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Re-investigation of the skull roof in Metoposaurus diagnosticus from the German Middle Keuper revealed that in con-
trast to previous opinions, the lacrimal bone in this species enters the orbital margin. The same pattern is demonstrated by
the skulls of a newly discovered metoposaur from the Keuper of Krasiejéw in Poland. The difference in the shape of the
parietal between the population from Krasiejéow and the type population of Metoposaurus diagnosticus enables the dis-
crimination of two separate subspecies within Metoposaurus diagnosticus. For the specimens from the Late Carnian of
Drawno Beds at Krasiejéw, Poland and its lateral equivalents Lehrberg Beds at Stuttgart-Sonnenberg and Kieselsandstein
at Fichtenberg, Germany, a new chronosubspecies Metoposaurus diagnosticus krasiejowensis is erected. The new sub-
species differs from the older nominal subspecies M. diagnosticus diagnosticus in having a shorter and wider prepineal
part of the parietal. If one accepts that the nominal subspecies is the ancestor of M. krasiejowensis the change in the shape
of the parietal would be a reversal of the trend towards elongating postorbital part of the skull observed in ancestors of the
metoposaurids. It seems that the skull development in ontogeny changed after the anterior shift of the orbits occurred in
the phylogenetic history of the metoposaurids. The difference in ornamentation of the interclavicle between European

Metoposaurus and North American genera is corroborated by Polish material.
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Introduction

Metoposaurids are Late Triassic temnospondyl amphibians
characterized by anteriorly located orbits and cylindrical
intercentra. They are known from many localities in North
America, Africa, Europe, and India (Fraas 1913; Chowdhury
1965; Hunt 1993; Dutuit 1978; Sengupta 1992; Jalil 1996).
The earliest species is known from the Late Carnian (Schilf-
sandstein) of Germany, and the latest one from the Early
Norian of Arizona, New Mexico, and Texas (Hunt 1989).
The first named metoposaurid was Metopias diagnosticus,
described by Meyer (1842). Fraas (1889) published a more
extensive description of the species, based on additional ma-
terial. Because Metopias was preoccupied by a coleopteran
genus, Lydekker (1890) erected the name Metoposaurus.
A detailed history of the study on metoposaurids was pre-
sented by Hunt (1993).

A new Central European locality containing metoposaurs
has been recently discovered at Krasiejéw in the Opole
Silesia, Poland (Dzik et al. 2000). The fossil-bearing level
corresponds to Drawno Beds and is probably coeval with the
Lehrberg Beds in the western part of Germanic Basin. The
material from Krasiejow shed new light on the metoposaurid
morphology that was used to discriminate the taxa within this
family.

Until recently, the taxonomy of the Metoposauridae was
based mainly on the position of the lacrimal, as well as on the
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shape and pattern of the sculpture of clavicles and inter-
clavicles (Colbert and Imbrie 1956; Hunt 1993). Along with
studies on the new metoposaurid materials from Krasiejow
(see Dzik et al. 2000 for a preliminary report; Dzik 2001),
I examined the specimens housed in Staatlisches Museum fiir
Naturkunde in Stuttgart. Earlier views on morphology of the
lacrimal, as a feature of taxonomic value (Fraas 1889; Hunt
1993), have not been confirmed. The purpose of this paper is
to present a new interpretation of cranial characters of the
holotype of Metoposaurus diagnosticus and to compare the
metoposaurids from various European localities. Detailed
description of the skull and postcranial skeleton of new
metoposaurids from Krasiejow will be published at a later
date.

Institutional abbreviations.—NHM, Natural History Mu-
seum, London; PMIJ-P, Phyletisches Museum Jena, Jena;
SMNS, Staatlisches Museum fiir Naturkunde, Stuttgart;
UMMP, University of Michigan Museum of Paleontology,
Ann Arbor; WT, West Texas State collection; ZPAL, Institute
of Paleobiology, Polish Academy of Sciences, Warsaw.

