronus (Howie 1970). Among those capitosaurs in

which ilia can be assigned to articulated and diagnostic cranial material, the masto-

donsaur ilium is most similar to that in Eryosuchus garjainovi (Ochev 1972: pl. 31).

The cross-sectional shape of the shaft is oval to nearly round ventrally, close to the

base of the shaft. Further dorsally it abruptly flattens at about the midlength of the

dement, but only gradually broadens both anterior and posterior to the long axis.

The latter is inclined at an angle of approximately 15? ° towards the vertical plane.

The distal end is compressed, its shape being that of an dongated oval. The margins

excell the markedly concave, slit-like surface distinctly. Instead the outline and

structure of the proximal end are more complex. Anteriorly it has a straight trans-

verse margin which gives rise to a transversdy flattened anterior face of the iliac base.

Further posteriorly both lateral and medial margins are markedly concave, while the

posterior end widens somewhat again. The lateral margin is more strongly curved
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lateral

PELVIC GIRDLE

lateral

ISCHIUM

Flg. 46. The pelvis in medium-sized specimens of Mastodonsanrus giganteus, drawn in dif-

ferent views. Above, an isolated ilium; below, left an ilium with ischium in articula-
tion and a part of the pubis. Below right, the ischium from two perspectives.
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and in its anterior part the rough, cartilage-flooring surface extends over this margin

to expand over the subcircular area of the acetabulum. The latter is emplaced within

a depression and has very distinctly demarcated margins which rise from the smooth

surface of this depression. The anterodorsal margin of the acetabulum is most clear-

ly elevated and bends ventrolaterally. The acetabular surface hence expands dorso-

laterally somewhat. The surface of the ilium is throughout relatively smooth. The
dorsal end of the dement is covered by numerous fine furrows and ridges. Oblique-

ly Crossing the shaft, there runs a marked muscle attachment zone which originates

at the anterior, flattened margin of the shaft.

Ischium and pubis

The ischium was first correctly identified by Watson (1919) who commented
somewhat bitterly on Fraas' (1889) misidentification of the scapula as ischium and

that of the ischium as pubis. He did, however, not describe the dement, which was

finally carried out by Huene (1922).

It is a small dement of trapezoidal outline and simplified morphology (fig. 46). Its

medial and lateral, flat surfaces are very similar. The lateral surface is identified by its

possession of an anteriorly unfinished and broadened margin, which closes up to the

iliadic rim of the acetabulum. Also it is unfinished more anteromedially, where the

pubic cartilaginous region was attached. Medially, the ischia also must have been at-

tached to a cartilaginous ischiadic dement, as they show no traces of a suture with

each other and the bone surface suggest cartilaginous cover.

In practically all Kupferzell specimens the ischia were found in isolation from the

ilia, but often occur as paired dements. Perhaps this indicates a more tight Integra-

tion of the ischia within the pelvic girdle than to the ilia. A definite pubis only occurs

in one large specimen, in which the bone is confluent with the ischium. The position

of this structure relative to the ilium unequivocally teils its identity. As this fragmen-

tary specimen is relatively badly preserved, no significant details of this bone could

be found out. Apparently, ossification of the pubis was a late-ontogenetic event in

Mastodonsaurus, although an artificial bias (excavation) in the largely disarticulated

Kupferzeil material cannot be entirdy ruled out.

Femur

This dement is the strongest and largest in the pelvic girdle, although it does not

compare to the much more massive and differentiated humerus, particularly in large

spedmens. Fraas (1889), Huene (1922), Watson (1958), Howie (1970), and

OcHEV (1972) have paid particular attention to the femora of capitosaurs, and the

bone is among the best known in that group. Closest resemblance is shared with that

of Parotosuchus pronus, which agrees in both proportions and structural details very

precisdy.

The bone forms a strong and stout rod which is distally more clearly broadened

(fig. 47). Its dorsal side is axially symmetrical, convex with the apex at midlength,

and almost smooth, with the exception of a medial groove at the distal end, by which

it attains a two-headed shape in this region. The ventral side is generally concave, but

asymmetrical. It bears a medial ridge (adductor crest) that rises from the posterior

rim of a rugose depression at the distal epicondyles, and widens proximally to merge

into the internal trochanter.
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dorsal anterior ventral

distal
5 cm proximal

Fig. 47. The morphology of the femur in a medium-sized specimen of Mastodonsaurus

giganteus, seen from different perspectives.

The proximal articular surface is an oval which is dorsoventrally compressed and

anteriorly widened. The distal articular surface is vaulted in a convex manner, but of

equal width throughout. The crest, as well as the depressions between the epicon-

dyles and trochanters become very pronounced during ontogeny.

Lower leg

The lower leg of Mastodonsaurus is short and rudimentary. As far as can be gath-

ered from comparisons, the lower leg bones have only half the length of the femur,

which is itself a rather poorly developed dement, as compared to Eryops (pers. ex-

am.) or Archeria (Romer 1957) for instance.

The tibia has the foUowing features, which are characteristic in many temnospon-
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dyls (fig. 48): (1) The proximal end is 1/3 wider than the distal end and two-headed

in anterodorsal view, (2) the midline of the anterodorsal side is covered by a groove

which broadens proximally and finally separates the two heads, (3) the medial mar-

gin is straight, whereas the lateral one curves towards the extended lateral head, and

(4) the margins of the distal end are throughout raised and vaulted externally. The ra-

dius is slightly concave dorsally but clearly convex on its ventral side. In the latter

the narrow distal end is almost two-headed. Otherwise the ventral side is entirely

flat but covered by numerous parallel furrows. The dorsal surface is much smooth-

er. Dorsally the surface is formed by a single column distally which bifurcates in the

distal third of the longitudinal extension, and by then gives rise to two smaller, but

more clearly established columns which finally form the proximal heads.

The fibula is longer than the tibia, but more simple in structure (fig. 48). It was de-

scribed by Ochev (1972) and Howie (1970) in the only other well-known capito-

saurs, and from Observation of Mastodonsaurus little is to add. The distal head is

broader and extended medially, where it gives rise to a prominent ridge that runs

along the medial side of the dement. The face of the distal head is compressed in the

middle and of symmetrical appearance, markedly sloping medially.

In addition, the distal end is flat with a marked central elevation that bears a

strong, sigmoidal tuberosity. Further proximally, the lateral half of the bone gives

rise to a proximally widening ridge. The ventral-posterior surface is smooth and

more clearly flattened than the opposite face, and the lateral margin is rounded and

bears an additional tuberosity towards the proximal half of the bone.

Pes

Little can be fixed about the anatomy and size of the foot of Mastodonsaurus

giganteus, for the only elements potentially belonging to it are two small elements

found attached to a femur which were interpreted as metatarsals (Huene 1922).

