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ABSTRACT: Morphology and ontogenetic changes in the skull and hyobranchium of the
Permo-Carboniferous temnospondyl Archegosaurus decheni from the Saar–Nahe Basin (SW
Germany) are described in detail, based on 181 skulls ranging from 18 to 279 mm in length.
Three-dimensional skull reconstructions including the palate of different growth stages are provided.
The extremely elongate choanae and up to four median symphyseal teeth are unique to A. decheni.
Among neurocranial elements, the exoccipital is well ossified and forms the paroccipital process as
in stereospondyls. The shaft of the stapes which projects into the squamosal embayment grows with
positive allometry and possesses a distinct lateral process. The basibranchial is well ossified in adults
and exhibits a complex, spoon-like morphology. Small larvae were euryphagous and used non-
directed suction and jaw prehension during prey capture. Larger larvae and adults were mainly
ichthyophagous, as is indicated by the increasingly elongated snout, differentiation of marginal teeth,
and nutrition remains. After a prolonged larval period, juvenile and adult A. decheni remained in the
aquatic habitat, as suggested by the presence of lateral line sulci, the ‘aquatic type’ of septomaxilla
and choana, and the absence of a nasolacrimal duct.
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Among Permo-Carboniferous temnospondyls, Archegosaurus
decheni is known from an exceptional high number of indi-
viduals in an extensive size range. Adult specimens reach more
than 15 times the length of the smallest known individuals. In
this respect, Archegosaurus decheni is comparable only to the
actinodontid Sclerocephalus haeuseri (Boy 1988; Schoch 2003).
Small growth stages possess larval characteristics, such as
branchial dentition and external gills, that cannot be demon-
strated in large individuals. Archegosaurus thus permits the
study of larval development to the juvenile and adult phases.
The excellent preservation of skulls allows not only the
analysis of the dermal skull and mandible, but also of the
neurocranial and palatoquadrate ossifications.

Scientific investigations of Archegosaurus date back to the
first half of the 19th century when palaeontology was estab-
lished as an independent field. Dechen (1847) discovered
concretions in the Toneisenstein quarries near Lebach in SW
Germany which contained remains of differently sized
tetrapods. Goldfuss (1847) published the first description of
Dechen’s findings, placing the specimens into a new genus,
Archegosaurus. Jäger (1850) noticed that remains of Archego-
saurus had already been erroneously referred to the fish
Pygopterus lucius by Agassiz (1833). Goldfuss distinguished
three species, naming the large specimens Archegosaurus dech-
eni, the medium- sized A. medium, and the small ones A. minor.
Jordan (1849) published additional notes on the skull mor-
phology of Archegosaurus decheni and described a further
tetrapod species of the Lebach fauna which he called Archego-
saurus latirostris. Burmeister (1850) provided a more detailed
description of Archegosaurus, recognising that the differently-
sized specimens of Archegosaurus represent various growth
stages of only one species, i.e., Archegosaurus decheni.

Meyer (1858) published his seminal monograph on Archego-
saurus, including a restoration of the dorsal skull roof of an

adult specimen. He also elaborated on the individual growth of
Archegosaurus and documented changes in skull proportions.
A description of the lower jaw of an adult specimen of
Archegosaurus decheni was published by Jaekel (1896). Watson
(1919) discovered remains of the ossified neurocranium in
Archegosaurus decheni. However, his material was not
adequately preserved to allow a detailed description. Hofker
(1926) described the neurocranium of Archegosaurus decheni,
misinterpreting some of the neurocranial bones. He used the
teleostean skull for comparison because only little was known
about the morphology of the temnospondyl neurocranium at
that time. Additionally, Hofker was able to demonstrate
new details of the hyobranchial skeleton. Whittard (1928)
provided a reconstruction of the palate with important new
characteristics, and a reconstruction of the lower jaw.

After 1928, no original work on Archegosaurus was pub-
lished for decades. Romer (1939) referred to individual growth
stages of A. decheni within the scope of his study on ‘branchio-
saurs’, and Boy (1974) and Boy & Sues (2000) mentioned
aspects of the ontogeny of A. decheni in comparison with other
temnospondyl larvae. In his palaeoecological work on the
Lower Rotliegend of Rheinland–Pfalz and the Saarland (SW
Germany), Boy interpreted A. decheni as a specialised fish
hunter (Boy 1976, 1993a). Milner (1978) revised a tetrapod
from the Košt’álov-Kalná Horizon (Autunian) in the Czech
Republic that was described by Steen (1938) as Memonomenos
dyscriton. He identified it as temnospondyl and transferred it
to the genus Archegosaurus as the species A. dyscriton. Boy
(1993a) provided a reconstruction of the skull roof and the
anterior part of the palate of a medium-sized A. decheni. In
1997, a paper was published by Gubin which exclusively deals
with the skull morphology of A. decheni. All dermal bones of
the palate were illustrated for the first time. In addition, parts
of the neurocranium were described. Many morphological
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aspects, however, remained unconsidered because only few
specimens were available to Gubin. Witzmann (2004)
described external gills and associated structures of the hyo-
branchial skeleton in larval A. decheni and compared them to
those of other Palaeozoic anamniotic tetrapods.

The first aim of the present study is to provide a detailed
description and reconstruction of the cranial anatomy of A.
decheni. Since the pioneer work of Meyer (1858), numerous
new specimens of A. decheni have been collected and newly
prepared. In addition to a re-examination of material that was
the subject of earlier works, previously undescribed and in
parts exceptionally well preserved specimens were considered.
The second aim is to describe the ontogenetic changes in the
skull and visceral skeleton of A. decheni. Because the extensive
size series of A. decheni reveals ontogenetic information that is
unavailable in the majority of other temnospondyls, its study
sheds light on temnospondyl ontogeny and evolution in
general. A further aim is the reconstruction of the mode of life
including feeding behaviour of A. decheni on the basis of
the morphologic results, taking into account the associated
tetrapod and fish fauna.

1. Stratigraphic and geographic range

The upper part of the Rotliegend (Autunian, which dates
around the Permo–Carboniferous boundary) in the Saar–Nahe
Basin was divided by Boy & Fichter (1982) into ten members,
L-O 1 to L-O 10. The occurrence of Archegosaurus decheni is
restricted to the Humberg Black Shale which belongs to L-O
10 (Boy 1987; Boy et al. 1990).

A basin facies in the northeast (Nahe Syncline) and a
marginal facies in the southwest of the Saar–Nahe Basin can
be distinguished within the Humberg Black Shale (Boy 1987;
Boy et al. 1990). In the basin centre, finely laminated shales
with alternating content of carbonate occur, together with
poorly laminated and bituminous black claystones. According
to Boy (1987), only one specimen of Archegosaurus decheni has
been discovered in this facies. The basin facies merges into the
marginal facies to the southwest. The black shales wedge out,
whereas layers and concretions (geodes) of siderite become
more abundant. They increase to a clay–iron–stone facies in
the area of Lebach near Saarbrücken, the so-called ‘Tonstein-
lager’. The siderite concretions frequently contain remains of
Archegosaurus decheni and rarely of the intasuchid temno-
spondyl Cheliderpeton latirostre. The fish fauna consists of the
acanthodian Acanthodes, the palaeoniscoids Rhabdolepis,
Paramblypterus, and Gardinerichthys, rare finds of the xena-
canthids Triodus, Xenacanthus, and Lebachacanthus
(Orthacanthus), as well as the lungfish Conchopoma (Schultze
1975).

In the 19th century, intensive excavations of Toneisenstein
were undertaken in the area around Lebach, especially in the
Gresaubach, Rümmelbach, and Berschweiler quarries, in
which Archegosaurus decheni was frequently recorded
(Burmeister 1850; Meyer 1858). The opencast mining has been
abandoned, and the quarries are no longer accessible. Boy
(1987) reconstructed the habitat of the Lebach-fauna as a vast,
relatively deep lake which he called ‘lake of the type Lebach’.

2. Material and methods

The following completely or partially preserved skulls of
Archegosaurus decheni were examined for this study:

BSM (Bayerische Staatssammlung für Paläontologie und
Historische Geologie, München, Germany): 1869 III 6,
1869 III 7.

GMBS (Geologisches Museum der Bergingenieursschule
Saarbrücken, Germany): P/403, 426, 494, 495, 497, 498,
503, 505, 635, 828.

GPIT (Institut und Museum für Geologie und Paläontologie
Tübingen, Germany): Am 20, 21, 233, 685.

IGS (Institut de Géologie Strasbourg, Université Louis
Pasteur, France): UII 1/1, 1/2, UIII 2, 2/1, 2/2, 2/3, 3/3,
4/5, 5/3, Saa 145.

IPB (Institut für Paläontologie der Universität Bonn,
Germany): A 7, 26, 1344 (Goldfuss 1847, pl. 3, fig. 1),
1352 (Goldfuss 1847, pl. 1, figs 1–3), 1357 (Goldfuss 1847,
pl. 3, fig. 2), R 432, 438.

IPFUB (Institut für Paläontologie, Freie Universität Berlin,
Germany): 13.

MB (Museum für Naturkunde, Humboldt-Universität zu
Berlin, Germany): Am 118 (Meyer 1858, pl. 16, figs 4, 5),
121 (Meyer 1858, pl. 13, fig. 1), 122 (Meyer 1858, pl. 16,
fig. 1), 123, 124, 126, 127 (Meyer 1858, pl. 23), 134, 136,
138–140, 145 (Meyer 1858, pl. 16, fig. 6), 146 (Meyer 1858,
pl. 16, fig. 2), 148 (Meyer 1858, pl. 16, fig. 3), 149 (Meyer
1858, pl. 11, figs 1–4), 150, 152–156, 160, 167, 169,
171–175, 178–189, 191, 193–195, 197, 201–208, 213, 216,
218–223, 225, 227–230, 233–237, 245 (Meyer 1858, pl. 15,
fig. 2), 248 (Meyer 1858, pl. 15, fig. 1), 253, 257, 258, 272,
275, 300 (Meyer 1858, pl. 13, fig. 4), 317, 323, 329, 953,
986, 994.

NNM (Naturalis Museum, Leiden, the Netherlands): 18154,
39027, 39029, 39031, 39034, 39036, 39040, 39043, 39044,
39046, 39048, 39051, 39053, 39065, 39066, 39070, 39072,
39074, 39080–39084, 39087, 39097, 446474, 446478,
446479.

PIM (Paläontologisches Institut Mainz): N n.reg.
PIMUZ (Paläontologisches Institut und Museum der

Universität Zürich, Switzerland): A/II 0019–0023, 0061.
SMF (Forschungsinstitut und Naturmuseum Senckenberg,

Frankfurt am Main, Germany): A3, 3/1, 4, 8, 14, 21, 24,
32, 35, 71, 487.

SMNK (Staatliches Museum für Naturkunde, Karlsruhe,
Germany): 39/13, 39/17, 119, 124, 131.

SMNS (Staatliches Museum für Naturkunde, Stuttgart,
Germany): 3706, 11512, 81850, 81993–81995.

TM (Teylers Museum, Haarlem, the Netherlands): 1154,
1169.

Professor J. A. Boy (Mainz) provided plaster casts of two
skulls housed in the Natural History Museum London
(BMNH) and in the Museum of Comparative Zoology of the
Harvard University, Cambridge, (MCZ) respectively.

The skull length was measured in each case as the distance
from the tip of the snout to the posterior margin of the
postparietals. Small specimens of Archegosaurus decheni have
two-dimensionally flattened skulls, caused by the super-
imposed load of the sediment. For three-dimensional recon-
struction of the skull of a small larva, a wax model was
prepared to determine outline and depth of the skull.

Anatomical abbreviations used in text: ml – mandible length;
sl – skull length.

3. Systematic palaeontology

Tetrapoda Goodrich, 1930
Temnospondyli Zittel, 1888

Stereospondylomorpha Yates & Warren, 2000
Archegosauriformes Schoch & Milner, 2000

Archegosauridae Lydekker, 1885
Archegosaurus Goldfuss, 1847

Memonomenos Steen, 1938
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Archegosaurus decheni Goldfuss, 1847
For a detailed synonymity list until 1889 see Ammon (1889).

1896 Archegosaurus decheni. – Jaekel, pp. 505–521, figs 1–10
1919 Archegosaurus decheni. – Watson, pp. 9–10, fig. 2
1926 Archegosaurus decheni. – Hofker, pp. 109–130, figs 1–16
1928 Archegosaurus decheni. – Whittard, pp. 225–264, pl. 13
1932 Archegosaurus decheni. – Pfannenstiel, p. 24, fig. 10
1939 Archegosaurus decheni. – Romer, pp. 757–758, fig. 3
1947 Archegosaurus decheni. – Romer, pp. 151–153, fig. 28
1974 Archegosaurus decheni. – Boy, pp. 251–254, 256–260,

fig. 13 e, f
1976 Archegosaurus decheni. – Boy, p. 57, fig. 27 a
1977 Archegosaurus decheni. – Boy, pp. 133–134, fig. 8
1978 Archegosaurus decheni. – Milner, pp. 670, 673–676
1983 Archegosaurus decheni. – Haubold, pp. 191–192, figs 134,

138
1991 Archegosaurus decheni. – Gubin, p. 13
1993a Archegosaurus decheni. – Boy, p. 158, fig. 1
1997 Archegosaurus decheni. – Gubin, pp. 103–121, figs 1–8
2000 Archegosaurus decheni. – Schoch & Milner, p. 56, fig. 48
2004 Archegosaurus decheni. – Witzmann, pp. 388–389, fig. 3

3.1. Shared derived characters of archegosaurids
(emended from Schoch & Milner 2000) that are found in
A. decheni
1. Slender supratemporal, forming a long suture with the

squamosal.
2. Maxillary-vomer contact excludes premaxilla from anterior

choanal margin.
3. Double anterior palatal fossae (or very bilobed single).
4. Six to 22 ectopterygoid teeth and no ectopterygoid fang

(shared with Cheliderpeton latirostre).