Material

The data presented in this paper are based on material from
several localities in Germany and one locality in Poland. The
first specimen, the original of Meyer (1842), catalogued as

http://www.paleo.pan.pl/acta/acta47/app47-535.pdf
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SMNS 10825 from Baden-Wiirttemberg, was found in the
early nineteenth century. Numerous fossils from Poland
studied herein, from Krasiejow in the Opole Silesia, have
been excavated there since 1993 (Dzik et al. 2000). At this
new locality, which is still being excaveted, metoposaurids
occur in marly clays as disarticulated or partially articulated
bones. However, completely articulated skeletons of phyto-
saurs were found at this locality, and finding of articulated
metoposaurid specimens in future appears possible. So far
only one articulated specimen of Metoposaurus diagnosticus
from Hanweiler Germany in the SMNS collection (without
number) is available.

I examined the following specimens (grouped below ac-
cording to the local lithostratigraphic units of the Middle
Keuper from which they were collected):

Schilfsandstein: SMNS 10825—an almost complete
skull with articulated jaws, from Feuerbacher Heide (Fig. 1),
the holotype of Metoposaurus diagnosticus Meyer, 1842.
SMNS without number—a skull articulated with pectoral
girdle and partial vertebral column from Hanweiler, de-
scribed as Metoposaurus diagnosticus by Fraas (1889).
SMNS 4943—an incomplete skull in sandstone from
Feuerbacher Heide labeled Metoposaurus diagnosticus.
SMNS 1010—an almost complete skull roof with a fragment
of the left ramus of the lower jaw preserved in sandstone; in
the skull, only the ventral side of its roof is visible; same lo-
cality and labeling.

Rote Wand (Untere Bunte Mergel): SMNS 56633—a
complete small skull (17.5 cm long) embedded in plastic
(only the skull roof can be seen) from A.88 NE Helfenberg
(Seegis 1997), labelled Metoposaurus diagnosticus.

Lehrberg Beds: SMNS 11423—an impression of a part of

the interclavicle, from Stuttgart, district “Stadt Stuttgart” in
the area of Sonnenberg street, described as Metoposaurus
stuttgartiensis by Fraas (1889).

Kieselsandstein: SMNS 80573—an impression of the
part of a skull roof in sandstone, from NW of Fichtenberg, la-
beled Metoposaurus sp. indet.

The collection from Krasiejéw in Poland consists of com-
plete skulls ZPAL Ab III 10, 116, 358, 681, 682, 683, 684,
and 689; almost complete skulls ZPAL Ab III 3, 4, 11, and
318; postorbital parts of skulls ZPAL Ab III 6; a preorbital
skull fragment ZPAL Ab III 13 and 537. The dermal elements
of the shoulder girdle include incomplete interclavicles
ZPAL Ab III 90, 91, 92, 117, 122, and 314; a complete
interclavicle ZPAL Ab III 317; incomplete clavicles ZPAL
Ab III 72, 87, and 143; and almost complete clavicles ZPAL
Ab III 306 and 333.

Comparison of European and
North American metoposaurids

In Europe, metoposaurids occur in the Middle Keuper (Late
Carnian) strata beginning from the Schilfsandstein (Fraas
1889) up to the Blasensandstein (Kuhn 1932). Several spe-
cies were erected for specimens from Germany: Metopo-
saurus diagnosticus Fraas, 1889 from the Schilfsandstein, M.
stuttgartiensis Fraas, 1913 from the Lehrberg Beds, and M.
heimi Kuhn, 1932 from the Blasensandstein (see Table 1).
Although Hunt (1993) and Schoch and Milner (2000) classi-
fied M. stuttgartiensis and M. heimi as indeterminate meto-
posaurids, I follow Colbert and Imbrie (1956) in recognizing
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First description

Colbert and Imbrie 1956

Chowdhury 1965

Hunt 1993

This paper

Metoposaurus diagnosticus
Meyer, 1842

Metoposaurus stuttgartiensis
Fraas, 1913

Metoposaurus heimi
Kuhn, 1932

Metoposaurus santaecrucis
Koken, 1913

Trigonosternum latum
Schmidt, 1931

Metoposaurus diagnosticus
Meyer, 1842;
Keuper, central Europe

Metoposaurus diagnosticus
Meyer, 1842;
Keuper, central Europe

Metoposaurus diagnosticus
Meyer, 1842 in part:
Buettneria perfecta

Case, 1922

Metoposauridae indet.