Thcy do not differ in any feature from the better known metacarpals, so that a sim-

ilar shape and perhaps size of the foot as the band may be roughly estimated. In

agreement with all knowledge on temno-spondyls, particularly actinodontids, the

foot consists of five digits, of which the fourth is by far the longest - a condition not

nccessarily primitive for tetrapods, see the Situation in Archeria (Romer 1957). The

dosest form to Mastodonsaurus of which complete foot skdetons are known is

Uranocentrodon senekalensis (van Hoepen 1915). In this form, the pes has the fol-

lowing phalangeal formula: 2-3-3-4-3. This is in accordance with that of Sclero-

cephalus (Boy 1988), but is higher than in Eryops (Miner 1925: 2-3-3-3-3).

One additional, indirect evidence on the morphology and size of the pes is the

structure and putative arrangement of the lower leg bones. The fact that the fibula

widens distally suggests a broad tarsus, which would give a fairly large foot. Such a

morphology is best known from Archeria (Romer 1957), which has, however, a

much more devdoped lower leg than Mastodonsaurus.

The pelvic girdle as a whole

The contrast between the size and architecture of the anterior and posterior ap-

pendages is striking in Mastodonsaurus. The problem, however, is that there are no

articulated specimens which would allow a direct comparison of the sizes of pecto-

ral and pelvic limbs.
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FIBULA

lateral anterior medial

5 cm

TIBIA

posterior

lateral anterior medial posterior

Fig. 48. The lower leg in a medium-sized specimen of Mastodonsaurus giganteus.

Above, fibula; below, tibia.
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Whereas the Shoulder girdle ossifies extensively both by dermal and replacement

bone formation, the pelvis keeps an immature morphology and a low extent of os-

sification until late in development. The extent of the obviously late-ontogenetic os-

sification in the pubic region is not known, but the ischia still had a considerable

amount of cartilage between them by that stage. The ilium strikes by its tininess and

the low angle by which it attached to the rather moderately-sized sacral rib. There

was apparently no significant growth change in the ilium, and its structure is very

much as in Eryosuchus and differs from that of most other capitosaurs by being very

narrow and straight. The entire pelvic region must have been much lower than the

pectoral region and skull, a fact that underlines the already supposed flattened nature

of the whole body. The bind limb was supported by a rather typical basal tetrapod

femur, which however is only moderate in size. The lower leg was short and its bear-

ers surprisingly undifferentiated, reaching only about half the length of the femur.

4. Reconstruction of skeleton

4. 1 . Introduction

The skeleton of Mastodonsaurus giganteus is the most excellently preserved and

complete of all capitosaurs, and the magnificent material from Kupferzeil certainly

forms one of the most advantageous information sources for the reconstruction of a

basal tetrapod. Especially temnospondyls, whose skulls are abundant from the Low-
er Carboniferous through the Upper Triassic, are a widespread group, and their oc-

currence in many terrestrial faunas indicates a predominant role in late Palaeozoic to

early Mesozoic ecosystems. The skull finds are often beautifuUy preserved and re-

veal numerous data on the feeding apparatus of these early tetrapods. Yet without

the knowledge of fairly complete skeletons ecological studies are utopical. Recon-

structions of complete basal tetrapod skeletons are therefore one of the major goals

in this field of palaeontological research.

The frequent lack of postcranial material in labyrinthodonts is probably related to

the discrepancy between the heavy, well-ossified skulls and interclavicles and the

rather feebly mineralised postcranial, especially axial skeleton. Certain terrestrial ba-

sal tetrapods possessed heavy axial skeletons and sometimes rigid dermal armour

and are therefore relatively well known. Complete aquatic temnospondyls, on the

other hand, are least represented in the fossil record. Exceptional are finds in lacus-

trine Sediments of the Rotliegend (Lower Permian) in Central Europe (Saar-Nahe

Basin, Thuringian Forest, Saxony, Podkrkonose Basin), where aquatic temnospon-

dyls in great number and excellent preservation were excavated.

Descriptions of most Permo-Triassic labyrinthodonts have long seemed to entire-

ly neglect postcranial material, and therefore reconstructions of whole skeletons re-

mained few in number. There are no more than a dozen basal tetrapod species whose

skeletons were tentatively restored. These are the stem-tetrapod Ichthyostega Qar-

viK 1952, 1996), the stem amniotes Eogyrinus (Panchen 1972), Seymouria (White

1939), and Kotlassia (Bystrow 1944), the basal temnospondyls Trimerorhachis

(Williston 1916) and Dvinosaurus (Bystrow 1938), the terrestrial temnospondyls

Eryops (Miner 1925; Moulton 1974), Cacops (Williston 1910), Trematops (Case

1911), and Micropholis (Broili & Schroeder 1937a), and the aquatic temnospon-

dyls Sderocephalus (pectoral girdle: Meckert 1993) and Paracyclotosaurus (Wat-

soN 1958).
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Fig. 49. The skull of Mastodonsaurus giganteus from dorsal and ventral sides, depicting the

State of an almost uncrushed specimen (SMNS 54675; see also plate 2).

Most other reconstructions were largely carried out with one or several of the

aforementioned results in mind, and a clear Separation of the actual sources of infor-

mation is only rarely maintained.

The foliowing effort is an attempt to reconstruct the skeleton of the giant capitos-

auroid Mastodonsaurus giganteus for the first time. Until recently the scanty, only

by its size intriguing material was little inviting, because the preservation of the old

Lettenkohle material is far from optimal. However, the discovery, excavation, and

metucolous preparation of Mastodonsaurus specimens from Kupferzell helped

forming an ideal basis for such a task.

4.2. Problems and open questions

The extraordinary preservation of mastodonsaur skuUs at Kupferzell may not

readily appear to leave major questions open, yet there is a number of uncertainties.

These result largely from differential effects of compaction on the skeleton, which is

itself a consequence of differences in the solidity, fine structure, and composition of
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the various bones. Whereas the skull roof and palate are nearly threedimensionally

preserved, the braincase, neural arches, and intercentra usually have suffered consid-

erable deformation and fragmentation. Articulated specimens generally have under-

gone more modifications than isolated remains. In addition, the particular mode of

preservation, such as the position (e.g. 'roof-up' or 'palate-up') may play a predom-

inant role. The following problems emerge from the study of the preservational pe-

culiarities of the Kupferzell and Gaildorf material.

1. The threedimensional structure of the mandible.

2. The structure of the occiput, and its articulation with the atlantal intercentrum.

3. The structure of the vertebral segment (intercentrum, neural arch, pleurocen-

trum).

4. The sequence of intercentra through the axial skeleton.

5. The sequence of rib types through the axial skeleton.

6. The structure, composition, and length of the tail.

7. The restoration of the appendicular skeleton.

8. The skeleton as a whole.

4.3. Lines of evidence

Information on the threedimensional arrangement of bones in a skeleton may be

gathered by two direct and two indirect sources. These are the following:

A) Articulated specimens. Bones in their supposedly original setting often inform

about the nature of contacts such as sutures, joints, or partial co-ossification. They

bear, however, the disadvantage that the contact zones themselves cannot be studied,

and therefore often the degree of preservational bias in the articulated specimen is

difficult to assess.

