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Fig. 2. A-D. ? Temnospondyli gen. et sp. indet., complete left humerus (SMNS 56891); Lower Vitriolschiefer (Lower Keuper, Middle
Ladinian); Neidenfels near Crailsheim, Baden-Wiirttemberg, southwestern Germany. — A. Posterior view. B. Dorsal view. C. Ante-
rior view. D. Ventral view.

E-H. Eryops megacephalus Copg, 1877, left humerus; Lower Permian, Texas (after PAWLEY & WARREN 2006). — A. Posterior view.
B. Dorsal view. C. Anterior view. D. Ventral view.

morphology of the distal end of the humerus is also un- and MCZ 9230, as well as the information gained from our
known in any other dicynodont. additional comparison of SMNS 56891 to undoubted Di-
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(1995) noted as relevant distinctions between SMNS 56891  conclusions of Lucas & WiLp (1995) that SMNS 56891 is
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not Dinodontosaurus, that it can not be readily referred to
any other Triassic dicynodont taxon, and that it does not
correspond in morphology to any other known Triassic
dicynodont (Lucas & WiLb 1995: 7).

Regarding all the features enumerated above, one is
left to ask, why SMNS 56891 should be identified as a di-
cynodont at all. The only resemblances between the Lower
Keuper humerus and true dicynodonts include that the
bone is short, expanded widely both proximally and dis-
tally, has a long, well-developed deltopectoral crest and a
short shaft, and that the distal and proximal ends are
twisted. These are, however, mostly rather common fea-
tures found in a variety of basal tetrapods and basal am-
niotes and they in no way indicate a close relationship to
the Dicynodontia. To the contrary, many morphological
features of the specimens, particularly the lack of an ent-
epicondylar foramen, the large, plate-like supinator pro-
cess, the shape of the ect- and entepicondyles, the narrow
trochlea and the tubercles on the deltopectoral crest are so
dissimilar to all other known dicynodonts, that referral to
this group seems one of the least likely possibilities of
identification. In our opinion, there is no sound evidence
to identify either SMNS 56891 or the smaller, and proba-
bly juvenile, specimen SMNS 90571 as a dicynodont, and
we also see no particular resemblance but instead even
less similarity to any other basal synapsid.

Of course the question remains: if it is not a dicyno-
dont, what else could it be? The Lower Keuper of the Ger-
manic Basin includes a large variety of fossil amphibians
and reptiles. The only synapsids that have been recorded
hitherto are small cynodonts which remain largely unde-
scribed (ScHocH & WiLD 1999; but see Hopson & SuEks
2006). The humeri of known small cynodonts bear no
particular resemblance to SMNS 56891 or SMNS 90571,
and any identification can be positively excluded. All of
the marine reptiles, placodonts, nothosaurs, pachypleuro-
saurs, thalattosaurs and tanystropheid protorosaurs that
have been recorded from the Lower Keuper can equally be
excluded from any closer comparison. Even though hu-
meri are not known for all Lower Keuper taxa, they are
known for a large variety of genera and species within all
these groups, and they are all so different in morphology
(in particular always much more elongated with much less
development or even lack of a deltopectoral crest) that
identification is impossible. There is also no resemblance
to the humeri of rauisuchians and other archosauriforms
that have been recently recorded from the Lower Keuper
(GowER & ScHoch 20009).

At any rate, fossil reptiles only form the minority of
the fossil tetrapod finds in most Lower Keuper localities,
except for the Hohenecker Kalk of the Upper Lower Keu-
per, which contains a typically marine fauna dominated
by sauropterygians and placodonts. In all other Lower
Keuper Fossillagerstétten, temnospondyl amphibians are
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dominant (WiLp 1980; ScHocH & WiLb 1999) and have
been recorded by numerous taxa (VON JAEGER 1828; voN
MEYER & PLIENINGER 1844; voN HUENE 1922; ScrocH 1997,
1999, 2006, 2008; ScHocH & WERNEBURG 1999; ScHocH &
MiLner 2000; HELLRUNG 2003; Damiant et al. 2009), a
single chroniosuchid is also known (WitzmManN et al.
2008).

In several of these, the humeri are quite well known.
These include Mastodonsaurus (voNn HUENE 1922; ScHOCH
1999), Gerrothorax (HELLRUNG 2003), Plagiosuchus (pers.
obs.), Trematolestes (ScHocH 2006) and Callistomordax
(Scuoch 2008). They are still unknown in the plagiosaurid
Plagiosternum and the cyclotosaurid Kupferzellia. How-
ever, these taxa are likely to have been aquatic, as judging
from what is known about the osteology of their closest
relatives (WARREN & SNELL 1991; Scrocn 2009).