Metoposauridae indet

Metoposaurus diagnosticus
Meyer, 1842

Family ?Metoposauridae

Nomen dubium

Temnospondyli ndet

Nomen dubium

Calamops paludosus
Sinclair, 1917

Eupelor durus Cope, 1866;
Newark Group,
Pennsylvania, New Jersey

Metoposaurus durus
(Cope, 1866); Newark
Group, North America

Temnospondyli indet.

?

Buettneria major
Branson and Mehl, 1929

Kalamoiketor pinkleyi
Branson and Mehl, 1929

Metoposaurus fraasi

Eupelor fraasi fraasi
(Lucas, 1904);
Chinle Formation,
Arizona, New Mexico, Utah

Metoposaurus fraasi fraasi
(Lucas, 1904);
Chinle Formation,
North America

Buettneria perfecta

Buettneria perfecta

Case, 1922 Case, 1922
?Apachesaurus gregorii ?Apachesaurus gregorii
Hunt, 1993 Hunt, 1993

Metoposauridae indet.

?

wyomingensis
Branson and Mehl, 1929
Koskinonodon princeps
Branson and Mehl, 1929

Anaschisma sp.
(in part: Gregory, 1980)

Anaschisma brachygnatha
Branson, 1905

Anaschisma browni
Branson, 1905

Eupelor browni
(Branson, 1905);
Popo Agie Formation,
Wyoming

Metoposaurus browni
(Branson, 1905);
Popo Agie Formation,
North America

Lucas, 1904
Metogzzzug;{)onesz — Metoposauridae indet. ?
Buettneria bakeri - . Metoposaurus bakeri Buettneria bakeri
Case, 1931 Eupelor fraasi j o.nesz Metoposaurus fraasi jonesi (Case, 1931) Case, 1931
Buettneria perfecta (Case, 1922); (Case, 1922);
Case, 1922 Dockum Formation, Texas Dockum Formation,
Buettneria howardiensis North America
Sawin, 1945
Metoposaurus maleriensis
Chowdhury, 1965; Buettneria perfecta Buettneria perfecta
Maleri Formation, India Case, 1922 Case, 1922
Borborophagus

Apachesaurus sp.
Hunt, 1993

Apachesaurus sp.
Hunt, 1993

Metoposauridae indet.
Metoposauridae indet.

?
?

Dictyocephalus elegans

Dictyocephalus elegans
Leidy, 1856; Newark Group,

Nomen dubium

Temnospondyli indet.

Argana Formation, Morocco

Metoposaurus azerouali
Dutuit, 1976;
Argana Formation, Morocco

Metoposaurus lyazidi
Dutuit, 1976;
Argana Formation, Morocco

Argana Formation, Morocco

Leidy, 1856 North Carolina
Metoposaurus ouazzoui Dutuitosaurus ouazzoui Dutuitosaurus ouazzoui
Dutuit, 1976; (Dutuit, 1976); (Dutuit, 1976);

Argana Formation, Morocco

Metoposauridae indet.

?

Arganasaurus lyazidi
(Dutuit, 1976);
Argana Formation, Morocco

Arganasaurus lyazidi
(Dutuit, 1976);
Argana Formation, Morocco

them as M. diagnosticus (see below). Hunt (1993) assigned
the skull of Metoposaurus diagnosticus from Schilfsand-
stein, stored in NHM, to Buettneria perfecta, but arguments
against this are presented below. There are few reports on
metoposaurids from Europe outside Germany: “Metopias™
diagnosticus for fossils from the Rhaetic Penarth Group of
Aust Cliff, England (Miall 1875, cited after Hunt 1993)
which are probably lost, and “Metopias” santaecrucis

Koken, 1913 from the upper Raibl beds, Austria. I agree with
Hunt (1993) and Schoch and Milner (2000) who questioned
this affiliation and considered the species a nomen dubium.