B) Articulation facets and other direct osteological markers complementarily in-

form about the anatomy of bone contacts, and only from these reasonable guesses

can be made on which arrangement was the most likely. This procedure involves at

least partial restoration of units of the skeleton.

C) Spatial constraints are a more general and rough means to assess the limitations

on the manifold thinkable arrangements of parts of a skeleton. They become impor-

tant whenever more direct osteological indicators are lacking.

D) A phylogenetic bracket (Witmer 1995) may sometimes be a means to restore

certain arrangements which are badly preserved in a particular species, but well

known in others. Given that the phylogenetic position of the species under study

can be reasonably determined, ground-plan reconstruction may help deciding which

architectural type may have been present. This is of course only possible when the

architectural types vary in such a way among the taxa that ancestral and derived

States can be determined at all.

In the following discussion of the aforementioned problems the sources of infor-

mation are throughout indicated.

4.4. Reconstruction
4.4.1. Threedimensional structure of the mandible

Although the structure of the mandible is preserved in great detail, the threedi-

men-sional arrangement of the bones and the orientation of the lower jaw as a whole

is distorted in many specimens. The anterior portion of the mandible is frequently
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rotated into a more shallow plane towards the Symphysis. In addition, the regions of

the Meckelian window, adductor chamber, and hamate process are often crushed

and/or flattened. Moreover, the postglenoid area sometimes is laterally compressed.

The first important question is that regarding the original shape of the mandible

in the distorted and fragmented regions. There are few isolated mandible specimens

in which the adductor chamber is not crushed and the fenestra Meckeli is complete-

ly preserved. These demonstrate that the adductor chamber was relatively wide, es-

pecially posteriorly, resulting in a convex lingual surface of the elements (prearticu-

lar, angular). The following problems remain, resulting from the exposed position of

the regions: (1) The hamate process is markedly inclined labially, resulting in an

obliquely orientated glenoid facet. (2) In most specimens the proper glenoid area is

distinctly shortened and sagittally somewhat elongated. In both cases the original

condition can be reconstructed relatively precisely by the morphology of the quad-

rate trochlea; this structure is practically never deformed because of its massiveness.

(3) The postglenoid area is often laterally compressed, which is indicated by a

strongly narrowed glenoid facet and unusually high and fragmented lingual crest.

Reconstruction relies on well-preserved specimens with wider postglenoid areas and

uncrushed margins. The morphology of this region is, however, variable in many as-

pects which are not affected by compaction. Thus reconstruction remains difficult

here. (4) The adductor chamber is frequently considerably deformed, which affects

both the shape of the adductor window and the thin lingual wall of the chamber. The
latter is, however, known nearly uncrushed from three articulated specimens,

wherefrom it is apparent that it was markedly convex. The deformation of the ad-

ductor window largely results from a crushing of the lingual frame (formed by the

coronoid and prearticular). Isolated finds of coronoids help restoring this region: the

coronoid curves markedly laterally at the anterior, pointed end of the adductor win-

dow, converging towards the sagittal tooth arcade of dentary and coronoid.

A more difficult problem is that of the orientation of the mandible with respect to

the skull. The dental tooth arcade suggests that the deep, laterally flattened anterior

part of the mandible lays in a near-vertical plane. The orientation of the dentary teeth

is well constrained by the narrow slit in the upper jaw (between maxilla and palatine

and ectopterygoid) into which they fit. As in undistorted skuUs, the upper tooth

rows are strictly parallel and point straight ventrally, not much Variation in the direc-

tion of the dentary teeth is possible. Furthermore, as the dentary teeth are largely

straight and lie in the same plane as the whole bones of the mandible, the general or-

ientation of the latter must have been also nearly vertical. The reconstruction finally

reveals that the mandible in articulation was slightly wider than the skull at its nar-

rowest point, lateral to the orbit. The cranium of Mastodonsaurus thus formed a

nearly perfect triangle in life.

4.4.2. The structure of the occiput and its articulation

with the atlas

The occiput is the most problematic region in the cranium of Mastodonsaurus, as

well as in many other large temnospondyls. Despite of the largely flattened skulls of

these forms the occiput was often relatively high, a fact which became apparent on-

ly by rare finds of nearly uncrushed skulls. The long-believed general tendency of

actinodontid temnospondyls to successively flatten their occiputs through the Per-
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mo-Triassic (Watson 1919, 1951) is in fact much more difficult to assess, now that

threedimensionally preserved skuUs are available for a variety of taxa. A good exam-

ple is Cyclotosaurus hemprichi (Kuhn 1942) which has an occiput nearly as high as

that of most other taxa. The generally believed characteristic of Cyclotosaurus robus-

tus, the most extremely flattened occiput among the Capitosauridae, is also a matter

of revision. New threedimensional finds from the Lower Stubensandstein show that

this species had a fairly high occiput (Schoch submitted 1). Finally, Mastodonsau-

rus giganteus now turns out to be another such case: one specimen out of the Kup-

ferzeil sample has a nearly uncrushed occiput (SMNS 54675) in which also a com-

plete endocranium is preserved (fig. 49).

The following regions of the occiput of Mastodonsaurus are affected by compac-

tion even in the best-preserved specimens.

1. Processus paroticus (tabular, exoccipital).

2. Columna verticalis (postparietal, exoccipital).

3. Condylus exoccipitalis.

The structure of the atlanto-occipital articulation was such that the strongly con-

cave and bilobed atlantal facets faced anterodorsally. This is evident from the struc-

ture of the atlas, which is much longer ventrally than dorsally, and irrespective of

distortion has an anteroventrally sloping anterior face. Well-preserved occiputs have

occipital condyles which face slightly posteroventrally. It thus appears that the de-

sign of the atlanto-occipital articulation favoured an elevation of the skull rather

than a depression. This is particularly interesting as both possibilities might be theo-

retically conceiveable (see Erdmann & Cundall 1984 on Amphiuma tridactylum).