3.2. Derived characters of adult A. decheni in relation
to other archegosaurids
1. Choanae extremely elongate and narrow, laterally concave,

reaching more than one fifth of skull length and more than
3 times naris length.

2. Four symphyseal fang loci on the dentary medial to the
marginal tooth row on each mandibular ramus.

3. Crest on the ventral side of the tabular that extends beyond
the posterior margin of the tabular horn and forms the
posteroventrally directed tabular extension.

3.3. Differences between different growth stages of A.
decheni
1. Preorbital region proportionally distinctly shorter in small

larvae; its length increases proportionally during ontogeny
in juveniles and adults.

2. Tabular extensions not present until approximately 40 mm
skull length.

3. Choanae proportionally distinctly less elongate in small
larvae; their length grows with positive allometry.

4. Larval specimens (up to 150 mm skull length) with
branchial dentition.

Neotype: The three syntypes of the original description of
Archegosaurus decheni, ‘A. medius’, and ‘A. minor’ by Goldfuss
(1847) were housed in the Institut für Paläontologie der
Universität Bonn. The skull of approximately 150 mm length
illustrated by Goldfuss as A. decheni (1847: pl. 1, figs 1–3) is
lost, and only a plaster cast (IPB A 1352; Fig. 1a) of it is
available. IPB A 1344 is a skull of approximately 70 mm in
length plus trunk, described by Goldfuss (1847: pl. 3, fig. 1) as
‘A. medius’, and IPB A 1357 is the plaster cast from a specimen

of 43 mm skull length plus anterior trunk designated by
Goldfuss (1847: pl. 3, fig. 2) as ‘A. minor’. Because the only
available original specimen of the syntypes (IPB A 1344) was
described as ‘A. medius’ by Goldfuss (1847), it cannot be
chosen as the lectotype of A. decheni. Therefore a neotype of
A. decheni has to be determined. This is MB.Am.116 (a+b)
with a skull length of 279 mm. It consists of a natural mould of
the dermal skull roof plus mandible (MB.Am.116a), and of
almost the complete palate plus parts of the neurocranium
(MB.Am.116b). Both ‘A. medius’ and ‘A. minor’ are non-valid
species and must be assigned to A. decheni.

Locus typicus: Lebach near Saarbrücken, between
Rümmelbach and Gresaubach, Lebach/Saar, Saarland,
Germany.

Stratum typicum: Upper part of the Humberg Black Shale
(Boy et al. 1990), L-O 10 after Boy & Fichter (1982), Lower
Rotliegend, Autunian.

Geographic and stratigraphic distribution: Saar–Nahe
Basin, Meisenheim Formation, Humberg Black Shale
(Königer et al. 2002).

3.4. Non Archegosaurus
‘A. latirostris’ Jordan, 1849 from the Early Permian

Humberg Black Shale of the Saar–Nahe Basin is referred
to as Cheliderpeton latirostre by Boy (1993b).

‘A. austriacus’ Makowsky, 1876 from the Early Permian of
the Boskovice Furrow (Czech Republic) is not a temno-
spondyl but a seymouriamorph. Kuhn (1933) introduced
the name Discosauriscus austriacus.

Credner (1882, pp. 231–234, pl. 13, figs 9–14) reported
findings of A. decheni from the Early Permian
Niederhäslich–Schweinsdorfer Schichten of Saxony
(Döhlen Basin, Niederhäslich near Dresden). However,
the described cranial and postcranial remains can be
assigned to the eryopid Onchiodon labyrinthicus.

Cf. Archegosaurus sp. from the Upper Goldlauter Beds of
Friedrichroda, Thuringia (Early Permian) is pictured by
Langenhan (1909, addendum-plate 2) and consists of the
anterior part of a mandibular symphysis whose rami meet
at an acute angle. The original specimen is lost (R.
Werneburg, pers. comm. 2003). According to the figure,
the mandibular teeth possess a cap that can be interpreted
as a cap of acrodine. Acrodine is a unique character of
actinopterygians (Janvier 1996).

‘A. ornatus’ Woodward, 1905 from the Late Permian Vihi
Beds, Mamal Formation of Kashmir, is referred to as
Kashmirosaurus ornatus by Werneburg & Schneider
(1996).

Konzhukova (1956) assigned a lower jaw from the Late
Permian of the Inta region (Russia) to Archegosaurus sp.
Gubin (1986) described this specimen as an intasuchid
incertae sedis.

‘A. kashmiriensis’ Tewari, 1960 is a junior synonym of ‘A.
ornatus’ (=Kashmirosaurus ornatus; Werneburg &
Schneider 1996).

Haubold (1983) and Werneburg (1986) reported question-
able postcranial remains of Archegosaurus in the Upper
Oberhof Beds of Friedrichroda, Thuringia (Germany).
Werneburg (1988) assigned these remains to the eryopid
Onchiodon labyrinthicus.

4. Dermal skull roof

4.1. Outline and proportions of the skull
Figures 2–5 show reconstructions of skulls of A. decheni
ranging from 18 to 279 mm length (measured from the tip of
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the snout to the posterior margin of postparietals). The skull
forms an isosceles triangle that tapers distinctly in its anterior
part with increase of skull length. The anterior end of the snout
is blunt and slightly broadened in the larger skulls. During size
increase, the preorbital length (‘length of snout’) exhibits
distinct positive allometry. The smallest skulls have a pre-
orbital length that accounts for approximately 40% of skull
length. In middle-sized skulls, preorbital length amounts
around 60% of skull length, and in the largest skulls it is almost
70%.

The shape of the orbits is oval, with the longitudinal axis
aligned nearly parallel to the lateral margin of the skull. In
most specimens, a slight anteromedial constriction of the
orbits is present. The maximum orbital length measures almost
30% of skull length in the smallest specimens. During further
ontogeny, the orbits decrease proportionally in size, so that
their length accounts for only 10% in the largest skulls. The
orbits face upwards and laterally and are surrounded by a
torus in large specimens. During growth, the interorbital width
increases proportionally with respect to individual orbital
width. In the smallest skulls, the interorbital width accounts
for approximately 70% of orbital width, whereas it is about 1·5
times the orbital width in the largest skulls. Ossified round-
oval sclerotic rings can be found in the orbits. They consist of
28–29 bony platelets which do not overlap. The platelets are

longer and broader in the anterior and median part of the ring.
Carbonised remains, which may derive from the retina, are
often preserved inside the ring.

The parietal foramen is situated a short distance posterior to
the orbits in the smallest specimens. It shifts posteriorly during
increase of skull length, so that it lies more than one third of
the postorbital skull length posterior to the orbits in the largest
skulls.

The external nares open dorsolaterally and are situated
approximately 2·5 times their length posterior to the tip of the
snout in the largest specimen, but are close to the snout tip in
small specimens. The external nares are proportionally slightly
more elongate in large specimens than in the small larvae.

In large skulls, a thickened ridge extends from the tabular
horn and runs anteriorly and slightly medially on the lateral
part of the supratemporal; it turns in anterolateral direction
towards the orbit at the level of the supratemporal-postorbital
suture (Figs 4, 5). The skull table is clearly concave between
these two ridges. This concavity decreases slightly in the
interorbital area, whereas the surface of the skull roof is
slightly convex in the preorbital part. Similar ridges begin at
the anterior end of each orbit and extend anteriorly. They are
not as strongly developed as the ridges on the posterior skull
table. The ridges are best visible on the prefrontals and are
only faintly visible anterior to them.

Figure 1 Archegosaurus decheni. Plaster casts of the lost type specimens: (a) IPB A 1352 (sl=150 mm); (b) IPB A
1357 (sl=43 mm).
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4.2. The bones of the dermal skull roof
Figures 6–14 show different skulls of A. decheni. The
dermal skull roof (except for the septomaxilla, see below) is
already well ossified in the smallest known individual with a
skull length of 18 mm. As in osteolepiform fishes (Cote et al.
2002) and most temnospondyls (Boy & Sues 2000), the
neurocranium starts to ossify distinctly later than the dermal
skull bones (see section 8).

The premaxillae are paired massive bones which form the
anteriormost part of the snout. Their median suture accounts
for approximately 10–15% of preorbital length in the smallest
specimens, whereas it increases to more than 20% in the largest
skulls. The ossification centre is slightly elevated, forming the
eminentia praemaxillaris (Fig. 14b). A premaxillary foramen
(foramen praemaxillare) as reported by Gubin (1997) cannot
be found in the investigated specimens. An alary process
(Fig. 13) is present medial to the external naris in some
specimens, whereas it is missing in others (polymorphism).

The maxilla is connected to the premaxilla lateral to the
naris by a short suture. It attains its maximum depth at about
the level of the anterior tip of the lacrimal. Its depth decreases
constantly from this point posteriorly until it contacts the
quadratojugal by a very narrow suture (Figs 2, 3c). During
growth, the maxilla exhibits distinct positive allometry in
length. In dorsal view, its lateral margin is straight in the
smallest larvae. In further ontogeny, it becomes increasingly
concave laterally.

The septomaxilla (Fig. 11) is a small, rounded triangular
bone which is found in skulls beyond 50 mm length (e.g.,
MB.Am.193, MB.Am.227, MB.Am.138, MB.Am.117). In
most specimens it is poorly preserved or is absent. The
septomaxilla borders the external naris posteriorly and pos-
sesses a concave anterior margin. It sutures with the nasal and
maxillary bones. The exposed part of the septomaxilla exhibits
dermal sculpture like the adjacent bones of the dermal skull
roof. It reaches further posteriorly on the ventral side of the

Figure 2 Archegosaurus decheni. Reconstruction of a small larval skull (sl circa 25 mm) based on a wax model,
mainly after SMF A 71 and GMBS P/497: (a) dermal skull roof in dorsal view; (b) palate, the parasphenoid is
supplemented after MB.Am.222; (c) lateral view of the skull, mandible reconstructed after MB.Am.134.
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dermal skull roof than on the dorsal side, as is indicated in
MB.Am.193. This morphology is also known in Eryops
(Panchen 1967). The septomaxilla is broken off the dermal
skull roof in MB.Am.227 and is somewhat displaced in
MB.Am.117. This is also the case in several other temno-
spondyls (Schoch 2001) and may indicate a weak connection to
the adjacent bones. A small portion of roughened bone is
visible ventral to the posterior margin of the naris in
MB.Am.138. This structure represents a ventral process of the
septomaxilla.

The lacrimal possesses a rhomboidal shape in small larvae.
It exhibits distinct proportional elongation and narrowing
during size increase of the skull. It constitutes almost 60% of
the preorbital length in the largest skulls. The lacrimal is
excluded from the orbital margin by a prefrontal–jugal con-
tact, and there is no contact between lacrimal and naris or
septomaxilla because of a broad suture between the nasal and
the maxilla. As also remarked by Boy & Sues (2000), no
nasolacrimal duct (ductus nasolacrimalis) can be determined in
any size stage. A lacrimal of comparable proportional length in

Figure 3 Archegosaurus decheni. Reconstruction of a larval skull (sl circa 90 mm): (a) dermal skull roof in dorsal
view, based mainly on MB.Am.317 and 121; (b) palate, based on MB.Am.121, 236, 194, and 317; (c) lateral view
of the skull, based on IGS U II 1/2.
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adult skulls is only present in the archegosaurid Collidosuchus
(Gubin 1986).

The nasal is an elongated rectangular bone that occupies
most of the snout area. It elongates proportionally with
increasing skull length. The ratio of length to width of single
nasal bones is approximately 2:1 in small individuals, and 7:1
in the largest ones. The nasal reaches its maximum width
anterior to the tip of the lacrimal. As in most other rostrum-
bearing stereospondylomorphs, the nasal contributes greatly
to preorbital length. Exceptions are Collidosuchus, in which it
is distinctly shorter than the frontal (Gubin 1986), and many
lonchorhynchine trematosaurs in which the premaxillae are the
most elongate bones (Schoch & Milner 2000).

The frontal is an elongate rectangular bone whose length
increases only slightly during growth relative to its width. It
reaches its maximum width in its centre, anterior to the orbits.
The maximum width of the frontals is slightly narrower than
that of the nasals in most skulls. In small individuals, the
frontal is longer than the nasal. These two bones have approxi-

mately the same length in skulls beyond 80 mm in length, and
the nasal is longer than the frontal in most of the largest skulls.

The prefrontal is a narrow triangular bone that undergoes
considerable proportional elongation during size increase of
the skull. It tapers anteriorly to terminate near the anterior
border of the frontals. The postfrontal forms the main part of
the median border of the orbit. A narrow anterior process of
this bone sutures with the prefrontal anteromedial to the orbit
and excludes the frontal from the orbital margin. The postor-
bital has a rhombic shape and is proportionally short as
compared to plesiomorphic stereospondylomorphs such as
Capetus (Sequeira & Milner 1993) and Sclerocephalus (Boy
1988).