It follows that all the identifiable metoposaurid remains
from Europe may belong to a single species—~Metoposaurus
diagnosticus. The unusually good state of preservation of the
fossils from Krasiejéw enables a more detailed comparison
of the European and American materials.

http://www.paleo.pan.pl/acta/acta47/app47-535.pdf
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Fig. 2. Metoposaurus diagnosticus diagnosticus Meyer, 1842. The anterior
part of the skull SMNS 10825, the holotype. Schilfsandstein at Feuerbacher
Heide near Stuttgart.

Colbert and Imbrie (1956) reviewed data on the American
species and compared them with European metoposaurids.
They recognized four species from America (Table 1). Hunt
(1993) proposed a different approach and recognized three
species: Buettneria perfecta Case, 1922 from the locality
Sand Creek, Crosby County, Texas; Buettneria bakeri Case,
1931 from the Camp Springs Member of the Dockum Forma-
tion, Texas; and a new species Apachesaurus gregorii Hunt,
1993 from a locality in Quay County, New Mexico. They dif-
fer primarily in the position of the lacrimal, as far as the skull
roof pattern is concerned. In all the papers on the taxonomy
of the Metoposauridae, this feature has been recognized as
important.

The lacrimal.—It has been generally believed that within
the Metoposauridae the species differ in the relative position
of the lacrimal with respect to the orbit. Fraas (1889) de-
scribed Metoposaurus diagnosticus as having the lacrimal
excluded from the orbital margin. The skulls of M. diagno-
sticus from Stuttgart and Ebrach housed at SMNS show that
the shape and position of the lacrimal as interpreted by Fraas
(1889) are not accurate. The new well-preserved metopo-
saurid material from Krasiejow discussed here helps to deter-
mine the actual condition of this character.

In the holotype of M. diagnosticus SMNS 10825, the su-
tures of the lacrimal are only partly visible (Fig. 2). The su-
tures of the lacrimal with the prefrontal, the nasal, and par-
tially with the maxilla are well preserved on both sides of the
skull. On the left side, the lateral border of the prefrontal
reaches the orbital margin in its anterolateral quarter. The
preservation of the bones (lacrimal or/and jugal), which con-
tact with the prefrontal at this border, is poor. The lacri-
mal-jugal suture is not recognizable, so it remains unknown
whether it reaches the prefrontal or the orbital margin. On the
right side, the margin of the prefrontal is preserved, but its
termination at the orbital margin is not visible. On this side
the lacrimal-jugal suture is visible as an indistinct furrow,
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which runs at a low angle to the margin of the orbit, as in
other skulls from Germany and Krasiejéw. The lacrimal con-
tributes a little less than a quarter to the orbital margin (Figs.
2, 3). It is longer than it is wide and extends anteromedially.
The anterior part of the lacrimal is sutured to the nasal and the
maxilla, and is wider than the posterior part of the bone. Its
posterior tip is spindle-shaped with the external edge contact-
ing the jugal.

In SMNS 80573, an impression of the right lacrimal is
visible on the left side. The sutures with the prefrontal, the
nasal, and the jugal are preserved in negative relief as narrow,
continuous grooves. The edge of the impression probably
corresponds to the lacrimal-maxilla suture. The lacrimal-
jugal suture runs at a low angle to the margin of the orbit. The
lacrimal-prefrontal suture reaches the orbital margin in its
most anterior part. Posteromedial border of the lacrimal con-
tributes to significant part of the anterolateral quarter of the
orbital margin.