4.4.3. Structure of the vertebral segment

The presacral vertebrae of Mastodonsaurus consist throughout of three compo-

nents per segment: the intercentrum, neural arch, and pleurocentrum (fig. 33). The

peculiar structure of the capitosauroid vertebral segment has long been referred to as

stereospondylous, a term coined by Zittel (1887). The greek term is a composite of

Stereos (massive) and spondyle (vertebra), and must be viewed in a relative sense,

compared to other temnospondyls. Fraas (1889), who referred to the mastodon-

saurid vertebrae from the Gaildorf locality, adopted this expression. Watson (1919)

identified the massive central dement in the axial skeletons of Mastodonsaurus and

Metoposaurus as intercentrum and demonstrated that it can be readily derived from

the intercentrum of Permian rhachitomes such as Eryops. The composition of the

vertebral segment, such as described by Plieninger (1844) and Fraas (1889) for

Mastodonsaurus, was often cited and figured, although its morphology was not that

well understood. Plieninger (1844) figured a fragmentary vertebral column of a

small temnospondyl specimen which he identified as juvenile Mastodonsaurus. This

specimen shows pleurocentra and an overall typically rhachitomous structure; an as-

signment to a particular group is, however, not possible (Huhne 1922: 427). Fraas

(1889: 83) was inclined to assume pleurocentral ossifications in the posterior part of

the trunk, emphasising the decreasing amount of bone in the intercentrum. He also

referred to a fragmentary find of uncertain affinity in which pleurocentra are

present. Huene (1922) on the other band, the last to describe certain aspects of ver-

tebral anatomy in Mastodonsaurus giganteus, did not find any evidence for pleuro-

centra.
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The transversa processes of the typical "rhachitomous" temnospondyls, such as

Trimerorhachis, Eryops, Sclerocephalus, or Archegosaurus, are relatively short and

directed posterolaterally. Their diapophyses are long-oval and obUquely orientated,

allowing the rib only to run very close to the long axis of the trunk. The capitulum

is small and nearly confluent with the tuberculum; the parapophysis is consequent-

ly very small. In capitosaurs, especially in large-growing genera such as Eryosuchus,

Mastodonsaurus, Paracyclotosaurus, and Parotosuchus pronus, the transverse pro-

cesses are long and the tuberculum thus much larger than in the aforementioned gen-

era. The capitulum is much larger and the ribs are very clearly two-headed. The or-

ientation of the ribs must have been different to that of the "rhachitomes": they run

more clearly in lateral direction and were much longer, with a marked bending point

at about midlength, which contours the shape of a markedly broader and flattened

trunk. The gross morphology of the capitosauroid trunk is therefore stout, best

compared to the appearance of a large cryptobranchid specimen (e.g. Andrias japon-

icus).

The neural spines are throughout very low in capitosaurs. This is either a result of

imperfect ossification, such as the morphology of the neural arches m Benthosuchus

or Parotosuchus pronus suggest, in which case a cartilaginous dorsal continuation

cannot be ruled out.

The massive pleurocentra, which nearly completely fill the gap between two suc-

cessive intercentra, are attached to the posterior and ventral side of the transverse

processes. This is a condition found in Eryops for instance, and it similarly occurs in

Platyoposaurus (Bystrow & Efremov 1940). As these authors noted, a general ten-

dency in old specimens is the synostosis of intercentrum and pleurocentrum, as ex-

emplified in Dvinosaurus and Platyoposaurus. They considered this tendency to be

one among four possible ways by which stereospondylous intercentra may have

been formed in evolution. The condition in Benthosuchus and Wetlugasaurus, name-

ly a loss of an ossified pleurocentrum, for a long time appeared to be the typical con-

dition of Triassic 'stereospondylous' temnospondyls.

The study of the structure of the vertebral segment in Mastodonsaurus hence re-

veals that basically the rhachitomous architecture is retained. The particular, but not

unique condition found in Mastodonsaurus is the great height and overall massiveness

of the intercentrum. Whereas there are clear differences to the intercentra of metopo-

saurids (cf. Sawin 1945; Colbert & Imbrie 1956), those of Eryosuchus are well com-
pared to those of Mastodonsaurus and in fact the most similar among capitosaurs.

4.4.4. The sequence of intercentra through the axial skeleton

Plieninger (1844), Fraas (1889), Watson (1919) and most recently Huene
(1922) commented on the structure and composition of the presacral vertebral col-

umn. Huene arranged a series of 28 intercentra according to the articulated speci-

men formerly described by Plieninger, and in particular emphasized that there is a

marked height decrease through the sequence. Although his figure is much general-

ised and schematic, the general arrangement is corroborated by the present re-inves-

tigation.

There are several independent sources for the reconstruction of this sequence:

1. The articulated specimens described by Meyer & Plieninger (1844), and new
finds from Kupferzeil.
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Fig. 50. Vertebral column of Mastodonsaurus giganteus from the alum shale at Gaildorf

(SMNS 4698). Right, original in dorsolateral view; left, reconstruction of the pre-

served sequence of intercentra and neural arches. The height of the processus spino-

si remains almost constant.

2. Relative height of the intercentra decreases caudally.

3. Degree of closure of the chorda foramen decreases, and the intercentra loose

successively contact to both the pleurocentra and the neural arch.
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4. The transverse breadth of ventral part decreases, and the ventral side possesses

marked depressions and lateral constrictions.

The articulated finds clearly lead to the concept that the height of the intercentra

first increases (from the axis through the fifth vertebra), then keeps a rather similar

height up to the 22nd presacral, and then again decreases to the 27th which has an

open chorda incisure instead of a foramen (figs. 30, 50). In the near-articulated spec-

imen from Kupferzeil (SMNS 80913) the last six intercentra clearly differ among
each other so significantly that a definite sequence can be established according to

the criteria mentioned before.

4.4.5. The sequence of rib types through the axial skeleton

The proper assignment of the various ribs with particular vertebrae poses more

Problems than that of the intercentra, and it cannot be ultimately resolved for all re-

gions. All authors so far failed to establish such a series, and the reasons have to be

sought entirely with the poverty of the disarticulated rib material from the Gaildorf

and other Alaunschiefer localities.

The following criteria appear to be correlated with the relative position of the ribs:

1. Rib length distal to the ventral bending point.

2. Presence and morphology of proximal and distal uncinate processes.

3. Degree of Separation and morphology of capitulum and tuberculum.

4. Morphology of distal rib shaft.

5. Length of the portion proximal to the bending point.

6. Morphology and distance of diapophysis and parapophysis.

In the axis, the diapophyses and parapophyses are nearest and of almost round

shape. The corresponding rib (A), whose head approaches most closely this struc-

ture, is fairly long yet little differentiated as compared to other anterior trunk ribs.

The following ribs are very similar in the morphology of their heads, such as the di-

and parapophyses of the corresponding vertebrae are. Instead of establishing a de-

tailed and speculative sequence, I should like to rather grossly arrange the rib types

according to: (1) the length of the distal shaft (the longer the more anterior), (2) the

size of the distal uncinate process (the larger the more anterior), and (3) the position

of the distal uncinate process relative to the distal end (the more distal the more an-

terior). The length of the proximal rib portion (i.e. proximal to the bending point) is

throughout the same for the anterior ribs. According to this scheme, the proximal

shaft which bears the proximal uncinate process decreases in thickness caudally, and

the region is less differentiate, especially in lacking the various additional crests

which are characteristic of the posterodorsal side of the anteriormost trunk ribs. At

the prominent bending point the ribs usually turn at an angle of 50-55° ventrally,

thus paralleling the supposed body outline. According to this evidence, the anterior

trunk region was much flattened (Watson 1958), with a transversely long-oval, dor-

sally compressed transsectional area.