A characteristic element in the skull roof of A. decheni is the
jugal. The part lateral to the orbit is distinctly narrower than in
plesiomorphic stereospondylomorphs like Sclerocephalus and
Cheliderpeton (Boy 1993b). The jugal width lateral to the
middle of the orbit is smaller than half the orbital width in all
size stages of A. decheni; in the smallest known skulls it is

Figure 4 Archegosaurus decheni. Reconstruction of an early adult skull (sl circa 220 mm): (a) dermal skull roof in
dorsal view, outline of skull reconstructed after MB.Am.953, the cranial sutures are based on MB.Am.117; (b)
palate with mandible, basibranchial, and exoccipital, based on MB.Am.953.
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smaller than one third the orbital width. The jugal reaches its
maximum depth in its postorbital part, in which it forms the
anterior portion of the cheek region. According to Gubin
(1997), the jugal sends out a ventral alary process on the palate
posterior to the ectopterygoid. No specimen of the investigated
size series shows this structure. Only the palate of MB.Am.121
might exhibit an insula jugalis. However, this cannot be
determined with certainty because preservation in this part is
poor.

The slender, rectangular supratemporal forms a small por-
tion of the dorsomedial border of the squamosal embayment.
It establishes a long suture with the squamosal. The parietal is
of elongated rectangular shape. It narrows anteriorly nearby
the pineal opening and forms a concave anterolateral border
with the postfrontal. It is shorter than the frontal in all known
size stages. In smaller specimens, it is distinctly broader than
the frontal. It becomes proportionally narrower in larger skulls
so that it attains approximately the same width as the frontal.

Postparietal and tabular bones possess a concave posterior
margin, except in the smaller specimens (Fig. 2). During

increase of skull length, the concavity is strengthened. A
distinct occipital lamella (Fig. 5) is present on the posterior
margin of the skull table for insertion of the epaxial muscula-
ture. The tabular forms a ‘horn’ that grows posteriorly with
positive allometry. The lateral margin of the tabular is slightly
convex. A tapering, narrow tabular extension is present which
is directed posteroventrally (see section 4.6.3, Fig. 16).

The squamosal is of rhombic shape and forms the anterior
and lateral margin of the squamosal embayment. The quadra-
tojugal is a stout bone which narrows anteriorly and forms a
very short suture with the posterior end of the maxilla. A
paraquadrate opening (foramen paraquadratum) cannot be
determined in the investigated skulls.

4.3. Sutures of the dermal skull roof
As in many temnospondyls, the sutures between the dermal
skull roofing bones are more strongly interdigitated in large
specimens than in small ones. In the smallest known specimens
of A. decheni, the sutures are relatively straight. The inter-
digitation of longitudinal as well as of transverse sutures

Figure 5 Archegosaurus decheni. Reconstruction of an adult skull (sl circa 280 mm): (a) dermal skull roof in dorsal
view, based on MB.Am.116; (b) palate, based on MB.Am.116.
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increases quickly during increase of skull length, especially in
the postorbital skull region. The interparietal suture is strongly
interdigitated with a distinct zigzag-suture immediately
posterior to the pineal opening. This can be recognised
especially in large skulls but is foreshadowed in the smaller
ones. Frontals, nasals, and premaxillae show interdigitating
median sutures, with the median suture between the pre-

maxillae forming a distinct zigzag. In contrast, the maxillary–
jugal, maxillary–lacrimal and lacrimal–prefrontal sutures are
almost straight, even in the largest skulls. The transverse
sutures of the bones of the median series (premaxilla, nasal,
frontal, parietal, postparietal) may show individual variation.
An example is MB.Am.117 (sl=207 mm), in which the suture
between frontal and nasal is extremely interdigitated.

Figure 6 Larval skulls of Archegosaurus decheni: (a) MB.Am.134 (sl=18 mm); (b) BMNH-42755 (plaster cast,
sl=31 mm).

Figure 7 Archegosaurus decheni. MB.Am.134 (sl=18 mm), this complete skeleton is the smallest known specimen.

CRANIAL MORPHOLOGY OF ARCHEGOSAURUS DECHENI 139

https://doi.org/10.1017/S0263593300001279 Published online by Cambridge University Press

https://doi.org/10.1017/S0263593300001279


4.4. Ontogenetic changes in dermal sculpture
In the smallest specimens, pits are located in the ossification
centres of the dorsal sides of the dermal skull roofing bones.
Fine grooves radiate from the centres through the otherwise
smooth bone surface (e.g., MB.Am.134, sl=18 mm, Fig. 6a;
MB.Am.222b, sl=30 mm, Fig. 12a). This type of sculpture is
considered a larval characteristic in Sclerocephalus haeuseri
(Boy 1988) and several other temnospondyls (Boy & Sues
2000).

At a skull length of around 50 mm, the radial grooves have
become slightly deeper and broader, and the pits in the
ossification centres have become larger on the preorbital skull.
The sculpture, however, is still weak and mostly radially
oriented. On the postorbital skull table, the sculpture is
advanced compared to the preorbital part. Ridges form a
polygonal sculpture on the entire tabular, on the postparietal
at least in its centre (incomplete preservation), in the centre
and posterior part of the supratemporal, and to a lesser degree

in the centres of squamosal, postorbital, quadratojugal, and
jugal bones. The largest parts of these bones, surrounding their
centres, consist of radial furrows which are slightly deeper
and broader than in smaller skulls (e.g., MB.Am.221b,
sl=51 mm, Fig. 12b; MB.Am.179, sl=53 mm). This pattern of
sculpture has been characterised as early metamorphic in many
temnospondyls (Boy & Sues 2000).

In skulls of approximately 80 mm length, the sculpture is
clearly more expressed (visible in MB.Am.227b, sl circa
84 mm, Fig. 13a). The ridges are proportionally stronger than
in smaller skulls and form broader, deeper and more regular
polygons and furrows. The centres of the bones consisting of
polygonal sculpture are enlarged. On the nasal, the polygonal
sculpture is still restricted to a small area in its centre. Boy &
Sues (2000) described this stage of sculpture in temnospondyls
as late metamorphic. In skulls beyond 100 mm in length, the
regions with polygonal sculpture are expanded and the poly-
gons are formed more regularly (e.g., MB.Am.235, sl circa
125 mm, Fig. 13b), a pattern which was characterised as adult
in temnospondyls (Boy & Sues 2000).

During further growth, polygonal sculpture develops slowly
on the bones of the preorbital skull roof. For example, only a
small area of polygonal sculpture is present on the nasal in
MB.Am.138 (sl=144 mm). Regions of elongated furrows and
ridges are present anterior and posterior to this area. Such
ridges and furrows can also be seen on the anterior part of
the prefrontal and the anterior and posterior region of the
lacrimal.

In skulls beyond 200 mm length (e.g., MB.Am.117,
sl=207 mm, Fig. 14a; MB.Am.116, sl=279 mm, Fig. 14b), the
regions of polygonal sculpture are greatly expanded even on
the preorbital skull roof bones. Elongated furrows and ridges
are restricted to small areas, being most conspicuous on
the anterior part of the quadratojugal, the posterior part of the
jugal, and the posterolateral part of the squamosal. In
the slightly depressed region anteromedial to the orbits, the
sculpture is less intensive.

4.5. Lateral line sulci of the dermal skull roof
The lateral line system in A. decheni does not consist of
continuous furrows, but of single oval or long-oval depressions
on the dorsal side of the dermal skull roof and the labial side
of the mandible. The course of the lateral line system of the
skull roof is shown in Figures 12–15.

Figure 8 Archegosaurus decheni. Posterior region of skull in lateral view (sl circa 115 mm), showing details of
palate, neurocranium, and stapes.

Figure 9 Archegosaurus decheni. MB.Am.220a (sl=32 mm), larval skull
in ventral view.
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4.5.1. Development. MB.Am.222b (sl=30 mm, Fig. 12a) is
the smallest specimen in which lateral line sulci are visible, with
a weak furrow detectable on the postorbital. In general, the
sulci become deeper and broader in larger skulls. They
consist of narrower but longer grooves in smaller individuals

as compared to large skulls. The most distinct sulci are
located in the ossification centre of the frontal, on the post-
frontal (supraorbital sulcus), and the postorbital and the
posterior jugal (infraorbital sulcus), in medium-sized and large
skulls.

Figure 10 Skulls of Archegosaurus decheni: (a) MB.Am.138b (sl=144 mm), late larval skull, natural mould of the
dermal skull roof; (b) MB.Am.139a (sl=242 mm), adult skull in dorsal view.

Figure 11 Archegosaurus decheni. Septomaxilla, anterior is left: (a) MB.Am.193 (sl=54 mm), in ventral view; (b)
MB.Am.138 (sl=144 mm), latex cast in dorsal view, the ventral process of the septomaxilla is visible in the narial
opening.
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4.5.2. Variation. The course of the lateral line sulci
exhibits individual variation in A. decheni. The supraorbital

sulcus runs on the median part of the lacrimal instead of the
anterior part of the prefrontal on the right side of MB.Am.227

Figure 12 Archegosaurus decheni. Development of dermal sculpture. Skulls in dorsal view: (a) MB.Am.222
(sl=30 mm); (b) MB.Am.221 (sl=51 mm).

Figure 13 Archegosaurus decheni. Development of dermal sculpture. Skulls in dorsal view: (a) MB.Am.227 (sl
circa 84 mm); (b) MB.Am.235 (sl circa 125 mm).
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(sl circa 84 mm, Fig. 13a). This resembles the situation in many
stereospondyls, in which the supraorbital sulcus also trans-
verses a part of the lacrimal, e.g. Rhinesuchus (Watson 1962),
Benthosuchus, Metoposaurus, Cyclotosaurus, Trematosaurus
(Bystrow 1935), and Mastodonsaurus (Schoch 1999).

MB.Am.221 (sl=51 mm, Fig. 12b) exhibits a peculiar struc-
ture on the left lacrimal. Posterior to its ossification centre, the
sulcus branches off in two parts. It is implausible that this
structure represents the nasolacrimal duct because its posterior
ends are not directed towards the orbit, but distinctly lateral to
it. It represents the anterior part of the infraorbital sulcus that
shows an aberrant branching. Similar individual branching of
lateral lines is also known in trematosaurids (R. R. Schoch,
pers. comm. 2002).

In MB.Am.117, a second depression is visible on the squa-
mosal lateral to the anterior part of the jugal sulcus. It is less
deep but broader than the regular lateral lines and is crossed
by radial ridges and grooves of the dermal sculpture. It is not
clear if this structure represents a part of the lateral line system.

4.6. The ventral side of the dermal skull roof
4.6.1. Orbitotemporal crest and capsular crest. The orbital

crest (crista orbitotemporalis) and the capsular crest (crista
capsularis) are well developed in all skulls independent of their
size (Fig. 16). Pfannenstiel (1932) was the first to mention the
orbitotemporal crest (Parietalleiste, Taenia marginalis) in

A. decheni and illustrated the part on the ventral side of the
parietal, while Gubin (1997) described the course of the
orbitotemporal and capsular crest. In contrast to Gubin’s
description, the orbitotemporal crest starts anteriorly on the
posterior part of the lacrimal and continues on the prefrontal
in the investigated specimens (MB.Am.180, MB.Am.171,
MB.Am.986, GMBS P/828). As described by Gubin, it subse-
quently runs on the postfrontal and curves medially on the
parietal towards the pineal opening, which it encircles. In this
region, the crest is most pronounced. It courses towards the
postparietal posterior to the pineal opening, bends sharply in
an anterolateral direction and merges with the capsular crest.
In contrast to Gubin’s description, this curvature is actually
located not anterior, but posterior to the suture between
parietal and postparietal (MB.Am.233, MB.Am.117a,
MB.Am.156, MB.Am.986, GMBS P/494a). Then the capsular
crest runs via the supratemporal to the fossa paroccipitalis of
the tabular (see section 4.6.3). Posterior to the pineal opening,
the crest becomes flatter and broader.

As interpreted by Wilson (1941) for the stereospondyl
Buettneria, the described crests reflect the outline of the
braincase. The orbitotemporal crest probably served for
attachment of the dorsolateral parts of the sphenethmoid and
the sella turcica region. This is indicated by a fragment of the
posterior part of the sphenethmoid bone that is attached to
the medial margin of this crest in GMBS P/494a. However, the

Figure 14 Archegosaurus decheni. Development of dermal sculpture. Skulls in dorsal view: (a) MB.Am.117
(sl=207 mm); (b) MB.Am.116 (sl=279 mm, neotype).
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distance between the left and right crest in the region between
and anterior to the orbits is larger than the width of the
sphenethmoid bone as indicated in MB.Am.116. This suggests
a lateral continuation of the sphenethmoid in cartilage.
Judging by the outline of the capsular crest, it probably served
for attachment of the otic ossification and its cartilaginous
extension.

4.6.2. Narial region. A broad and shallow depression
medial and posterior to the narial opening extends parallel to
the longitudinal axis of the skull (MB.Am.150, MB.Am.174,
GPIT/Am/20). It begins shortly anterior to the narial opening
and extends medially, so that the median half of the naris lies
in this depression. The depression continues posterior to the
narial opening in the region of the nasal-maxillary boundary
and the anterior tip of the lacrimal; then it narrows, flattens
and finally disappears. Depressions are also visible on the
ventral surface of the skull roof in Tersomius posteromedial to
the naris on the nasal, lacrimal and prefrontal (Carroll 1964);
in Eryops posterior to the naris on the nasal, lacrimal and
maxilla (Sawin 1941); as well as in Buettneria perfecta posterior

to the naris on the nasals (Wilson 1941). These round depres-
sions are interpreted as locations of the cartilaginous nasal
capsule. According to its shape in A. decheni, the capsule was
rather small and proportionally elongate and narrow.

4.6.3. Squamosal, postparietal, and tabular. In small
skulls, the descending lamina (lamina descendens) of the
squamosal is visible along the lateral margin of the squamosal
embayment (Fig. 12). This lamina is more conspicuous in
larger skulls. It was connected with the ascending lamina
(lamina ascendens) of the pterygoid in the living animal.