On the left side of SMNS 56633 the lacrimal is poorly
preserved; on the right side its sutures with the prefrontal, the
nasal, and partially with the jugal are visible. The lacri-
mal-jugal suture runs at a low angle to the margin of the orbit.
Only the termination of the lacrimal-prefrontal suture on the
orbital margin is preserved. The lacrimal contributes to a
small part of the anterolateral quarter of the orbital mar-
gin. The almost complete skull of a metoposaurid from Feuer-
bacher Heide, Schilfsandstein, housed in the Natural History

premaxilla

Scm‘

quadratojugal

postparietal

Fig. 3. Metoposaurus diagnosticus diagnosticus Meyer, 1842. The dorsal
view of the skull SMNS 10825, the holotype. Note the shape of the lacrimal.
Schilfsandstein at Feuerbacher Heide near Stuttgart.
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maxilla
lacrimal

post-
frontal
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orbital

quadratojugal  stapes tabular

postparietal exoccipital

Fig. 4. Metoposaurus diagnosticus krasiejowensis subsp. nov. A. The skull roof ZPAL Ab III 358, the holotype. B. Explanatory drawing of the same.

Drawno Beds at Krasiejéw. Scale bars 10 cm.

Museum, London (Watson 1919) was identified by Lyddeker
(1890) as M. diagnosticus. I have not had an opportunity to
examine this specimen (NHM 37938), but its photograph
published by Hunt (1993) shows that the lacrimal enters the
orbit. Hunt (1993) identified it as Buettneria perfecta based
on this feature considered by him to be diagnostic for the ge-
nus. Schoch and Milner (2000) attributed it to Metoposaurus
sp., but they questioned the origin of this skull. In fact, the
shape and position of the lacrimal is the same as in the
holotype of M. diagnosticus.

In the material from Krasiejow, the lacrimal is visible in
ZPAL AbIII 11, 13,358, 682, 684, and 688. The shape of the
lacrimal is presented in Fig. 4. The variability of this feature
is low and the specimens do not differ in this respect from the
holotype of Metoposaurus diagnosticus.

These data on the morphology of the lacrimal of Metopo-
saurus diagnosticus challenge the opinions presented by ear-
lier authors. Fraas (1889) wrote that in M. diagnosticus the
lacrimal is completely excluded from the edge of the orbit,
and that plate of the lacrimal is wider than long and resembles
in form and size the lacrimal of Cyclotosaurus. The skulls of
metoposaurids studied by Fraas were poorly preserved and it
is possible that he might have based his interpretation of the

shape of the lacrimal largely on his knowledge of the much
better preserved cyclotosaur fossils.

New evidence obtained from both the holotype of M.
diagnosticus and the metoposaur skulls from Krasiejow,
along with previously known data on the pattern of the lacri-
mal in the specimen SNMS 37 probably from the Schilf-
sandstein, indicate that in all European metoposaurs the lacri-
mal enters the orbital margin. They do not differ in this re-
spect from the populations of Buettneria perfecta Case, 1922
(sensu Hunt 1993) from North America. This feature distin-
guishes all these populations from Buettneria bakeri Case,
1931 and Apachesaurus gregorii Hunt, 1993 of North Amer-
ica, and from Dutuitosaurus ouazzoui (Dutuit, 1976) and
Arganasaurus lyazidi (Dutuit, 1976) from Morocco (Hunt
1993); their lacrimal is excluded from the orbital margin. The
new data on the lacrimal topography in European Meto-
posaurus appear to invalidate Hunt’s conclusions about the
generic status of American B. bakeri, as well as his attribu-
tion of the skull SMNS 37 from the British Museum collec-
tion to Buettneria. In this light, the actual generic status of the
Indian Metoposaurus maleriensis, also assigned by Hunt to
Buettneria, remains open to question.

The clavicle.—Colbert and Imbrie (1956) pointed out the ex-
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Fig. 5. Metoposaurus diagnosticus krasiejowensis subsp. nov. Contours of the clavicle plates (in ventral view) restored in natural position (anterior is up).
A.ZPAL Ab III 306. B. ZPAL Ab III 72. C. ZPAL Ab 111 333. D. ZPAL Ab III 143. E. ZPAL Ab III 87.

tent of contact of the clavicles as a feature differentiating the
Old World species from the North American ones. My stud-
ies on the material from Krasiejow and a comparison with the
morphology of the clavicles of Buettneria bakeri (Case
1931) challenge this conclusion. The only complete clavicles
of Metoposaurus diagnosticus from Germany belong to the
articulated unnumbered specimen from SMNS described by
Fraas (1889). The clavicles touch each other at their anterior
part. The contact line is long and straight, begining at the an-
terior part of the clavicle and ending where the clavicles sep-
arate from each other and a sculptured area of the inter-
clavicle begins. Such a long medial contact is quite excep-
tional among the Metoposauridae.