Further posterior (at about the 8th or lOth vertebral position) first the proximal

and then the distal uncinate processes disappear. The former are borne by a crest on

the dorsoposterior side of the rib and may persist eventually in a rudimentary State

up to the sacrum, which is a matter of individual Variation. The latter, throughout

found distal to the bending point, disappear fairly soon, which gives the rib a much
more slender appearance. The distance between capitulum and tuberculum increas-
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es in these vertebrae, indicating a distally extended neural arch. The bending point of

the ribs has disappeared, resulting from the smaller length of the ribs in which this

distal point is simply not reached. The articulation facet of the tuberculum is also

much extended, and by its structure reveals a very tight fitting of rib and vertebra.

The next series of trunk ribs (15-20) are both shorter and more slender, with un-

cinate processes almost lacking. The head region is, however, similar to that of more

anterior ribs, and it differs from the somewhat similarly shaped tail ribs foremost by

the well-differentiated tuberculum and capitulum. The distal end and shaft are much
thinner than in the aforementioned rib types.

Finally, the last presacral ribs tend to differentiate again, develop uncinate pro-

cesses and a rather flat, proximal region. The articulation facets for the vertebra have

also changed substantially: capitulum and tuberculum have become increasingly

similar to each other, and strongly suggest that the length of the transverse process-

es is also reduced. The proximal portion, distal to the immediate rib head region, is

flattened and bears numerous crests and bosses respectively. The last three rib types

are very similar in head structure to the sacral rib, which is not significantly larger

than the more anterior ones.

4.4.6. Structure and length of the tail

The caudal skeleton, as far as can be concluded from available remains, is moder-

ately large and has a massive base with a relatively high number of caudal ribs and

haemal arches (fig. 51). Both of the latter data indicate the presence of a transversely

deep and not too short caudal skeleton. There are at least 8 caudal ribs, as suggested

by both partially articulated material and the diversity of caudal parapophyses. The

haemal arches are found from the fifth or sixth caudal backwards, but their length is

uncertain. The presence of caudal ribs and haemal arches suggests that the anterior

portion of the tail had a large cross-sectional area. The known tail skeleton in the

largest specimen has a length of 50 cm, with the last vertebra being rib-bearing, hae-

mal arch-bearing, and still well differentiated. A posterior continuation of the tail is

hence obvious. Modest estimation, derived from an extrapolation of the direct data

on the height and diameter of the last definitely known tail segment, gives a tail of

about 140 cm length. The entire animal, to which the giant specimen belonged, con-

sequently must have been slightly longer than 5 m. An estimation which draws data

from other capitosaurs into consideration, arrives at a very similar result: if the pro-

Fig. 5 1 . Reconstruction of the caudal skeleton in Mastodonsaurus gigantens, based on isolat-

ed caudal intercentra and indirect evidence from closely related genera.
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portions of Paracyclotosaurus davidi are taken as additional guide, a head-to-tail

length of nearly 5 m is obtained. Finds of mastodonsaur tusk, exceeding the size of

those of the giant specimen by far, suggest the presence of much larger animals in

both Kupferzell and Gaildorf localities. Jaeger's original specimen, SMNS 5591 1, is

in fact the largest amphibian tooth ever reported on, and tentative estimation would

give an animal of nearly 6 m length.

4.4.7. Appendicular skeleton

The posture of the fore limb is constrained by the geometry and topography of

the articulation facets, which are generally relatively well ossified, though obviously

were covered by cartilaginous caps. The glenoid faces laterally and posterolaterally,

whatever orientation of the scapula is preferred (fig. 52). There is, however, little

doubt that the scapula faced rather steeply upwards, as results from all attempts to

fit the scapulocoracoid, cleithrum, and clavicula together. The massiveness and rigid-

ity of the latter suggest that most specimens are undistorted in that region, and the

minimal number and amount of fractures agrees with this. The structure of the glen-

oid thus permits a posture in which the humerus directed strictly laterally, and rota-

tion along the head of the latter would bring it into a more posteriorly directed po-

sition. Other movements, such as a foreward rotation of the humerus, appear to be

strongly constrained by the glenoid and largeley impossible. On the other hand, a

vertical rotation of the humerus around a sagittal axis, such as to lift the body, can-

not be ruled out.

The orientation of the antebrachium towards the humerus is constrained by the

morphology of the ectepicondyle in particular (fig. 52). This faces entirely to the

side, permitting only a lateral articulation of the radius. The posture must conse-

quently have been a sprawling one, with the arms held straight to the side and only

minimally to the back, and the forearms facing to the side rather than the front as in

Eryops, Sclerocephalus, Archeria, and Proterogyrinus. In old specimens the proximal

articulation facet extends both to the side and ventrally, and in addition the convex-

ity increases, so that the angle of rotation with maintained bone contact is larger than

in smaller specimens.

The attachment of the ilium to the sacral rib is indicated by a triangulär rugose and

sculptured area, which in some specimens neatly mirrors the shape of the dorsal iU-

adic end (figs. 37, 46). As the orientation of the sacral rib with respect to the axial

skeleton can be ascertained by the structure of the diapophysis and parapophysis,

the distance between the acetabula and hence the width of the body in the sacralre-

gion can be estimated. The depth of the body at this level is given by the length of the

ilium and ischium, but ventral to the latter a considerable amount of cartilage may be

presumed. Hence there is doubt about this measure, although by any assumption

one arrives at a narrow and very shallow posterior trunk. The hind limb was accord-

ing to all evidence similar to that of other large temnospondyls, such as Sderocepha-

lus and Uranocentrodon, with the difference that it was proportionately smaller and

in particular also absolutely smaller and slenderer than the fore limb.

4.4.8. The skeleton as a whole

The proportions of the postcranial skeleton of Mastodonsaurus giganteus have

been a major point of discussion for more than 150 years. In fact, only the combina-
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humerus

Fig. 52. The structure and articulations of the pectoral girdle and fore limb in Mastodunsau-
rus giganteus.

tion of knowledge gathered from the two main samples, the old from Gaildorf and

the new from Kupferzeil, provides sufficient data to reconstruct the skeleton as a

whole. Both sources are equally important.

The articulated Gaildorf material originally consisted of two long vertebral col-

umns (SMNS: Meyer & Plieninger 1844; Huene 1922) and various additional

specimens of fragments of the presacral skeleton (SMNS 4698, GPIT 1804).
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Fie. 53. The structure and articulations of the pelvic girdle and hind limb in Mastodonsaums
giganteus.
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Fig. 54. The complete skeleton of a large specimen of Mastodonsaurus giganteus from two
perspectives. Reconstruction based on numerous observations mentioned in the
text. The skeleton is markedly stouter and broader than that of primitive temno-
spondyls, and the trunk is flattened dorsoventrally. While the length of the trunk is

given by articulated specimens and the spatial relations of the vertebrae and ribs, the
tail is of unknown length. The figured caudal skeleton depicts the minimal size,

which results from the diversity of vertebral and rib types in the tail.
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The trunk of Mastodonsaurus giganteus is almost exactly two times longer than

the skull roof (fig. 54). Tliis proportion can be derived from several independent

lines of direct evidence, and it corresponds well with the structure of other capito-

saur trunks {Uranocentrodon: van Hoepen 1915, Paracyclotosaurus: Watson 1958,

EryosHchus: Ochev 1972, Metoposaurus: Dutuit 1976). The greatest resemblance in

trunk proportion is between Mastodonsaurus and Paracyclotosaurus. The lines of ev-

idence supporting this reconstruction are as follows.