The ventrally directed supraoccipital process of the post-
parietal is visible for the first time in a specimen of 67 mm
skull length (MB.Am.204). In larger specimens (MB.Am.228;
MB.Am.233; MB.Am.138a; MB.Am.117), it is more conspicu-
ous and resembles the Greek letter � (Fig. 16). It sutured with
the vertical column of the exoccipital (Fig. 28).

No ossified paroccipital process is present on the ventral
side of the tabular in small and middle-sized skulls. Instead,
there is a quite distinct depression (fossa paroccipitalis,
Fig. 16), which extends almost parallel to the lateral margin of
the tabular (MB.Am.204, sl=67 mm; MB.Am.233, sl=

Figure 15 Archegosaurus decheni. Reconstruction of the lateral line
sulci of the dermal skull roof. Based on several specimens.

Figure 16 Archegosaurus decheni. Reconstruction of the ventral side of
the dermal skull roof of a juvenile specimen showing the orbitotempral
and paroccipital crests, the tabular extension, the supraoccipital pro-
cess, and the paroccipital fossae. The paroccipital process of the
tabular is ossified only in adult specimens. Based on several specimens.
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127 mm), comparable to the morphology in Dvinosaurus
(Shishkin 1973, p. 34, fig. 6). The paroccipital process of the
exoccipital was housed in this fossa. The capsular crest runs
lateral to the fossa paroccipitalis. An ossified paroccipital
process formed by the tabular is present in skulls beyond about
200 mm length (Fig. 28).

The tabular extension is visible in MB.Am.138a
(sl=145 mm). It starts on the ventral side of the tabular horn
as a flattened crest that courses medial to the fossa paroccipi-
talis to the tip of the tabular horn (Fig. 16). Thereby the depth
of the crest increases rapidly. It has reached its maximum
depth and width below the tip of the tabular horn. It continues
posterior to the tabular horn in a posteroventral direction.
Finally, it becomes narrower again and bends sharply in a
posteromedial direction. GMBS P/403 (sl=41 mm) is the
smallest specimen in which a tabular extension is visible.

5. The palate

The following description of the palate is mostly based on
large specimens because they show the most details. It is
supplemented by the description of middle-sized and small
specimens to document ontogenetic alteration.

5.1. Palatal openings
The length of the interpterygoid vacuities measures slightly
more than one third of the skull length in the largest skulls,
approximately 40% in medium-sized, and almost half the skull
length in small specimens. These differences result from the
proportional elongation of the snout during size increase of the
skull. The interpterygoid vacuities are framed laterally and
posterolaterally by the pterygoids, anteriorly by the vomers
and posteriorly and medially by the parasphenoid.

The choanae are extremely elongated and account for more
than 20% of the skull length in adults (Fig. 5b). Their lateral
margin is concave, corresponding to the margin of the snout.
They are more than 4 times longer than the external nares and
lie behind the posterior narial margins. The choanae are
framed anteriorly and medially by the vomer, posteriorly by
the palatine and laterally by the maxilla. In medium-sized
specimens (skull lengths 80–150 mm), the choana is already
elongated, though it is proportionally shorter than in large
skulls (Fig. 18b). In GMBS P/497 (sl=24 mm; Fig. 20b), the
choanal margin is poorly preserved; nevertheless, its length can
be estimated as approximately 10% of the skull length.

The subtemporal fenestrae are bordered medially by the
pterygoid, posteriorly by the quadrate and laterally by the
quadratojugal. There is no unambiguous evidence of an insula
jugalis sensu Gubin (1997) that excludes the ectopterygoid
from the subtemporal fenestra.

5.2. The bones of the palate
5.2.1. Premaxilla. A shelf of the premaxilla (lamina

palatina) forms the anterior part of the palate (Fig. 17). A
reniform to oval depression, the anterior palatal fossa, is
situated anterolaterally on each premaxilla. Its longitudinal
axis is directed anteromedially. The fossa itself possesses three
roundish depressions; a larger one is situated between two
smaller ones in MB.Am.116. Probably they admitted the teeth
of the symphysis of the lower jaw when the mouth was closed.
A nearly triangular elevation situated medial to the fossae has
a roughened surface with transverse striae. This structure,
situated on the shelf of the premaxilla, is the ‘tuberculum
subrostrale medium’ (Gubin 1986) or ‘premaxillary tubercle’
(Holmes 2000). Gubin (1986, p. 73), who described a very
similar structure in the archegosaurid Collidosuchus, presumed

that it ‘served as a shock absorber in closing of the mouth’.
The premaxilla sutures posteriorly with the maxilla and vomer.
The vomers extend far anterior between the premaxillae.
The premaxilla is excluded from the choanal margin by
maxillary-vomer contact anterior to the choana.

5.2.2. Vomer. The vomers grow with distinct positive
allometry. In adults, they are distinctly elongate and narrow,
measuring almost half the length of the skull. In medium-sized
skulls (80–150 mm skull length), the length of the vomers
accounts for less than 40% of the skull length, corresponding
to the lesser elongation of the snout. They measure only 25%
of the skull length in the smallest known larvae. An elevated
strip of bone bearing teeth and denticles begins anteromedial
to the choana and extends posteriorly parallel to the medial
choanal margin at least in large and medium-sized skulls
(Fig. 17, 18b). On its widest part, the elevation bears a large
tusk with appropriate, anteromedially located replacement pit.
Apart from these teeth, the elevation is covered densely by
denticles.

The vomers are bordered anterolaterally by the premaxilla
and have a short posterolateral contact with the maxilla. They
form the anterior and medial border of the choana. The vomer
borders the palatine posterior to the choana and forms a
posterolateral connection with the pterygoid. Each vomer
forms a posteriorly directed, short, pointed process (para-
sphenoidal process) on its posterior margin. The anterior part
of the cultriform process extends between these processes.
Posterior to the vomerine tusks, the surface of the vomer is
covered by scattered denticles.

The dorsal surface of the vomer (Fig. 18a) is smooth, and
the torus parachoanalis is well developed. This torus is a dorsal
bulge that borders the choana medially and probably strength-
ens the region of the vomerine tusks. The parasphenoidal
sulcus is located in the dorsal midline of the vomers and
receives the anterior portion of the cultriform process
(Fig. 18a).

5.2.3. Maxilla. The maxilla contacts the premaxilla a
short distance anterior to the choana. Its maximum width is
lateral to the posterior part of the choana in large skulls. It
narrows posteriorly before it borders with the quadratojugal
by a posteromedially directed suture. The maxilla forms the
lateral border of the choana. Posterior to the choana, it
borders medially with palatine and ectopterygoid.

5.2.4. Palatine. The palatine is slender and forms the
posterior choanal margin. In large skulls, its anterior part is
toothless, the anteriormost tooth being a tusk with adjacent
tooth pit. It is the largest tooth in the skull. In contrast, the
large palatine tusk is situated proportionally much closer to
the posterior margin of the choana in small and medium-sized
skulls (Fig. 18b). The palatine is broadened in the region of
tusk and pit. In rare cases, two tusks can be present simulta-
neously on the palatine. There is space for 6–8 teeth posterior
to the tusks. These teeth are slightly larger than the adjacent
maxillary teeth in MB.Am.116. The exact number of palatine
teeth in other specimens cannot be determined because of poor
preservation. Apart from a questionable pit for the large
palatine tusk in the anterior part, no teeth are preserved on the
palatine in the smallest specimen (MB.Am.134, sl=18 mm,
Fig. 6a). However, the tooth row on the ectopterygoid (see
below) indicates that there was probably also a tooth row
present on the palatine. The palatine borders the vomer
medially for a short distance but is mostly bordered by the
pterygoid (GMBS P/426, MB.Am.116). It sutures posteriorly
with the ectopterygoid and laterally with the maxilla
(Fig. 17a).

5.2.5. Ectopterygoid. The ectopterygoid is also a slender
element and slightly shorter than the palatine. The anterior
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teeth of the ectopterygoid are slightly larger than the posterior
ones on the palatine and the adjacent ones on the maxilla
(Fig. 17a). The number of teeth cannot be unambiguously
determined, but there is space for at least 14 in MB.Am.116.
No tusks are present on the ectopterygoid. It sutures medially
with the pterygoid and laterally with the maxilla. The ecto-
pterygoid possesses a continuous row of teeth also in the
smallest available specimen (MB.Am.134, sl=18 mm, Fig. 6a),
although the number of teeth cannot be determined.

5.2.6. Pterygoid. The pterygoid can be divided into three
discrete parts, the palatine ramus, the corpus, and the
quadrate ramus (Fig. 17a). The palatine ramus is elongated
and narrow compared to many other temnospondyls. At its
anterior end, it broadens distinctly and is connected with the
vomer. It is separated from the cultriform process by the
parasphenoidal process of the vomer (see section 5.2.2). The
palatine ramus is laterally connected with the palatine and
ectopterygoid. A furrow for the anterior, unossified portion
of the palatoquadrate is present near the medial margin on
the dorsal side of the palatine ramus. The corpus of the
pterygoid has a basicranial ramus that is shorter and sturdier

than in Sclerocephalus haeuseri (Boy 1988). In its propor-
tions, it resembles that of late juvenile Cheliderpeton latiros-
tre (Boy 1993b). A cavity in the basicranial ramus can
neither be excluded nor identified because of poor preserva-
tion. On the dorsal side, the corpus of the pterygoid and the
posterior part of the palatine ramus is strengthened by the
torus marginalis on the margin of the interpterygoid vacuity.
The conical recess, that holds the basipterygoid process of
the basisphenoid, is clearly visible in a large skull (SMF
A35b) at the base of the ascending lamina of the pterygoid
(Fig. 26b). A transverse flange (Fig. 17a) of the pterygoid is
developed in large and middle-sized specimens, whereas it is
only slightly developed in skulls smaller than about 70 mm in
length. The posterolaterally directed quadrate ramus is dis-
tinctly smaller than the palatine ramus and overlaps the
median part of the quadrate. The quadrate ramus forms an
elevated ascending lamina (Fig. 17a).

The pterygoid, with the exception of the quadrate ramus, is
covered by denticles with posteriorly curved tips. On the
corpus of the pterygoid, the denticles are distinctly larger than
in the other regions of the pterygoid.

Figure 17 Archegosaurus decheni. Palates of large specimens: (a) Type A palate: MB.Am.116 (sl=279 mm,
neotype), ventral surface of premaxilla, vomer, and palatine are preserved as negative impression, parasphenoid
and pterygoid are preserved in dorsal view; (b) Type B palate: MB.Am.117 (sl=207 mm) in ventral view.
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5.2.7. Parasphenoid. The basal plate of the parasphenoid
is about as long as wide in large specimens (Fig. 5b). In its
overall shape, it broadens posteriorly. It is proportionally
broader in small specimens than in larger ones (e.g.,
MB.Am.140, sl=27·8 mm).

Anteriorly, the basal plate possesses an oval, slightly el-
evated area covered with denticles, which is best visible in
middle-sized and large skulls (Fig. 19a). This oval elevation is

also visible in the smallest specimen (MB.Am.134, sl=18 mm,
Fig. 6a), although no denticles are preserved. In one specimen
(MB.Am.155a, sl=134 mm), the denticles extend over the
whole ventral surface of the cultriform process. In the region of
the basicranial articulation, a distinct furrow for the internal
carotid artery (Gubin 1997) runs in anteromedial direction
posterolateral to the dentigerous area (Fig. 19a). In specimen
MB.Am.253b, a foramen is visible anterior to the furrow at the

Figure 18 Archegosaurus decheni. Palates: (a) GPIT/Am/20 (sl=181 mm) in dorsal view, two parasymphyseal
teeth are preserved on the left mandibular ramus; (b) MB.Am.155 (sl=134 mm, plaster cast) in ventral view.

Figure 19 Archegosaurus decheni. Basal plate of parasphenoid: (a) MB.Am.253 (sl circa 160 mm) in ventral view,
showing the furrow for the internal carotid artery and the entrance foramen for the intracranial branch of this
artery; (b) MB.Am.140 (sl=28 mm) in dorsal view with stapes.
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base of the cultriform process (Fig. 19a), representing the
entrance for the intracranial branch of the internal carotid,
comparable to the situation in the intasuchid Intasuchus silvi-
cola (Shishkin 1968) and the archegosaurid Platyoposaurus
(Gubin 1991). A round, shallow depression is situated in the
centre of the ventral surface of the basal plate (Figs 19a, 20a).
Shallow furrows and ridges radiate from this depression,
resembling the sculpture of the dermal skull roof (Fig. 19a).
Distinct paired muscular pockets for the insertion of the
hypaxial musculature are situated posterolateral to the central
depression (Fig. 4b). The ventrolateral crest runs anterolateral
to these pockets from the margin of the central depression in
posterolateral direction (Fig. 20a). The low and broad basioc-
cipital crest extends between the muscular pockets from the
posterior margin of the basal plate to the central depression
(Figs 20a, 24a).

The transversely orientated parapterygoid crest (Figs 17a,
19b, 25b, 26, 27) is present on the anterior part of the dorsal
side of the basal plate of the parasphenoid (terminology after
Bystrow & Efremov 1940; synonym: crista parafenestralis,
Säve-Söderbergh 1936; Shishkin 1973). This crest broadens
laterally. The paroccipital crest runs posterolaterally on each
side, separated from the parapterygoid crest by the sulcus
intercristatus (Figs 19b, 26a). The fossa basioccipitalis is
situated between the left and right of the paroccipital crest
(Fig. 19b). On the dorsal side of the basal plate, a somewhat
narrower furrow is visible in about the same position as the
ventral furrow of the internal carotid artery on the ventral side
(Fig. 17a). It possibly carried the palatine nerve, comparable to
the situation in Benthosuchus sushkini (Shishkin 1968). A
foramen is visible in MB.Am.227 anterolateral to the ossified

socket of the basisphenoid (Fig. 26a). It possibly represents the
outlet foramen of the internal carotid artery.