Unfortunately, articulated shoulder girdles are very rare
and any assessment of the patterns of clavicular median con-
tact may be made only indirectly, based on the shape of the
clavicle plate. The clavicles from Krasiejow show a great de-
gree of variation (Figs. 5). Specimens ZPAL Ab III 143 have
their medial edges almost straight (long medial contact) and
the anterior parts of the plate are relatively narrow. In ZPAL
Ab III 87 and 333, the anterior part is relatively wide, while in
ZPAL Ab III 306 the anterior part of the medial edge is con-
cave. Accordingly, the contact of the clavicle with its coun-
terpart in the specimens from Krasiejéw in most cases ap-
pears to be rather short (Fig. 6).

Hunt (1993) and Long and Murry (1995) recognized the
long and straight contact of clavicles in M. diagnosticus as di-
agnostic for this species. However, the metoposaurids from
North America exhibit a great diversity of the shape of the
clavicle plate. For instance, the shape of the contact of the
posterior part of the clavicle plate with the interclavicle is
very variable in Buettneria bakeri (Case 1932: pls. IV-VII).
This contact may be a straight line as in UMMP 13912, or the
medial edge of posterior part may have a swelling. This can-
not be an expression of sexual dimorphism as there are transi-
tions between these extremes. Additionally the shape of the
anterior part of the clavicle plate is variable in B. bakeri. It

may end very sharply, as in the clavicle UMMP 13895,
which is rather narrow or it may be obtuse and much wider
(UMMP 13903). The lateral edge of the clavicle may also
vary. It can be straight (UMMP 13824), or curved as in
UMMP 13895 (Case 1932). Such diversity appears to char-
acterize all the species of the Metoposauridae.

Colbert and Imbrie (1956: fig. 11) presented clavicle
plates of three species of metoposaurs that differ from one an-
other. The authors indicated this as the difference between M.
diagnosticus and the American species. The first has “lines of
contact” with clavicles of the opposite side, whereas the sec-
ond has “points of contact”. Although the difference is obvi-
ous, Colbert and Imbrie (1956) did not recognize it as diag-
nostic, probably in the light of the extensive variability of this
feature in other metoposaurids. It seems that the reconstruc-
tion of the pectoral girdle of cf. Metoposaurus diagnosticus
with a short contact of clavicles presented by Werneburg
(1990) is accurate for the European metoposaurids. Five
clavicles studied from Krasiejow show that the contact with
their counterparts differs from that proposed for M. diagno-
sticus by earlier authors. There are two morphological vari-
ants of the anterior part of the clavicle plate, narrow and wide
(Fig. 5). However, the sample is still too small to allow any-
thing more than to note that the shape of the clavicle plate is
variable in the material from Krasiejéw, and short contact is
more common, as in other genera of Metoposauridae. The
extent of variation in the German subspecies remains un-
known (although, on general grounds, the shorter contact is
supposed to be more common). This indicates that the shape
of the anterior part of the clavicle plate cannot be used to dis-
tinguish the European and American species.