All these aquatic Lower Keuper temnospondyls have
humeri that are rather flattened and strongly to moderately
expanded at both extremities, with little ossification of
either the articulatory surfaces or zones of muscle attach-
ment. These features are typical of most Triassic temno-
spondyls which are usually regarded as adapted to a high-
ly aquatic mode of life (WARREN & SNELL 1991; MECKERT
1993). It is therefore unlikely that SMNS 56891 and SMNS
90571 represent such aquatic temnospondyls.

At closer inspection, the two Lower Keuper humeri
match those of Permian Eryops (MINER 1925; PAWLEY &
WAaRREN 2006; Fig. 2E—H) and Triassic Lydekkerina (Paw-
LEY & WARREN 2005) quite well. In addition, the humerus
of the enigmatic Permian genus Peltobatrachus is also
generally similar, although shorter and only incompletely
known (PaNcHEN 1959). A more superficial resemblance is
also found to the Permian aquatic Dvinosaurus (SUSHKIN
1936).

The Lower Keuper humeri agree with those of the four
aforementioned genera in the possession of (1) a robust
supinator process, (2) a clear separation of a pectoralis and
deltoideus crest, (3) the very wide distal end, and (4) the
tetrahedral morphology, with the broadened faces of prox-
imal and distal ends aligned at a right angle. Among the
Triassic stereospondyl temnospondyls, tetrahedral humeri
are only known from Lydekkerina and plagiosaurids (Paw-
LEY & WARREN 2005; HELLRUNG 2003).

In addition to the mentioned features, the humerus of
Eryops shares with the Lower Keuper specimens clearly
separated ect- and entepicondyles and a well ossified ra-
dial condyle, both characters absent in Lydekkerina.
Therefore, we rate the resemblance with Eryops highly,
and conclude that the Lower Keuper humeri probably stem
from a 1.5-2 m long, amphibious or terrestrial temnospon-
dyl.

Of course, the possibility that the Lower Keuper hu-
meri stem from a taxon pertaining to another major group
cannot be completely ruled out. Many humeral features of
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terrestrial taxa — such as the clearly separated condyles,
the supinator process, the morphology of the shaft, and the
separation of pectoralis and deltoideus attachments — are
found in a wide range of unrelated basal amniotes, temno-
spondyls, and seymouriids. Yet a comparison to the hu-
merus of Seymouria for instance reveals fundamental dif-
ferences (SuLLIvaN & REIsz 1999), as is the case with am-
niotes. Therefore, the Lower Keuper humeri most probably
stem from an eryopoid (sensu ScHocH & WITZMANN
2009).

It is further to be emphasized that those features that
clearly distinguish the Lower Keuper taxon from dicyno-
donts and synapsids in general are, in turn, in good agree-
ment with an interpretation as a temnospondyl amphibian.
These include the tubercles on the distal part of the delto-
pectoral crest, the supinator process, and the absence of an
entepicondylar foramen.

So far, no fossil amphibian is known from cranial or
other skeletal remains from Lower Keuper deposits which
can be considered as a potential candidate for definite
identification. The fact that so far only two isolated hu-
meri have been found of the — presumably terrestrial —
temnospondyl speaks in favour of the interpretation that it
was an animal that did not live in the depositional area of
the Lower Keuper sediments. As the Lower Keuper was
deposited under more or less limnic to shallow marine or
brackish conditions and as the animal must, from the mor-
phology of its humerus, be assumed to have spent at least
its adult life preferably on dry land, this is not surprising.
The two humeri were probably washed in from a more ter-
restrial environment and were the only remains of the al-
ready decomposed skeletons that became fossilized. Al-
though we cannot support their identification, we never-
theless agree with Lucas & WiLp (1995) that we are dealing
with a terrestrial animal whose biotope was probably the
Vindelician land emerging to the southwest of the deposi-
tional area of the Lower Keuper.

5. Conclusion

The re-identification of the alleged aff. Dinodontosau-
rus specimen described by Lucas & WiLp (1995) from the
German Lower Keuper to the Temnospondyli underlines
the importance of the correct evaluation of fragmentary
and otherwise unique fossil tetrapod specimens. It also
points to the difficulties and uncertainties related to verte-
brate-based biochronological correlations which are based
on such specimens. RayFIELD et al. (2009), who also con-
sidered the material as undiagnostic (although not ques-
tioning its identity as a dicynodont) clearly identified
“subjective opinions regarding the taxonomic assignments
of key specimens” as one of the most critical aspects re-
garding the validity of the Triassic land-vertebrate bio-

chronology advocated by Lucas and co-workers in many
papers. The case of the misidentified Keuper dicynodont
discussed above provides further support to the conclu-
sions of RAYFIELD et al. (2009), and it once again demon-
strates the importance of careful and correct taxonomic
work in vertebrate paleontology as the basis for any more
general concepts and higher-order hypotheses.
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