The cultriform process is dorsally concave. It is only slightly
convex or even planar on the ventral side. The cultriform
process gets proportionally more slender during size increase
of the skull.

5.2.8 Palatal plates. In skulls beyond 50 mm length, ossi-
fied plates of irregular shape and size (Figs 8, 17) are frequently
found in the region of the interpterygoid vacuities. As observed
by Meyer (1858), they possess denticles on one side. They are
slightly curved posteriorly like the denticles on the vomer,
pterygoid and parasphenoid. Judging from their position, they
must have covered a canvas of skin that was present in the
interpterygoid vacuities. The denticles are of different size. The
largest are found in the region behind the orbits, i.e., in the
posterior part of the interpterygoid vacuities, such that an area
with larger denticles was present in the posterolateral part of
the palate together with the denticles of the corpus of the
pterygoid. Among archegosaurids, denticle-bearing palatal
plates have been reported also in Prionosuchus (Cox &
Hutchinson 1991).

5.3. Palatal dimorphism
Two different patterns of palatal dentition can be distin-
guished, here called type A and type B. Type A, represented by
specimens MB.Am.116 (Fig. 17a), MB.Am.138 (Fig. 18b) and
the vomer illustrated by Gubin (1997, p. 105, fig. 1b), possesses
the pattern that is described in section 5.2.2: no continuous
tooth row medial to the choana, but a tusk with an antero-
medially located tooth pit. Type B, represented by MB.Am.117
(Fig. 17b), MB.Am.155, MB.Am.136, as well as by a specimen

Figure 20 Archegosaurus decheni. Palates of small specimens: (a) SMNS 81994 (sl circa 65 mm) in ventral view
with basibranchial; (b) GMBS P/497 (sl circa 24 mm) in ventral view, this is the smallest known articulated palate
in A. decheni.
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illustrated by Hofker (1926, p. 115, figs 6, 7), possesses a
continuous row of middle-sized teeth medial to the choana.
This row may run either directly parallel to the choana,
or in anteromedial direction at an acute angle to the
choanal margin. Additional one or two middle-sized teeth are
present close to the intervomerine suture posteromedial to the
vomerine tusk. It is possible that the two different patterns of
vomerine dentition in A. decheni can be attributed to sexual
dimorphism. Unfortunately, a sufficient number of ade-
quately preserved specimens is not available to confirm this
assumption.

6. The lower jaw (mandible)

6.1. The mandible of adult specimens
The mandible of adult specimens will be described first
(Figs 21, 22). Its shape is elongated and low. The depth of the
symphysis is approximately one fifth of the maximum depth
of the mandible. In labial view the surangular crest is low
(Fig. 21a), and the retroarticular process formed by the
surangular is short. The angle of the jaw is approximately
135(.

6.1.1. Labial side. The dentary extends from the symphy-
sis approximately 4/5 of the mandible length. It sutures ven-
trally with the pre- and postsplenial and reaches its maximum
depth at mid length. The dentary ascends from this point at an
angle of circa 15(, suturing posteroventrally with the angular
and surangular. The dentary occupies the main part of the
anterior half of the labial side of the mandible.

The pre- and postsplenials are poorly preserved in most
cases, and the suture between is mostly not detectable. They
are elongated, narrow bones and form the ventral edge of the
anterior two thirds of the mandible. The presplenial partici-
pates with the dentary in the formation of the symphysis (see
section 6.1.3). The postsplenial is more than 1·5 times the
length of the presplenial.

The angular forms the posteroventral part of the lower jaw.
Dorsally, it sutures with the surangular, and sends out an
anterior process between the dentary and postsplenial. It forms
the ventral edge of the mandible at its deepest part.

The surangular forms the main part of the low surangular
crest, which is formed anteriorly by a small portion of coro-

noid III. Laterally, the surangular is overlapped by a narrow
posterior process of the dentary. The surangular of the largest
specimens is proportionally deeper in its posterior part than in
Sclerocephalus and Cheliderpeton (Boy 1988, 1993b). It cannot
be determined in the present material to which extent the
surangular participates in the jaw articulation.

The course of the lateral line sulci of the mandible is shown
in Figure 22. It corresponds with the situation seen in most
early tetrapods and temnospondyls.

6.1.2. Lingual side. The dentary forms the dorsal edge of
the lingual side and is shallow. Anteriorly, it becomes deeper
in the region of the symphysis (see section 6.1.3). It does not
participate posteriorly in the margin of the adductor fossa.
Medially, it sutures with the coronoids. Three narrow, long
coronoids are present. Coronoid I does not participate in the
formation of the symphysis. Coronoid III forms the anterior
and anterolateral margin of the adductor fossa. Denticles
present on all three coronoids can also be observed in
early tetrapods such as Acanthostega (Ahlberg & Clack
1998). This is also the case in the basal temnospondyl
Balanerpeton (Milner & Sequeira 1994), and, among stereo-
spondylomorphs, in Sclerocephalus (Schoch 2003), the
archegosaurid Platyoposaurus (Gubin 1991), and in many
stereospondyls (Schoch & Milner 2000). The stereospondylo-
morph Cheliderpeton (Boy 1993b) exhibits denticles only in
the posterior region of the coronoid row, probably on
coronoid III.

The splenials form the ventromedial margin of the anterior
lingual ramus of the mandible. The postsplenial is penetrated
by a comparatively large foramen in its anterior part, that is
also present in Eryops (Sawin 1941), Dvinosaurus (Shishkin
1973), Sclerocephalus, Onchiodon, and (smaller) in Chelider-
peton (Boy 1988, 1990, 1993b). According to Shishkin (1973),
it serves for the passage of the anterior mylohyoid artery. The
presplenial participates in formation of the symphysis (see
section 6.1.3.).

Similar to Cheliderpeton (Boy 1993b), the prearticular is
distinctly elongate and tapers in a narrow anterior process that
terminates between coronoid I and the presplenial. The lingual
wall of the adductor fossa is crushed in the investigated
specimens. An oval Meckelian fenestra can be determined in
the ventral part of this region (MB.Am.953).

Figure 21 Archegosaurus decheni. Reconstruction of the mandible of a large individual: (a) labial view; (b) lingual
view. Based on MB.Am.117 and MB.Am.258, supplemented after MB.Am.953. Two of the four parasymphyseal
teeth are shown in black.
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6.1.3. Symphysis. The symphysis is rarely preserved in A.
decheni. As Whittard (1928) recognised, it is formed by dentary
and presplenial (Fig. 21b). In the region of the symphysis, the
anterior part of the mandibular ramus broadens medially and
forms the symphyseal lamina. In contrast to the description of
Whittard, the dentary forms the dorsal part of the lamina. A
low crest that bears the symphyseal fangs is located on the
lamina medial to the marginal tooth row. Two bases of
dentary symphyseal fangs are visible in MB.Am.258, and two
fangs alternating with two tooth pits are present on each ramus
in GMBS P/635. Also two dentary symphyseal fangs are visible
in the posterior part of the symphyseal lamina of the left ramus
in GPIT/Am/20; there have probably been additional teeth in
the anterior part which is not adequately preserved (Fig. 18a).
The diameter of the bases of the dentary symphyseal fangs is
smaller than that of the adjacent marginal teeth. One symphy-
seal fang plus replacement pit on the dentary medial to the
marginal tooth row seems to be the plesiomorphic condition in
tetrapods (see Ahlberg & Clack 1998). Also among plesiomor-
phic stereospondylomorphs, two parasymphyseal tooth loci
are present in Cheliderpeton (Boy 1993b) and Melosaurus
(Golubev 1995). There are no more than two parasymphyseal
fangs in stereospondyls, although an additional arcade of small
teeth has been reported medial to the marginal teeth in
metoposaurids and Parotosuchus (Jupp & Warren 1986;
Warren & Davey 1992; Schoch & Milner 2000). The higher
number of parasymphyseal fang loci can be regarded as
autapomorphy of A. decheni.

6.1.4. Articular and retroarticular process. The articular is
preserved as a roughened bone anterior to the retroarticular
process in MB.Am.258a and MB.Am.117. MB.Am.258a
(ml=280 mm) is an internal cast of the posterior part of the
lower jaw; the articular is visible as a hollow with remnants of
bone. It is wedge-shaped in lateral view, with the tip directed
ventrally. Its dorsal surface (articulation surface) is not pre-

served. The retroarticular process is very short and formed by
the surangular alone.

6.2. Ontogeny of the mandible
The mandible is preserved in labial view in the smallest known
specimen with a skull length of 18 mm (MB.Am.134, Fig. 23).
It is somewhat sturdier and proportionally less elongated than
in large specimens. The surangular crest is proportionally
lower and only slightly elevated above the dentary. Coronoid
III may not participate in the surangular process; this can be
proven only in specimens beyond 50 mm skull length. The
posterior process of the dentary is shorter and blunter than in
larger specimens. Only the posterior part of the postsplenial
can be identified; further anterior, no sutures can be traced.

During further ontogeny, the postsplenial becomes longer
with respect to the presplenial, but the retroarticular process
barely increases proportionally in length. At a skull length of
206 mm, the articular is ossified, but it probably ossified much
earlier in ontogeny.

7. Marginal dentition

7.1. Teeth of the upper jaw
The tooth-bearing bones of the upper jaw are the premaxilla
and maxilla. The dentition in the largest specimens will be
described first. Morphology of single teeth in A. decheni has
been described by Goldfuss (1847) and Meyer (1858). In
general, marginal teeth are pointed conical, round in cross-
section at their bases, and slightly curved lingually. The
dentine is infolded. The upper jaw provides space for approxi-
mately 70 teeth (Fig. 5). The premaxilla bears 12–13 teeth.
Premaxillary teeth increase in size from rostral to abrostral, so
that the largest marginal teeth of the upper jaw are situated

Figure 22 Archegosaurus decheni. Sculpture of mandible in labial view: (a) MB.Am.117b (sl=207 mm); (b)
MB.Am.258b (sl circa 250 mm).

Figure 23 Archegosaurus decheni. Reconstruction of the mandible of the smallest specimen in labial view
(MB.Am.134, sl=18 mm).
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anterior to the suture between premaxilla and maxilla, where
the premaxilla is broadened. The maxilla bears approximately
55 teeth. Maxillary teeth No. 2–10 are distinctly smaller than
the large premaxillary teeth and the first maxillary tooth in
MB.Am.116. The following six maxillary teeth are again
larger, and the tooth-bearing part of the bone is broader. The
large tusk of the vomer is situated nearby the ‘gap’ that is
formed by the smaller teeth on the anterior part of the maxilla.
The subsequent teeth decrease constantly in size. Overall, the
teeth of premaxilla and maxilla exhibit a size differentiation
with two zones of smaller teeth (Fig. 3c).

7.2. Teeth of the lower jaw
Tooth-bearing elements are the dentary and coronoids I–III.
Four large tooth loci are present posterior to the marginal
teeth in the symphyseal region. The dentary has space for
approximately 65–70 marginal teeth (Fig. 21). Beginning
anteriorly, there are 2–3 smaller (or medium-sized) teeth,
followed abrostrally by 2–3 very large teeth. Abrostrally, 6–7
quite small teeth are situated, followed posteriorly by 6–7
larger teeth. The subsequent teeth decrease constantly in size.
Thus, quite small teeth are located on the dentary, opposed to
the large premaxillary teeth, and large dentary teeth are
opposed to smaller anterior maxillary teeth.

Whittard (1928) illustrated two symphyseal teeth on the
presplenial. These teeth have to be assigned to the symphyseal
lamina of the dentary according to the specimens investigated
here (see section 6.1.3). The coronoids I-III bear no larger
teeth, but many small denticles.

7.3. Ontogeny of dentition
7.3.1. Differentiation of size. The marginal teeth are not as

differentiated in small larvae (Fig. 2). From rostral to abros-
tral, the size of the teeth decreases more or less constantly.
Slight differentiation is first seen in a specimen of 38 mm skull
length (MB.Am.218). Here the anterior maxillary teeth are
smaller as compared to the premaxillary teeth and also as
compared to the posterior ones. The opposing dentary teeth
are larger than the maxillary teeth. The differentiation is
distinct in skulls beyond 60 mm in length.

7.3.2. Infolding of dentine. All marginal teeth possess a
smooth surface in the smallest larvae, no infolding is visible in
cross-sections, and the pulp cavity is proportionally large.
These features are typical of the teeth of small temnospondyl
larvae (Bystrow 1938; Boy & Sues 2000). A first infolding of
dentine, suggested by slight longitudinal striae in A. decheni,
appears in the basal region of the large premaxillary teeth with
a diameter of approximately 0·2 mm in MB.Am.140
(sl=28 mm). The other teeth retain their smooth surface. The
striae are still poorly developed at a skull length of about
40 mm, but they are visible on the remaining teeth. A tooth in
cross-section was described and illustrated by Goldfuss (1847),
Burmeister (1850), and Meyer (1858). The infolding remains
simple even in adults. The largest specimen of A. decheni in
which tooth bases are well visible in cross section has a skull
length of more than 210 mm (MB.Am.136). The base of the
largest tooth measures more than 5 mm in diameter. Its pulp
cavity is comparatively large, the primary folds are not folded
secondarily, and there are no secondary cavities. Teeth of
juvenile Benthosuchus (diameter slightly less than 4 mm;
Bystrow & Efremov 1940) and Metoposaurus (diameter of
about 5 mm; Warren & Davey 1992), for instance, exhibit a
proportionally very constricted pulp cavity and the infolding
of dentine is complex. This shows that the degree of infolding
is not always a degree of the tooth size, as already pointed out
by Warren & Davey (1992).