The interclavicle—Among the metoposaurids, the inter-
clavicle has two kinds of ornamentation on the ventral side.
The middle of the bone is covered with rounded and hexago-
nal depressions, and the rest of sculptured area is covered
with radial grooves. The shape of the sculpture of the inter-
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Metoposaurus

rounded and hexagonal pits

541

clavicle

interclavicle

D

Buettneria

Fig. 6. The reconstructions of pectoral girdle of Metoposaurus from Europe (based on Ab III 333 clacivula and Ab III 317 inter clavicula) and Buettneria
(without the left clavicle; based on Hunt 1993: fig. 9B, WT uncatalogued) from North America and India. Comparison of patterns of the sculpture of

interclavicles, and position of the clavicles.

clavicle was used to separate the Old World metoposaurids
from those of the New World; Colbert and Imbrie (1956:
428) stated: “[...] In Metoposaurus of Europe there is a very
small area of rounded or hexagonal depressions at the very
middle of the interclavicle, and from this area long grooves
radiate laterally to all edges of the bone. In American meto-
posaurs, on the other hand, the area of rounded pits is of con-
siderable extent, and the development of long grooves ex-
tending radially to the edges of the bone is correspondingly
reduced”. Hunt (1993), and Long and Murry (1995) ac-
knowledged that this character distinguishes Metoposaurus
from the American species Buettneria and Apachesaurus.
This agrees with my observations on the material from Kra-
siejow and Germany (Figs. 6-8).

The interclavicles from Germany and Poland come from
various horizons. Specimens from Poland were found in one
horizon at Krasiejéw (coeval with the Lehrberg Beds) and as
their variability is continuous, they must belong to a single
species. The interclavicles from Germany come from the
Schilfsandstein, the Lehrberg Beds, and the Blasensandstein
and were determined as Metoposaurus diagnosticus (Colbert
and Imbrie 1956; Kuhn 1936; Werneburg 1990, 1991). The
interclavicles from Poland and Germany belong to the same
species.

The course of the lateral line grooves in the skull. —In all
photographs of M. diagnosticus presented by Fraas (1889)
the supraorbital groove ends on the postfrontal. Additionally,
Moodie (1908) described M. diagnosticus with such mor-
phology of these grooves. However, Colbert and Imbrie

(1956) illustrated M. diagnosticus with the supraorbital
groove connected with postorbital groove. Milner (1994)
used this feature to recognize Metoposaurus as the oldest
grade of the family. The material from Poland and studies of
the German metoposaurids show that in Metoposaurus diag-
nosticus the supraorbital groove actually ends on the post-
frontal (Fig. 3) and does not contact the postorbital groove.

Case (1922) claimed that a continuous lateral-line loop
behind the orbits is present in Buettneria perfecta. However
in many published photographs (for instance, Hunt 1993:
figs. 7 and 8) and drawings (Sawin 1945: figs. 2 and 3), the
grooves discussed are typically disconnected in this species.
According to Moodie (1908), in Anaschizma browni (Meto-
posauridae indet. of Hunt 1993) the presence of such a loop
depends on the age of the individual. Of the two skulls stud-
ied by him, only the larger one shows a connection between
the supraorbital and postorbital grooves. Such a connection
of grooves occurs in many temnospondyls and it seems that
the American materials require revision in this respect.

Possible interrelationships of
European metoposaurs

Because some species from North America have a closed
loop of the lateral line grooves around the orbits, this may be
a feature distinguishing European metoposaurids from some
American ones. The lateral line grooves, ornamentation of
the interclavicle, and position of the lacrimal are the same in
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all populations from Europe, but there are still some differ-
ences with respect to at least one character of the skull dermal
roof between the populations from Germany and Poland. As
was mentioned above, the metoposaurids from the German
Keuper are known from the stratigraphic interval spanning
the Schilfsandstein, Rote Wand, Lehrberg Beds, and Kiesel-
sandstein with its equivalents, whereas Polish finds come

ACTA PALAEONTOLOGICA POLONICA 47 (3), 2002

Fig. 7. Metoposaurus diagnosti-
cus krasiejowensis subsp. nov.
Ventral side of the interclavicle.
A.ZPAL Ab 111 92. B. ZPAL Ab
11190 Drawno Beds at Krasiejow.
In both specimens, the small area
with pitted ornament is visible. In
this respect the European meto-
posaurids differ from those from
North America. Scale bars 2 cm.

from the level correlated by Dzik et al. (2000) with the
Lehrberg Beds. The only difference detectable at the present
state of knowledge is the shape of the parietals. Possible im-
plications of this difference are discussed below.