(1) The complete articulated specimen from Gaildorf (SMNS 4707, see Meyer &
Plieninger 1844; Fraas 1889; Huene 1922) encompasses the complete skull

(74 cm), the presacral column (145 cm), and parts of the appendicular skeleton (hu-

merus: 24 cm). The length of the presacral column is a minimal measurement, given

that the last preserved vertebra (the 28th) actually is the sacral.

(2) The incomplete articulated specimen from Gaildorf (SMNS 4698) in which 20

vertebrae are preserved in tight articulation. The size of the vertebrae is nearly the

same as that of (1). The column is bent to give a dorsally concave line. The length of

a vertebral segment was measured and counted to 28, which gave a presacral length

of 145 cm. This result matches very precisely with the result of (1). Size and length of

the vertebral centra is nearly similar throughout the presacral column, which is

known from (1) and (3).

(3) A specimen from Kupferzeil, including a fragmentary skull (75 cm) and 28 ver-

tebral centra (SMNS 80913). The latter were found partially disarticulated, but

closely associated with the skull. The last vertebra is crescent-shaped and dorsally

with an open chordal incisure. Arranged in a sequence, with distances allowing ar-

ticulation of proportionately matching neural arches, the trunk will have a length of

between 135 and 145 cm, thus giving a trunk nearly two times longer than the skull.

(4) A giant specimen from Kupferzell with a partial skull (fragments of palate and

two complete mandibles), 35 intercentra, numerous fragments of neural arches, and

a large number of morphologically diverse ribs (SMNS 81310). The skull was about

125 cm long (mandibles: 140 cm), the arrangement of 28 presacral vertebrae (in the

way explained before) gives a length of 240 cm. As all intercentra are strongly affect-

ed by compaction, their length must be estimated, comparing them to uncrushed

specimens of similar size. This specimen is particularly important, as it has a series of

definitely articulated caudal intercentra, and a variety of associated trunk and tail

ribs.

In sum, reconstruction of trunk proportions relies on the articulated Gaildorf ma-

terial to (1) estimate the length of an average vertebral segment, (2) count the mini-

mal number of presacral vertebrae, and (3) study the Variation in structure and pro-

portions of vertebral segments according to their positions within the column. The

results of (3) help correcting an oversimplified estimation gained from (1).

The presacral count of Mastodonsaurus giganteus is suggested by (a) the first Gail-

dorf specimen (Meyer & Plieninger 1844), (b) the giant Kupferzeil specimen

(SMNS 81310), and (c) phylogenetic ground-plan reconstruction. The latter relies

on data from Uranocentrodon senekalensis (van Hoepen 1915; Huene 1956: 28

presacrals) and Paracyclotosaurus davidi (Watson 1958: 28 presacrals).

The tail of Mastodonsaurus was, for the reasons mentioned and discussed before,

much longer than previously considered by certain authors (figs. 51, 55). Although

the general morphology of caudal skeletons in capitosaurs is rather well understood,

complete finds are extremely rare. Paracyclotosaurus davidi is the only find known
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in which the tail is completely preserved (Watson 1958). As both the structure and

length of the presacral skeleton and the morphology of the tail base are very similar

in Mastodonsaurus, and especially the proportions with respect to the cranium, I

conclude that the tail of the latter was very likely to be slightly shorter or as long as

the skull, which would mean a length of about a metre in a large specimen.

In conclusion, the general appearance of the skeleton of Mastodonsaurus gigan-

teus comes very close to that of other large capitosaurs and related genera (fig. 55).

Keeping the numerous and far-reaching anatomical differences in mind, the overall

resemblance to a crocodile is compelling. This has been stressed numerous times

(starting with Meyer & Plieninger 1844), but is certainly not a fortunate compar-

ison. The extremely flattened and platybasic skull and especially the large degree of

flattening in the trunk are striking features of capitosaur body architecture. The bod-

ily appearance of Mastodonsaurus giganteus is much better and physiologically

more reasonably compared to that of the largest specimens of the Japanese Giant

Salamander, Andrias japonicus, with the exception that capitosaur skull design bears

many plesiomorphic features not found in extant groups. Among urodeles, Amphiu-

ma tridactylum resembles Mastodonsaurus most closely in the appearance of the

skull, both by its narrow outline and the exceptionally high degree of ossification.

The flatness of body architecture is a very frequent, if not general phenomenon

among the largest species of Recent lissamphibians, with such different forms as

Conraua goliath (the West African Goliath Frog), the cryptobranchid Andrias ja-

ponicus (The Japanese Giant Salamander), and Dicamptodon ensatus (The Pacific or

Marbled Giant Salamander).
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Glossary of anatomical terms

The foUowing list of anatomical terms summarizes the existing and useful names

for morphological features in temnospondyls. IVIany of them have been invented by

comparative morphologists early in this Century, and therefore are in Latin language.

Some terms which are more general are even older and have gained universal accep-

tance. Other, younger terms are either Engiish or somehow modified Latin, depend-

ing usually on the mother language of the author who suggested them. It is reason-

able to keep all terms that have gained general acceptance, or at least v^hich have ex-

perienced a continued use, and to prefer them over less widely used (and known)
Synonyms. While a mixture of Latin and Engiish terminology is unavoidable, this

strategy is certainly more useful than attempting to establish a new and standardized

terminology, either Latin or Engiish.

The translation of all Latin terms into Engiish would pose major problems in

some cases, as it would be difficult to keep the higher degree of precision character-

istic of many words in the Latin language. I have invented new terms (in Latin) for

features which have been inadequately referred to by Engiish terms. In addition,

new features, of which this study has yielded a relatively large number, are referred

to by new terms. I suggest Latin names in this case, although often an Engiish trans-

lation would not pose problems; in this case the use of the language may be decided

by subsequent authors.
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Adductor chamber: The widened mandibular cavity anterior to the glenoid ar-

ticulation which terminales somewhat before the anterior rim of the adductor

window.

Adductor window: The dorsal opening of the adductor chamber framed by pre-

articular and surangular lingually, coronoid and surangular labially, and articular

posteriorly. Synonyms: fenestra adductoris, adductor fossa of some authors.

Alary process: An ascending process of the premaxilla by which this bone con-

tacts the nasal medial to the naris. Synonym: Processus alaris.

Angulus adductoris: A broadened and flat depression on the labial side of the

mandible, running along the labial margin of the adductor window. Its name re-

fers to the probable insertion of adductor musculature on this area, as suggested

by its characteristic surface.