7.3.3. Number of teeth. The number of teeth in the upper
as well as in the lower jaw increases with the proportional
elongation of the snout during growth. It is, however, particu-
larly difficult to determine the number of teeth in the smallest
specimens. The dentary of the smallest larva has an estimated
space for approximately 45–50 teeth. In MB.Am.220
(sl=32 mm), the complete upper jaw has space for approxi-
mately 60–65 teeth, whereas MB.Am.236 (sl=82 mm) has
approximately 70 teeth in the upper jaw.

8. Ontogeny of endocranial ossifications
(neurocranium and palatoquadratum)

8.1. The exoccipital
Both exoccipitals are visible from their ventral side posterior to
the basal plate of the parasphenoid in a specimen of 53 mm
skull length (BSM 1869 III 6, Fig. 24a). In MB.Am.225
(sl=70 mm, Fig. 24b) and NNM 39072 (sl=96 mm), the exoc-
cipitals are medially constricted with a flattened, vertically
oriented process. This process may represent the processus
lamellosus sensu Bystrow & Efremov (1940). In IGS U II 1/2
(sl>90 mm), the exoccipital possesses the constricted shape
described above, but the flattened process is not visible
(Fig. 31b). The paroccipital process of the exoccipital is first
visible in a skull of 181 mm length (GPIT/Am/20).

The exoccipital is better ossified in specimens with a skull
length beyond 200 mm. The following description is based
on MB.Am.237b (sl=220 mm, Fig. 25), NNM39040 (sl=
195 mm), SMF A 35b (sl circa 200 mm, Fig. 26b), MB.Am.953
(sl=226 mm), and PIMUZ A/II 0061 (sl=236 mm). The verti-
cal column of the exoccipital sends out a slender dorsal process
which sutures with the supraoccipital process of the post-
parietal (Fig. 28). The paroccipital process extends in a dorso-
lateral direction towards the tabular. It sutures with the
corresponding paroccipital process of the tabular (this process
is visible in skulls beyond 200 mm length, see section 4.6.3) and
forms the ventral, slightly concave border of the posttemporal
fenestra (Fig. 28). A deepening on the posterolateral side of the
left vertical column indicates the vagus foramen (for the nerves
IX – XI, Fig. 25a). Medial to the vertical column, the antero-
medially directed, ventrally situated submedullar process is
visible and has an almost horizontal dorsal surface. The
occipital condyle is posterior to the ventral half of the vertical
column. The whole occipital condyles are paired, and the
basioccipital participates only to minor degree. The surface of
the occipital condyle is roughened, indicating a coverage of
cartilage in life.

8.2. The basioccipital
A trace of the basioccipital is first visible in a specimen of
approximately 84 mm skull length (MB.Am.227, Fig. 26a). It
is a wedge-shaped, roughened area on the posteromedial,
dorsal surface of the basal plate of the parasphenoid.

Again, the basioccipital is best visible in skulls beyond
200 mm in length (MB.Am.237, Fig. 25; SMF A35b, Fig. 26b).
This wedge-shaped bone extends between the exoccipitals and
otic ossifications and reaches anterior almost to the region of
the basicranial articulation. An antero-posteriorly directed
strip with a distinctly roughened surface is visible in the
median part of the otherwise smooth and flat basioccipital in
SMF A35b (Fig. 26b). The basioccipital is overlapped in its
posterolateral part by the submedullar process of the exoccipi-
tal (Fig. 25), as in the archegosaurid Platyoposaurus (Efremov
1933). The basioccipital becomes slightly narrower dorsally
(Fig. 28). The dorsal surface is concave in this part, probably
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for accommodation of the notochord; this dorsal depression
extends anteriorly to the region of the anterior margin of the
submedullar processes.

8.3. The otic region
The dorsal surface of the basal plate of the parasphenoid is
distinctly roughened and slightly elevated in the posterolateral
part of the paroccipital crest in SMF A3 (sl=144 mm), as
ossification of the otic region has just started in skulls of this
size. The otics, however, are rarely visible, and they are poorly
preserved or absent in the large specimens as well. A partially
preserved bone is present in the otic region in MB.Am.116
(sl=279 mm, Fig. 17a) on the lateral part of the dorsal side of
the basal plate, posterior to the parapterygoid crest. It is
posteriorly connected with the exoccipital and medially con-

nected with the basioccipital. It represents the ventral and
lateral part of the opisthotic. Anteriorly, the bone continues as
a narrow process that extends over the parapterygoid crest
in direction to the basipterygoid process. This part can be
interpreted as the prootic. The material is too poorly preserved
to ascertain if a suture is present between the opisthotic and
the possible prootic.

The dorsal side of the opisthotic is irregular and roughened
in MB.Am.237a (sl=220 mm; Fig. 27b), SMF A35b (sl circa
200 mm; Fig. 26b), and MB.Am.136a (sl=211 mm; Fig. 27a).
An ascending process of the otic as in Eryops (Sawin 1941) is
not preserved in these skulls. The oval fenestra is not detect-
able, and the prootic is not preserved. In MB.Am.953
(sl=226 mm), the opisthotic is a deep element that possesses an
ascending process which probably reached the dermal skull

Figure 24 Archegosaurus decheni. Exoccipitals: (a) BSM 1869 III 6 (sl=53 mm), parasphenoid, exoccipital, stapes,
and anterior trunk region in ventral view; (b) MB.Am.225 (sl=70 mm), parasphenoid with exoccipitals preserved
posteriorly.

Figure 25 Archegosaurus decheni. Neurocranial elements in MB.Am.237b (sl circa 220 mm, silicone cast): (a)
posterior view; (b) dorsal view.
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roof. The prootic portion is obscured by bones of the dermal
skull roof.

8.4. The basisphenoid
A porous elevation of bone is present on the dorsal side of the
basal plate of the parasphenoid in MB.Am.227a (sl circa
84 mm) at the base of the cultriform process (Fig. 26a). This
structure represents the initial ossification of the basisphenoid.
The porous bone at this location is more elevated in
MB.Am.123 (sl=93 mm) and GMBS P/426 (sl circa 115 mm,
Fig. 8). In skulls beyond 200 mm length (MB.Am.237b, 136a,
SMF A 35b), the basisphenoid consists of a transversely
orientated strip of bone that is located anterior to the para-
pterygoid crest (Figs 25b, 26b, 27a). It diminishes in depth
towards its centre and forms a thin crest (crista sellaris)
dorsally. In its lowest point, the crest is somewhat broadened
and possesses a small and shallow deepening, which may
represent the dorsum sellae. Laterally, the depth of the
basisphenoid increases and the crest becomes broader, forming
the lateral sellar processes. Anteriorly, the basisphenoid slopes
abruptly to the floor formed by the parasphenoid. In dorsal
view, the crista sellaris is concave anteriorly. Its broadened
part in the middle forms a small anterior process that gives the

crest the shape of a low, anteriorly opened ‘w’. Paired shallow
depressions are present on the anterior surface of the basi-
sphenoid, anterolateral to the small deepening in the middle.
They probably represent the recesses for the origin of
the rectus eye muscles. The basipterygoid process of the
basisphenoid remains cartilaginous.

8.5. The basipterygoid region
The basipterygoid region of A. decheni is insufficiently pre-
served in most specimens. An articulated parasphenoid and
pterygoid are present in the largest specimen (MB.Am.116,
Fig. 17a), but the nature of the articulation cannot be deter-
mined. The basipterygoid ramus of the parasphenoid is short
(Fig. 19a). Its articulation facet is anteromedially aligned and
laterally concave. Although the parasphenoid has formed a
slightly overlapping suture with the basicranial ramus of the
pterygoid, at least in medium-sized skulls (MB.Am.253,
sl=circa 160 mm), a degree of mobility cannot be ruled out
because the articulation is not tightly indented. This is similar
to the situation in the archegosaurids Platyoposaurus (Efremov
1933) and Bashkirosaurus (Gubin 1981). A distinct recessus
conoideus is preserved on the dorsal side of the pterygoid in
SMF A35b (Fig. 26b). This structure articulates with the

Figure 26 Archegosaurus decheni. Neurocranial elements: (a) MB.Am.227 (sl circa 84 mm), basal plate of
parasphenoid in dorsal view with traces of basisphenoid and basioccipital; (b) SMF A35b (sl circa 200 mm) in
posterodorsal view, the dermal skull roof is removed. The conical recess of the right pterygoid is visible.

Figure 27 Archegosaurus decheni. Neurocranial elements: (a) MB.Am.136a (sl=211 mm) in dorsal view with
stapes and ascending lamina of pterygoid; (b) MB.Am.237b (sl circa 220 mm), basal plate of parasphenoid in
posterodorsal view, with remnants of the opisthotics and parts of the ?sphenethmoid in cross-section.
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basipterygoid process of the basisphenoid that remained
cartilaginous, even in adult specimens (section 8.3).

8.6. The sphenethmoid and sella turcica region
The sphenethmoid is ossified in a skull of approximately
125 mm in length (MB.Am.235, IGS U III 4/5, Fig. 13b), but
most of it is obscured by dermal bones. MB.Am.235 and IGS
U III 4/5 are plaster casts of an original skull which is
unfortunately lost. The sphenethmoid is preserved fragmen-
tarily in MB.Am.116 (sl=279 mm, Fig. 17a). The preserved
part is 80 mm long; its posterior end is situated on the
cultriform process anterior to the basal plate.

In MB.Am.237 (sl=220 mm, Fig. 27b), the neurocranium is
preserved in cross-section 9 mm posterior to the pineal open-
ing, at the anterior end of the basal plate of the parasphenoid.
A median crest rises and broadens dorsally from an ossified
base that is situated on the basal plate. The crest divides a
cavity that is framed laterally by concave walls which are

curved medially in their dorsal part. It cannot be determined
whether the lateral walls contact the dermal skull roof. Possi-
bly this structure represents the cross-section of the posterior
portion of the sphenethmoid. The median crest may represent
the interolfactorial crest, that divides the olfactorial canal of
the sphenethmoid.

8.7. Palatoquadrate ossifications
Epipterygoid and quadrate form the ossified parts of the
palatoquadrate in A. decheni. Both elements are poorly
preserved.

An ossified quadrate is preserved for the first time in BSM
1869 III 6 (sl=53 mm, Fig. 29a). It is a short, stout bone that
establishes a squamate suture with the ascending lamina of the
pterygoid by overlapping it internally (Fig. 17a). It is con-
nected anterolaterally with the quadratojugal and dorsally
with the descending lamina of the squamosal.

Figure 28 Archegosaurus decheni. Reconstruction of the occiput of an adult specimen in posterior view.

Figure 29 Archegosaurus decheni. Palatoquadrate ossifications: (a) BSM 1869III6 (sl=53 mm), quadrate in ventral
view; (b) MB.Am.237b (sl circa 220 mm), epipterygoid in posterior view.
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The epipterygoid appears to ossify late in ontogeny. An
ossified element is present anterolateral to the basal plate of the
parasphenoid in SMF A 3 (sl=144 mm). This bone has a
broadened base from which a column-like process ascends,
and may represent the epipterygoid in which the base with the
ascending process is already ossified. An ascending bone is
present on the right basicranial ramus of the pterygoid in
MB.Am.237a (sl=220 mm, Fig. 29b). It possesses a broadened
base and a slender shaft that is directed dorsomedially and
contacts the dermal skull roof.

9. Visceral skeleton

9.1. The stapes (columella)
The stapes is broken in part and counterpart in most speci-
mens, so that its shape and inner structure is frequently visible,
but rarely its outer surface. It is preserved in different sized
skulls.

9.1.1. Morphology. The following description is based
mainly on GPIT/Am/20 and MB.Am.275b. The stapedial
foramen is located in the proximal part of the stapes (Fig. 30a,
b). It is embedded in a longitudinal depression which dimin-
ishes in proximal and in distal direction; it becomes deeper
again towards the incisura of the proximal stapedial head. The
incisura divides the proximal end of the stapes into a narrower
head (‘processus basalis’ after Bystrow & Efremov 1940;
‘ventral proximal head’, VPH, after Lombard & Bolt 1988),
and a broader head, the footplate (‘dorsal proximal head’,
DPH). The stapes is widest and deepest in its proximal part
and is nearly oval in cross-section. It is compressed antero-
posteriorly and bends in dorsodistal direction at an angle of
150 – 160(, then it broadens anteroposteriorly again. It ends
abruptly in its distal part (dorsodistal process). A crest is
present on the posteroventral side of the proximal portion of

the stapes. Laterally, it forms a distinct lateral process, which
was probably continued with cartilage in the living animal (Fig.
30c, d). In anterior and posterior view, respectively, the stapes
becomes more slender a short distance distal to the stapedial
foramen; it broadens again in the region of the lateral process.

9.1.2. Comparison. Bolt & Lombard (1985) argued that
the temnospondyl stapes, except for that of Dvinosaurus,
is very similar to the anuran stapes and lacks any distal
processes. In contrast, Boy (1988) and Schoch (2002) showed
that the stapes of Sclerocephalus haeuseri also has a distinct
lateral process similar to Dvinosaurus. Previously, Efremov
(1933) had pointed out that the stapes of the archegosaurid
Platyoposaurus bears a small, thin process that is directed to
the ascending lamina of the pterygoid (Efremov 1933, p. 128,
fig. 8). The stapes of Archegosaurus decheni is similar to that of
Sclerocephalus and Platyoposaurus in possessing a comparable
lateral process.

9.1.3. Position and orientation of the stapes. The broad
DPH articulates with the ossified opisthotic in MB.Am.136a,
which is connected with the basal plate of the parasphenoid in
the sulcus intercristatus (Fig. 27a). The exact nature of the
articulation of the VPH with the basal plate cannot be
determined because of incomplete preservation in this region.
In GPIT/Am/20 (sl=181 mm), the stapes is preserved in situ
(Fig. 30a). The DPH is situated posterodorsally to the VPH.
The stapedial artery runs in anterodorsal to posteroventral
direction in A. decheni.

Bolt & Lombard (1985) reported that the distal end of the
stapes is directed into the squamosal embayment in all
adequately preserved temnospondyls they had investigated.
This was corroborated by new findings in almost undistorted
skulls of Mastodonsaurus (Schoch 1999). It is obvious that
the distal portion of the stapes projects into the squamosal
embayment in some three-dimensionally preserved skulls of A.
decheni, too (e.g., MB.Am.257, SMF A 35).

Figure 30 Archegosaurus decheni. Stapes: (a) GPIT/Am/20 (sl=181 mm), proximal part in dorsal view; (b) GMBS
P/403 (sl=41 mm), in posteroventral view; (c) SMNS 81850 (sl=150 mm), the stapes is broken so that its inner
surface is visible; (d) GMBS P/503 (sl circa 115 mm).
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9.1.4. Ontogeny. No stapes is preserved in the smallest
specimens (18–25 mm skull length). The stapes is visible for the
first time in an individual of 28 mm skull length (MB.Am.140,
Fig. 19b). The ossified portion of the stapedial shaft grows
with positive allometry in length during ontogeny, so that the
stapes becomes proportionally longer and more slender in
larger skulls. The portion of the stapes proximal to the
stapedial foramen ossifies increasingly during ontogeny.

9.2. Branchial denticles
Four rows of denticle-bearing branchial platelets on both sides
posterior to the skull indicate the presence of four pairs of
cartilaginous ceratobranchials in the living animal. The plate-
lets have been described by Witzmann (2004), and only addi-
tional information is given here. Concentric rings are visible on
the branchial platelets in IGS U II 1/2 (sl circa 90 mm) that
obviously represent growth rings (Fig. 31a). At least four rings
are recognisable. Growth rings have not been reported in
branchial platelets of temnospondyls. Branchial platelets can
be demonstrated in specimens up to 150 mm skull length.

9.3. The basibranchial
A basibranchial (or copula) ventral to the parasphenoid was
identified by Meyer (1858) as a median element of the hyo-

branchial apparatus. This bone is visible in GPIT/Am/233
(sl=46 mm) and PIMUZ A/II 0019 (sl=50 mm) lateral to the
cultriform process. It is slightly broadened both in its anterior
and posterior part. As shown by Hofker (1926), the basi-
branchial broadens distinctly in its anterior part during
increasing skull length. Such a development is also visible in
Sclerocephalus (Boy 1974, 1988) and Onchiodon (Boy 1990),
and apparently represents a plesiomorphic pattern in temno-
spondyls.

The adult morphology of the basibranchial is visible in
MB.Am.953 (sl=226 mm, Fig. 4b), and measures 35 mm. It
broadens in its anterior third which is six times the width of the
shaft.

9.4. Further remains of the hyobranchial skeleton and
external gills
In IGS U II 1/2 (sl circa 90 mm), carbonised remains visible
posterior to the basibranchial, between the branchial platelets
(Fig. 31b), may be the remnants of skin or of the gills
itself. At least four rod-like imprints are visible that are
aligned anteroventrally, parallel to rows of branchial
platelets. A further rod-like structure is aligned antero-
dorsally. Parallel and slightly ventral to this rod, a row of
branchial platelets is visible. These carbonised structures can

Figure 31 Archegosaurus decheni. Hyobranchium of IGS U II 1/2 (sl circa 90 mm): (a) the denticle-bearing
branchial platelets exhibit concentric rings that can be interpreted as growth rings; (b) buccopharyngeal region:
the posterior part of the basibranchial, branchial denticles, and carbonised remains of the cartilaginous
ceratobranchials (densely stippled) are present. Carbonised remains of skin or gills are widely stippled.
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be interpreted as remains of cartilaginous branchial arches,
probably the ceratobranchials. No unambiguous remains of
further hyobranchial elements can be demonstrated in A.
decheni. Three pairs of external gills like those in salamander
larvae have been demonstrated in A. decheni (Witzmann
2004); their branches are preserved as thin carbonised layers.
They can be recognised up to a skull length of 80 mm (TM
1169).

10. Discussion

10.1. Recognition of growth series
The series of 181 skulls investigated here satisfies the criteria
listed by Schultze (1984) to identify a fossil growth series. First,
all specimens were collected in the same locality, in the region
of Lebach between Rümmelbach and Gresaubach in the
Saarland, SW Germany. Secondly, they derive from the same
horizon, the lower part of the ‘Toneisensteinlager’ of the
Humberg Black Shale. Thirdly, skulls of every size can be
distinguished by similar morphology as follows. The skull is
distinctly more slender than that of any other temnospondyl in
the Saar–Nahe Basin. Its lacrimal is excluded from the naris
(or septomaxilla) by a broad maxillary-nasal contact. In con-
trast, the lacrimal contacts the naris and septomaxilla in larvae
of Sclerocephalus and Cheliderpeton (Boy 1988, 1993b). In
addition, the jugal is distinctly narrower in all size stages of A.
decheni as compared to Sclerocephalus and Cheliderpeton of
comparable size. Finally, the prefrontal of A. decheni tapers
distinctly at its anterior end. In contrast, the prefrontal is
always proportionally shorter and broader in Sclerocephalus
and Cheliderpeton of equal skull length.

10.2. Capture of prey
10.2.1. Small larvae. According to Deban & Wake (2000),

all extant urodele larvae and most water-dwelling adults
capture prey items by using suction-feeding. The hyobranchial
apparatus moves ventrally and posteriorly and depresses the
floor of the mouth. The resulting expansion of the buccal
cavity is further supported by lateral movements of the cheek,
enabled by a joint between the jaw suspensorium and skull
table (Schoch & Carroll 2003). This produces negative pressure
in the buccal cavity, and water including prey items flows
rapidly into the mouth. The floor of the mouth rises again
during mouth closure, and water is expelled posterolaterally
through the opened gill clefts. These clefts permit unidirec-
tional flow of water through the buccal cavity, resulting in
more effective suction feeding (Lauder & Shaffer 1986).
Additionally, flaps of skin, the ‘labial lobes’, restrict the gape
to the anterior part of the mouth (Erdman & Cundall 1984),
leading to a higher velocity of the inflowing water and to
control of its direction. Skulls with a short snout, blunt shape,
and restricted gape are most adapted to suction feeding
(Taylor 1987).

The smallest larvae of A. decheni have proportionally short
snouts in relation to larger individuals. However, their skulls
are slender, the gape is proportionally large, and the skull roof
is akinetic. Marginal teeth that extend far posterior both on
maxilla and dentary indicate that ‘labial lobes’ similar to
aquatic urodeles were absent (Fig. 2c). Thus the inflow of
water during mouth opening was undirected and not restricted
to the anterior part of the mouth. Probably A. decheni relied
on this uncontrolled suction effect when capturing small prey
items (e.g., the syncarid crustacean Uronectes, preserved as
remains in some specimens). The gill clefts permitted an
unidirectional flow of water through the mouth cavity, and the

branchial dentition prevented the prey from escaping through
the gill clefts, analogous to the gill rakers of extant salamander
larvae (Deban & Wake 2000). The large gape, as well as the
robust conical teeth, indicate that small individuals also fed on
large prey. Remains of prey found in small individuals of A.
decheni (e.g., MB.Am.220, sl=32 mm) consist of compara-
tively large specimens of the acanthodian Acanthodes sp.,
which are too large to be ingested solely by suction feeding. It
is probable that A. decheni performed a forward strike towards
the prey with jaw prehension. In conclusion, it can be assumed
that suction feeding was not elaborate as in urodeles and thus
not crucial in prey capture in small A. decheni. This hypothesis
is supported by the fact that the hyobranchial apparatus was
cartilaginous in small larvae, not ossifying until approximately
45 mm skull length. In contrast, extant suction feeding uro-
deles possess a well-ossified hyobranchial apparatus, whereas it
is for the most part cartilaginous in non-suction feeding forms
(Deban & Wake 2000). The suction-feeding dissorophoids
Apateon and Micromelerpeton exhibit ossified ceratohyals and
hypobranchials (Boy 2003). The marginal teeth of small larvae
do not show the size differentiation that is present in larger
specimens. Small individuals of A. decheni were obviously
euryphagous.

10.2.2. Larger larvae and postlarval specimens. The mar-
ginal dentition differentiates in size with the proportional
elongation and narrowing of the snout, similar to Sclero-
cephalus and Cheliderpeton (Boy 1988, 1993a, b). In skulls
beyond 60 mm length, distinct size differentiation of the mar-
ginal teeth is present (Fig. 3c). The snout of middle-sized and
large A. decheni is too slender and the gape too large to
generate a strong suction effect. According to Taylor (1987), a
lateral strike is the most effective mode of capturing prey for
predators with long and narrow snouts. In contrast, moving
forward on the prey with opened jaws constitutes greater
resistance in water and affords precise approach to the prey
(Taylor 1987). Thus the long, flat snout of A. decheni can be
regarded as an adaptation to a lateral strike. This mode of
feeding can be observed in extant long-snouted crocodiles and
gharials (Cleuren & De Vree 2000), in the long-snouted
actinopterygian Lepisosteus (Lauder & Norton 1980), as well
as in marine mammals such as the platanistid river dolphins
(Werth 2000). Most probably, A. decheni grabbed prey items
with the anterolateral region of the snout, in which dentition
shows the opposite size distribution in the upper and lower jaw
as well as the largest marginal teeth. This adjustment of teeth
allows better holding and killing of slippery and moveable
prey. The large palatine and vomerine tusks, the comparatively
long row of medium-sized teeth on palatine and ectopterygoid,
and the symphyseal teeth of the dentary helped to fix and kill
the prey.

After the prey was killed, it had to be repositioned before
swallowing, analogous to extant crocodiles (Cleuren & De
Vree 2000) and Lepisosteus (Lauder & Norton 1980). The
large interpterygoid vacuities in A. decheni indicate that the
eyeballs, together with the dentigerous palatal plates,
assisted in the intrabuccal transport and swallowing by retrac-
tion into the mouth cavity, as seen in extant anurans and
urodeles.

With the proportional elongation and narrowing of the
snout during ontogeny, A. decheni increasingly preyed on fish,
mostly Acanthodes sp. and occasionally on Paramblypterus sp.,
as nutrition remains indicate (see also Boy 1993a). It is
important to emphasise that the ontogenetic change in A.
decheni from small, euryphagous larvae to large, mainly
ichthyophagous predators did not happen in a sudden kind of
metamorphosis, but through a gradual process.
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10.3. Ontogeny and function of the hyobranchial
apparatus
In order to discuss the possible metamorphosis of the hyobran-
chium in A. decheni, it is necessary to consider functional
aspects in feeding and breathing.

10.3.1. Basibranchial. The ossification of the basibran-
chial has been regarded as an indicator of the metamorphic
phase in different temnospondyls (Boy & Sues 2000). However,
in A. decheni the ossification of the basibranchial is no
indicator of metamorphosis because it ossified at a skull length
of approximately 45 mm, whereas the larval branchial platelets
are present up to a skull length of 150 mm. Apart from the
branchial platelets, the basibranchial is the only part of the
hyobranchium that ossified in A. decheni. This is probably
correlated with its role as the point of attachment for the
hyobranchial musculature that rotated the hyobranchial
apparatus to generate negative pressure in the buccal cavity
during suction feeding, as well as to press air into the lungs for
aerial respiration. Additionally, rotation of the hyobranchial
apparatus obviously functioned to depress the mandible,
because the retroarticular process is very poorly developed in
A. decheni (Fig. 21). Mandibular depression by the hyo-
branchial apparatus might have been common in stem-
stereospondyls, because the retroarticular process is absent or
very small, and thus a strong depressor musculature was not
able to insert on the lower jaw (Schoch & Milner 2000).
Furthermore, the basibranchial probably also supported a
developing, but simple, tongue pad and its musculature
(see section 10.3.2). Mandibular depression by hyobranchial
musculature is probably a plesiomorphic feature of gnatho-
stomes because this muscle is also responsible for mouth
opening in actinopterygians and dipnoans in addition to the m.
epaxialis and m. levator operculi (Lauder & Reilly 1994).

10.3.2. Ceratobranchials. The presence of branchial den-
ticles shows that A. decheni did not transform its hyobranchial
apparatus at least until 150 mm skull length, i.e., four pairs of
cartilaginous ceratobranchials were present until this size. The
branchial denticles demonstrate that the gill clefts were still
open. At a skull length of 150 mm, A. decheni has a distinctly
elongated and slender snout. Therefore it must have performed
the same mechanisms of prey capture as the adult specimens.
Thus there is no reason to assume that the ceratobranchials
underwent morphological changes during further growth,
though the branchial platelets were resorbed and the gill clefts
closed. If this interpretation is correct, A. decheni retained the
pattern of four pairs of ceratobranchials as an adult, compa-
rable in this respect to many larval or neotenic urodeles and to
a certain degree to extant larval and metamorphosed gym-
nophionans (Stadtmüller 1936). As inferred from the size of
the branchial platelets, the four cartilaginous ceratobranchials
in A. decheni were slender elements.