Apertura praemaxillaris: Paired or unpaired opening(s) in the palate, bordered

by vomers posteriorly and premaxilla anteriorly, accommodating the tusk of the

Symphysis.

Arcus: The arc which frames the neural canal, formed by the processus spinosus

dorsally and the processus transversi laterally.

Basal plate: The posterior portion of the parasphenoid, behind the interpterygoid

vacuities, by which the bone is sutured with the pterygoids.

Canalis primordialis: The slender cavity between the lingual and labial walls of

the mandible.

Capitulum: The ventral facet on the head of the rib which articulates with the par-

apophysis.

Caput capituli: The process bearing the capitulum.

Caput humeri: The proximal head of the humerus.

Caput tuberculi: The process bearing the tuberculum.

Choana palatalis: The superficial outline of the internal narial opening situated

in the main plane of the palate.

Choana proprieta: The proper outline of the internal narial opening, which is of-

ten situated dorsal to the main plane of the palate, arranged in an oblique plane

relative to the palate, and which is generally smaller than the choana palatalis. This

distinction is useful within the Capitosauridae, where the morphology and size of

the choana differs considerably and might be a phylogenetically significant fea-

ture.

Columna verticalis: A straight dorsal process of the exoccipital, connecting the

occiput with the postparietal.

Commissura anterior: The transverse connection between the paired sulcus in-

fraorbitales and s. supraorbitales.

Condylus occipitalis: The only bearer of the articulation between the skull and

the vertebral column (proatlas or atlas). In many, especially primitive temnospon-

dyls formed by basioccipital (ventral) and exoccipitals (dorsolateral), it is solely

formed by the exoccipitals in certain advanced, large-growing capitosaurs such as

Mastodonsaurus and Cyclotosaurus, as well as the Metoposauridae.

Conical recess: A nearly round depression on the dorsal side of the parasphen-

oid, in the basisphenoid region anterior ro the otic, medial to the epipterygoid,

and lateral to the laterosphenoid region of the sphenethmoid. It probably housed

the cartilaginous lateral portion of the basisphenoid in stereospondyls. Synonym:

Recessus conoideus.
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Crista basioccipitalis: A medial and unpaired crest rising from the posterior,

raised margin of the parasphenoid and running sagittally along the dorsal surface

of the bone, dividing the fossa basioccipitalis by half.

Crista falciformis: A posterior outgrowth of the superficial, skull-roofing por-

tion of the squamosal, forming part in the posterior rim of the skull roof. In Cy-

clotosaurus and other so-called 'closed-notched' capitosaurs the crista falciformis

is sutured or fused to the tabular posterior to the otic notch, thus encircling an ot-

ic window.

Crista laterosphenoidalis: Paired crests attached to the laterosphenoid portion

of the sphenethmoid, on the dorsal side of the parasphenoid, at the interface

between basal plate and cultriform process.

Crista muscularis: A transverse crest at the posterior rim of the basal plate, sug-

gesting the origin of hypaxial musculature.

Crista parapterygoidea: A transverse, dorsal outgrowth of the parasphenoid at

the posterior rim of the conical recess in the basipterygoid region. It continuous-

ly rises laterally, and forms a dorsolateral process by which it articulates with the

ventral proximal head (VPH) of the stapes.

Crista paroccipitalis: A high ridge or crest rising from the posterolateral mar-

gin of the parasphenoid, running obliquely anteromedial on the dorsal surface of

the bone.

Crista tubercularis and crista capitularis: Medial crests running on the

proximal-dorsal side of the rib heads.

Cultriform process: The anterior portion of the parasphenoid, which is bor-

dered by the interpterygoid vacuities and that interconnects the vomer with the

basal plate. Synonym: Processus cultriformis of some authors.

Dental ramus: The tooth-bearing portion of the premaxilla. Synonym: Ramus
dentalis.

Diapophysis: The rib articulation facet of the neural arch.

Dorsal proximal head: The footplate of the stapes, or dorsal portion of the head

in temnospondyls, which points into the fenestra ovalis (DPH). Note that the

dorsal head of the temnospondyl stapes is probably not homologous with the

dorsal head of the amniote stapes (see Lombard & Bolt 1988). Synonyms: Pro-

cessus vestibularis, caput columellae, footplate.

Dorsum sellae region: The ventral ossification in the laterosphenoid region,

named after the characteristic region of the hindbrain.

Ectepicondyle: The antero-ventral condylus of the distal end of the humerus, ar-

ticulating with the radius.

Entepicondyle: The postero-dorsal condylus of the distal end of the humerus, ar-

ticulating with the ulna.

Epipterygoid footplate: The ventral facet of the epipterygoid by which the de-

ment is suturally connected with the pterygoid.

Facies intercentralis: The facet for the attachment to the tuber articularis of the

intercentrum.

Facies pleurocentralis: The articulation facet for the pleurocentrum, situated

entirely on the posterior side of the processus transversus and facing posterome-

dially.

Fenestra ovalis: An opening which in Mastodonsaurus is framed by the otic, ex-

occipital, pterygoid, and parasphenoid and into which the footplate of the stapes
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fitted in natural articulation. By definition (articulation of stapedial footplate) this

opening includes, if not represents the fenestra ovalis as known from Recent am-

phibians and amniotes. Synonyms: Fenestra vestibuli, Oval window.

Flexura lacrimalis: A sigmoid curvature of the sulcus infraorbitalis, in most tem-

nospondyls situated on the lacrimal.

Fodina vomeralis: An elongated, countersunk area on the ventral surface of the

palate, separating the vomers in the midline and exposing the anterior portion of

the cultriform process. Anteriorly the fodina continues as a channel enclosed by

the vomers which opens anterior to the dentes postfenestrales, right behind the

apertura praemaxillaris.

Foramen chordae tympani: Relatively large opening ventrolingual to the glen-

oid area of the mandible, in Mastodonsaurus situated at the articular-prearticular

suture.

Foramen magnum: The largest opening in the occiput, bordered by the exoccip-

ital laterally, the parasphenoid ventrally, and the processus lamellosus dorsolater-

ally.

Fossa basioccipitalis: A medial depression in the posterior portion of the para-

sphenoid, on its dorsal side.

Fossa parasphenoidalis: Paired grooves or pockets in the posterior portion of

the ventral side of the basal plate, posterior to the crista muscularis. Synonym:

parasphenoid pocket, muscular pocket.

Glenoid facet: The articulation facet for the humerus head, formed by the scapu-

locoracoid.

Glenoid area: The articulation facet for the articular in the mandible.

Incisura capitis: The region separating the two rib heads.

Interpterygoid vacuities: Medium-sized to large openings in the palate, ventral

to the orbital windows, bordered by the pterygoids, vomers and eventually pala-

tines, and separated in the midline by the cultriform process.

Lamina ascendens: A sheet-like, curved and irregularly shaped outgrowth of the

pterygoid, connecting to the squamosal dorsally, the epipterygoid anteroventral-

ly, the otic posterodorsally, and the quadratojugal posterolaterally.