The resorption of branchial denticles in middle-sized speci-
mens is not correlated with a change in the mode of feeding,
but it suggests the degeneration of external gills. As described
in section 10.2.1, open gill clefts improve suction feeding
effectivity. However, branchial denticles are still present in
specimens whose snouts are too long and slender to feed by
suction. Thus one can assume that the gill clefts served solely
for gill breathing in larger larvae and indicate the presence of
external gills until a skull length of around 150 mm.

Unfortunately, the morphology of the ceratobranchials
after resorption of branchial platelets is not known in temno-
spondyls because they remained cartilaginous. Exceptions are
a few forms, such as Dvinosaurus (Sushkin 1936) and Gerrotho-
rax (Hellrung 2003), that are interpreted as perennibranchiate
neotenes. It is possible that adult non-perennibranchiate tem-

nospondyls still possessed three or four pairs of ceratobranchi-
als in contrast to metamorphosed urodeles. This would be
the plesiomorphic situation as compared to urodeles, whose
remodelling of the hyobranchium would then be apomorphic
(Stadtmüller 1936; Boy 1974). This hypothesis is supported by
the fact that the most plesiomorphic metamorphosing urodele
taxon, the hynobiids, have two pairs of ceratobranchials after
metamorphosis, whereas all other taxa have only one pair
after metamorphosis (Deban & Wake 2000). Boy (1985)
also suspected that the hyobranchial apparatus of adult
temnospondyls might have been quite similar to that of their
larvae. He was lead to this consideration by his finding of
ossified hypohyals and hypobranchials besides the ‘adult’ (i.e.,
anteriorly distinctly widened) basibranchial in the terrestrial
dissorophoid Micropholis. However, it is also possible that
early terrestrial temnospondyls such as Dendrerpeton or
Balanerpeton evolved a remodelling of a larval into an adult
hyobranchial apparatus that supported a moveable tongue,
analogous to metamorphosed urodeles. If the later temno-
spondyls evolved from such terrestrial forms which remodelled
the hyobranchium during ontogeny, then the retention of
four pairs of ceratobranchials in A. decheni would be a
paedomorphic trait.

10.4. Ontogeny of lateral line sulci
Small individuals of A. decheni exhibit almost no traces of
lateral line sulci on the dermal skull bones, whereas they
become more distinct during further growth. Boy (1988)
reported a similar development in Sclerocephalus. Here the
lateral line sulci are deeper in metamorphic and juvenile
specimens than in larval ones. The only difference to A. decheni
is their disappearance in the adult stage because of a change to
a semi-terrestrial mode of life. The small dissorophoid
Micromelerpeton credneri has lateral line sulci only on nasals in
small specimens; the other parts of the lateral line sulci are
visible much later in ontogeny, and the jugal sulcus is only
traceable in some of the largest individuals (Boy 1972).

This development in A. decheni and other temnospondyls
could be dependent on the thickness of the dermal skull
roofing bones and the overlying skin, respectively. The skin
may have been proportionally thicker relative to bone thick-
ness in early growth stages, so that the lateral lines did not
contact the surface of the bones. It is feasible that in further
ontogeny the skin in A. decheni and other temnospondyls
became proportionally thinner to the degree the bone sculpture
was intensified, and thus the lateral lines came to lie on the
bone surface. An extant analogue might be some hylid
anurans, in which the lower layers of the dermis are increas-
ingly replaced by hyperossifying bone during ontogeny (Trueb
1973).

10.5. Life history of Archegosaurus decheni
Can we draw conclusions from skull morphology as to whether
A. decheni changed its habitat after resorption of the external
gills, or whether it underwent a kind of metamorphosis? Most
significant in this respect is the retention of lateral line sulci on
the dermal skull roof and mandible of the largest specimens.
They are a strong indicator of a primarily aquatic mode of life
(Schoch 2001). A further indicator might be the morphology of
the septomaxilla. This bone serves as origin for the constrictor
and dilatator muscles that open and close the naris in urodeles
(Lapage 1928; Panchen 1967). Narial muscles guarantee a tight
closure of the external nares in the terrestrial plethodontids.
These urodeles feed exclusively on land and their buccal cavity
has to be kept free from water (Panchen 1967). As Panchen
supposed, the septomaxilla served as origin of comparable
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muscles also in early tetrapods and temnospondyls. In terres-
trial temnospondyls such as Edops and Eryops, the septo-
maxilla is a quite large and elaborate bone that bears a long
internal process. In contrast, it is less developed in supposed
aquatic forms (Sawin 1941; Panchen 1967; Schoch 2001).
However, as Schoch (2001) pointed out, the functional differ-
ences between the two types of septomaxillary bones are not
apparent. The small septomaxilla of A. decheni has a poorly
developed internal process and represents the ‘aquatic type’.
This might indicate that narial muscles were less developed
in A. decheni, possibly because it performed aquatic feeding
and the buccal cavity was mostly filled with water. This
corresponds with the absence of a nasolacrimal duct in all
growth stages of A. decheni. The nasolacrimal duct can be
regarded as a terrestrial adaptation in tetrapods (Janvier 1996)
because it discharges surplus tear fluids from the eye to the
nasal capsule to moisten the nasal epithelium. In extant
neotenic, water-dwelling urodeles such as Amphiuma and
Siren, no nasolacrimal duct is developed (Duellman & Trueb
1986). Its absence in A. decheni suggests that mainly water
flowed through the narial passage, and the olfactory epi-
thelium functioned in water rather than in air. Further evi-
dence for this hypothesis may be derived from the shape and
position of the choana. As Schoch (2001) recognised, terres-
trial temnospondyls such as eryopids and zatrachydids exhibit
a modification of the choanae to large and rounded openings
which are expanded medially. Extant terrestrial urodeles and
anurans have a voluminous narial passage, and this is also the
case in adult Eryops (Schoch 2001). In contrast, the slit-like
and laterally aligned choanae of A. decheni are characteristic of
aquatic temnospondyls (Schoch 2001). The narrow choanae
and the small size of the nasal capsule (judging from the
impression on the ventral side of the dermal skull roof, see
section 4.6.2) might indicate that the narial passage was
restricted as compared to terrestrial temnospondyls.

The resorption of external gills in A. decheni does not
necessarily imply a transition to a terrestrial mode of life. As
Schmalhausen (1968) emphasised, external gills in large
animals are disadvantageous because they are vulnerable to
predators or may easily be damaged. Lungs, which are a
plesiomorphic character of the Osteichthyes (bony fishes plus
tetrapods, Janvier 1996), were the main respiratory organ after
resorption of gills. Juvenile and adult A. decheni probably
swam to the water surface to gulp air, as do extant lungfishes
and many aquatic urodeles. Possibly the skin served as acces-
sory respiration organ. An extant example of a primarily
aquatic amphibian that has resorbed its gills and closed the gill
clefts is the large-growing urodele Andrias (Duellman & Trueb
1986).

It can be assumed that A. decheni possessed an impedance-
matching ear because the stapes is a long and quite slender
element that was directed into the squamosal embayment.
However, it cannot be determined if the stapes had the
function to transmit airborne vibrations (such as in the major-
ity of extant anurans) or if it had an auditory function
underwater. Instead of a tympanic membrane, the tympanic
annulus bears a cartilaginous disc that serves as receiver of
aquatic sound waves in pipid anurans (Wever 1985). Therefore
the presence of an impedance-matching ear in A. decheni is no
indicator of terrestriality.

Considering these data, it can be assumed that A. decheni
was primarily water-dwelling, not only as a gill-breathing
larva, but throughout its life history. Furthermore, the life
history of A. decheni does not include a metamorphosis in the
sense of Alberch (1989), who defined metamorphosis as a
condensement and synchronisation of developmental events in
a short period of time. In contrast, the ontogeny of A. decheni

shows gradual morphological changes. Developmental events
such as initial ossifications of different skeletal elements are
dissociated over a long period of time, if we take skull length as
a crude proxy of individual age. The only abrupt alteration is
the resorption of branchial platelets in middle-sized individu-
als, probably correlated with closure of gill clefts and resorp-
tion of external gills. However, this is not synchronous with
any other morphological change visible in the skeleton, and
does not constitute a metamorphosis. Also, the formation of
polygonal sculpture, regarded as an indicator of metamorpho-
sis in different temnospondyls (Bystrow 1935; Boy & Sues
2000), is not a metamorphic character in A. decheni. According
to the sculptural classification of Boy & Sues (2000), the
metamorphic stage would start at a skull length of approxi-
mately 50 mm in A. decheni, and the adult (or postmetamor-
phic) stage at 120 mm. However, in this size stage, the larval
branchial platelets are still present.

Development of A. decheni is decelerated in many regards as
compared to other temnospondyls. This includes the late
ossification of the basibranchial, the long retention of denticle-
bearing branchial platelets and external gills, and the degree of
dentine infolding of marginal teeth, which remains simple
even in adult individuals. In spite of this, the elongation of the
snout can be interpreted as a peramorphic trait, probably
caused by acceleration of the growth rate. Its proportional
length is exaggerated as compared to more plesiomorphic
temnospondyls such as Dendrerpeton or Sclerocephalus.

In conclusion, the life history of A. decheni includes a larval
phase but no metamorphosis, similar in this respect to extant
lepidosirenid lungfishes (Rose & Reiss 1993). The larval phase
ended with resorption of branchial denticles. The subsequent
juvenile and adult phases can only be separated arbitrarily.
Uncinate processes of the ribs start to develop at a skull length
of around 200 mm (pers. obs.), and this developmental event
might be defined here as the beginning of the adult phase.
Compared with the life histories of other temnospondyls such
as Sclerocephalus (Boy 1988; Schoch 2003), Onchiodon (Boy
1990), and Cheliderpeton (Boy 1993b), the larval phase was
much extended in A. decheni. This long duration of larval
development is probably correlated with the similar mode of
life in larvae and adults. An extant example might be the giant
salamander Cryptobranchus, whose larval phase lasts approxi-
mately five years, and which is aquatic throughout its life
history (Duellman & Trueb 1986).
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12. Abbreviations used in figures

acc—intracranial branch of arteria carotis interna
aci—arteria carotis interna
ama—arteria mylohyoideus anterior
ang—angular
apf—anterior palatal fossa
art—articular
bb—basibranchial
bd—branchial denticles
bo—basioccipital
bs—basisphenoid
cb—ceratobranchials
cbo—basioccipital crest
ccap—capsular crest
ch—choana
cint—crista interolfactoria
cla—clavicle
clei—cleithrum
co—occipital condyle
col—canalis olfactorius
cor—coronoid
cot—orbitotemporal crest
cpar—paroccipital crest
cppt—parapterygoid crest
csel—sellar crest
cv—vertical column
cvl—ventrolateral crest
d—dentary
DPH—dorsal proximal head
ds—dorsum sellae
ect—ectopterygoid
eo—exoccipital
fbo—basioccipital fossa
fm—Meckelian fenestra
fp—paroccipital fossa
fst—stapedial foramen
icl—interclavicle
j—jugal
lasc—ascendening lamina of pterygoid
m—maxilla
man—mandible
mp—muscular pockets
n—nasal
N.IX–XI—nerves IX–XI
N.pal—palatine nerve
na—neural arch
ot—opisthotic
otl sio—otic part of infraorbital sulcus
p—parietal
pal—palatine
part—prearticular
plat—lateral process
pm—premaxilla
pof—posttemporal fenestra

pop sio—postorbital part of infraorbital sulcus
posp—postsplenial
pp—Postparietal
ppar—paroccipital process of exoccipital
ppart—paroccipital process of tabular
ppl—palatal plates
pr.cult—cultriform process
prsp—presplenial
ps—basal plate of parasphenoid
psel—sellar process
psmed—submedullar process
pst—parasymphyseal teeth
psup—supraoccipital process
pt—pterygoid
q—quadrate
qj—quadratojugal
rbpt—basipterygoid ramus
rc—conical recess
rrm—recess for rectus eye muscle
scl—sclerotic plate
sd—dental sulcus
si—sulcus intercristatus
sio—infraorbital sulcus
sj—jugal sulcus
sm—mandibular sulcus
sma—accessory mandibular sulcus
smx—septomaxilla
sot—occipital commissure
sphen—sphenethmoid
sps—parasphenoidal sulcus
sq—squamosal
sso—supraorbital sulcus
sta—stapes
sub sio—suborbital part of infraorbital sulcus
sur—surangular
t—tabular
tex—tabular extension
tp—torus parachoanalis
tsm—premaxillary tubercle
v—vomer
VPH—ventral proximal head
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62, 107–32.

Boy, J. A. 1990. U}ber einige Vertreter der Eryopoidea (Amphibia:
Temnospondyli) aus dem europäischen Rotliegend (?höchstes
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Säve-Söderbergh, G. 1936. On the morphology of Triassic stegocepha-
lians from Spitsbergen and the interpretation of the endocranium
in the Labyrinthodontia. Kunglinga Svenska Vetenskapsakad-
emiens Handlingar 16, 1–181.

Sawin, H. J. 1941. The cranial anatomy of Eryops megacephalus.
Bulletin of the Museum of Comparative Zoology at Harvard
College 88, 407–63.

Schmalhausen, I. I. 1968. The Origin of Terrestrial Vertebrates. New
York and London: Academic Press.

Schoch, R. R. 1999. Comparative osteology of Mastodonsaurus
giganteus (Jaeger 1828) from the Middle Triassic (Lettenkeuper:
Longobardian) of Germany (Baden-Württemberg, Bayern,
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