Lamina descendens: The counterpart of the lamina ascendens, formed by the

squamosal, and in capitosaurs usually closing the occipital face of the cheek.

Lamina supraoccipitalis: A continuous descending flange of the postparietal

and tabular, forming the posterior face of the skull roof in occipital view.

Latera vertebrae: The smooth and concave flank of the cylindrical intercentrum.

Laterosphenoid roof: The medial and unpaired roof of the posteriormost por-

tion of the sphenethmoid region, which in later stages fuses with the otic in Mas-

todonsaurus.

Meckelian window: The large fenestra on the lingual side of the mandible, bor-

dered by prearticular, postsplenial, dentary, and angular.

Mentomandibular ossification: A paired bone in the Symphysis, representing

the anterior portion of the mentomeckelian, the primordial cartilage of the man-

dible in gnathostomes, which ran along the canalis primordialis (MM).

Otic hörn: The ascending process of the otic by which the neurocranium contacts

the postparietal and supratemporal.

Parapophysis: The rib articulation facet of the intercentrum.

Postglenoid area: The region posterior to the glenoid facet of the mandible
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(PGA). This term was introduced (Warren & Black 1985) to generally refer to

this region without specifying by which elements it is formed.

Processus anterior: An anterior outgrowth of the epipterygoid.

Processus ascendens palatoquadrati: Inits strict sense, this structure is con-

fined to the embryonic and early larval stages of primitive tetrapods and the em-

bryonic stages of amniotes. The ossified, late-ontogenetic counterpiece has long

been referred to as the epipterygoid, although this ossification often encompasses

more than just the processus ascendens palatoquadrati. In Mastodonsaurus the

sphenethmoid process of the epipterygoid is most likely to represent an ossified

portion of the processus ascendens.

Processus basalis: A posteromedial rudimentary process or simple facet rising

from the epipterygoid footplate on its medial side.

Processus dorsalis: A rod-like, dorsomedial outgrowth of the epipterygoid con-

necting to the parietal lateral to the pineal foramen.

Processus hamatus: An anterodorsal extension of the glenoid area, formed by

the articular, and framed by a dorsal ougrowth of the prearticular, forms a strong

abutment against the quadrate trochlea.

Processus paroticus: An oblique, dorsolateral outgrowth of the exoccipital,

which is blade-like in large capitosaurs and connects to the underside of the tabu-

lar; in older hterature usually referred toas processus paroccipitalis.

Processus parasphenoidales: Posteromedial outgrowths of the vomers which

underplate the cultriform process. In many capitosaurs these processes form

prominent bulges, and are separated by a markedly countersunk area, the fodina

vomeralis.

Processus posterior: A short and straight posterior outgrowth of the epiptery-

goid, by which the dement connects to the lamina ascendens of the pterygoid.

Processus sphenethmoidalis: An anterodorsal process of the epipterygoid,

connecting to the neurocranium in the sphenethmoid region, either by means of a

simple abuttment, or sutural such as in Mastodonsaurus.

Processus submedullaris: A ventrally situated, anterior outgrowth of the exoc-

cipital, situated below the foramen magnum and below the basioccipital rudiment

of higher temnospondyls.

Processus subtympanicus: The process by which the exoccipital contacts the

pterygoid in advanced capitosaurs.

Processus vomeralis: The ventral, posteriorly directed process of the premaxil-

la by which it connects to the vomer.

Processus uncinatus distalis: Crest or blade-like outgrowth of the Stylus dis-

tal to the processus uncinatus proximalis and usually also distal to the main bend-

ing point of the rib.

Processus uncinatus proximalis: A crest or irregulär outgrowth on the poste-

rior flank of the dorsal rib face, proximal to the bending point of the Stylus.

Stylus costae: The cylindrical shaft of the rib.

Sulcus accessorius: A short and blindly ending lateral sense canal immediately

ventral and labial to the glenoid area, passing through the surangular and branch-

ing from the sulcus articularis.

Sulcus articularis: An oblique lateral sense canal running through the surangu-

lar and connecting the sulcus accessorius with the sulci dentalis and marginalis.
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Sulcus dentalis: A long lateral sense canal running in parallel with the dental ar-

cade of the mandible and passing through the surangular and dentary.

Sulcus infraorbitalis: The lateral sense canal lateral and ventral to the orbit,

passing through squamosal, jugal, lacrimal, and maxilla.

Sulcus marginalis: A short lateral sense canal running through the angular and

surangular, where it merges into the sulcus accessorius.

Sulcus supraorbitalis: The lateral sense canal medial and dorsal to the orbit,

passing through premaxilla, nasal, lacrimal, prefrontal, frontal, postfrontal, post-

orbital and finally unites with the sulcus infraorbitalis on the jugal.

Sulcus temporalis: The lateral sense canal on the posterior skull table postero-

medial to the orbit, passing through tabular, supratemporal, and postorbital,

where it merges into the sulcus supraorbitalis.

Supinator process: An outgrowth of the anterodistal face of the humerus, facing

anteroventrally. It is presumed that this process served as an attachment site for

the supinator musculature, although the broad size and shape spectrum among

early tetrapods and stem-amniotes suggests that this Interpretation may not be

universally correct.

Torus arcuatus: A bulge or thickening topping the labial wall of the adductor

Chamber and forming the labial margin of the adductor window, labial to the an-

gulus adductoris.

Torus lingualis: A bulge or thickening topping the lingual wall of the adductor

Chamber and forming the labial margin of the adductor window.

Tuber articularis: The attachment site for the neural arch, in most intercentra sit-

uated dorsal and posterior to the facies pleurocentri.

Tuberculum: The dorsal facet on the head of the rib which articulates with the di-

apophysis.

Ventral proximal head: A stilette-like protuberance of the stapedial head ven-

tral to the footplate, and usually separated from the latter, forming an articulation

with the crista parapterygoidea of the parasphenoid (VPH). Synonym: processus

ventralis.
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Plate 1

Skull of Mastodonsaurus giganteus Qaeger, 1828) in dorsal view. This specimen was found

in the aluni mine at Gaildorf, and is the best preserved skull of this species among the finds

made in the nineteenth Century. Skull length 60 cm. SMNS 4698.
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Plate 2

Skull of Mastodonsaurus giganteus in dorsal view. Best preserved specimen from Kupfer-

zeil, with completely preserved and uncrushed braincase. Skull length 60,5 cm. SMNS 54675.

See also textfigures 1 and 9.
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Plate 3

Skull of Mastodonsaurus giganteus in dorsal view. Kupferzell. Skull length 54,5 cm. SMNS
54678.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



SCHOCH, MASTODONSAURUS GIGANTEUS 173© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zobodat.at



174 STUTTGARTER BEITRÄGE ZUR NATURKUNDE Ser. B, Nr. 278

Plate 4

Skull of Mastodonsaurus giganteus in ventral view. Kupferzeil. Same specimen as in plate 3.
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