The parietal. —Populations of metoposaurids from Ger-
manic Basin show differences in the expansion angle of the
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Fig. 8. Reconstruction of the interclavicle of Metoposaurus diagnosticus
krasiejowensis subsp. nov. in ventral view. The drawing based on ZPAL Ab
III 317.

sutures separating the parietal from the supratemporals (from
now on called “the angle of the parietal”’) and in the length of
the prepineal part of the parietal.

The values of the parietal angle cluster in two groups
(Figs. 9 and 10). In skulls from Wiirtembergs (Schilfsand-

SMNS SMNS

Wiurtembergs
10825 SMNS 1010

SMNS

4943 SMNS
SMNS
56633

L fo

stein, Rote Wand and Kieselsandstein) the mean value of the
angle is 12°42’ (standard deviation 3°30’), while for those
from Krasiejow it is 22°30° (standard deviation 2°18”). This
feature probably does not change during ontogeny, as there is
no correspondence with developmental stages, as indicated
by the width of skulls. The length of the parietal of the skull
from Kieselsandstein is similar to those from Krasiejéw in
that they have shorter parietals than the populations from
Schilfsandstein and Rote Wand (Fig. 10B). It seems that the
length of the parietal is more important (as will be explained
below) in distinguishing the European metoposaurs and dis-
crimination of their two populations (Fig. 10A). Older popu-
lation contains the skulls from Schilfsandstein and Rote
Wand. They have mean values of the parietal angle of 12°48’
(standard deviation 3°54°), while those from Krasiejow and
Kieselsandstein 21°48’ (standard deviation 3°30). The skull
from Blasensandstein (equivalent of Kieselsandstein) at
Ebrach, which Kuhn (1932) labeled M. heimi, was not in-
cluded into this comparison, because I had no opportunity to
study it.

Developmental interpretation.—In temnospondyls the
skulls of adult specimens have two kinds of ornamentation of
the dermal bones (Sdve-Soderbergh 1937). There are isomet-
ric pits and grooves. The isometric pits cover the whole skull
roof in juvenile individuals (Warren and Hutchinson 1988)
and only some parts in adults. In advanced trematosauroids
(sensu Schoch and Milner 2000) grooves occur in adults
mainly in two zones, between the orbits and nares and behind
the orbits. The grooves develop during ontogeny in zones
where bones grow extensively in length. The proportions be-
tween preorbital and postorbital zones of intense growth
changed during the evolution of the group. Along the phylo-
genetic lineage from the platystegids to metoposaurids
(Schoch and Milner 2000), the postorbital zone increases
whereas the preorbital zone decreases, resulting in a shift of
orbits towards the tip of the snout. The prepineal part of the
parietal contributes to the postorbital zone (Fig. 11). The ob-
served differences in the development of this part of the skull

Wirtembergs Krasiejow

Schilfsandstein Drawno beds

nnumbered, 50 mm
@@ skull width
skuII W|dth [mm] 312-325 mm
1
50! 0

100
skull width
238-246 mm
ZPAL ZPAL
L ZPAL ABIIl6 ZPAL ABIII 11 ZPAL ZPAL
Krasiejow ABIIl 116 Ab lll 4 Ablll 3 Ab lll 10

Fig. 9. Shapes of parietals in specimens of Metoposaurus diagnosticus diagnosticus (from Wiirtembergs) and Metoposaurus diagnosticus krasiejowensis
subsp. nov. (from Krasiejow). The bones are according to the skull width as an indication of ontogenetic advancement. On the right are shown the parietals

from skulls of similar width.
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Fig. 10. Scatterplots of the angle of forward
widening of the parietal (A) and length of the
prepineal part of the parietal (B) against val-
ues for skull width for specimens of Metopo-
saurus diagnosticus diagnosticus (diamonds)
and Metoposaurus diagnosticus krasiejowen-
sis (dots). For skulls SMNS 4943 and SMNS
80573 the width was extrapolated from the
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in European metoposaurids may express the evolution of this
pattern. These changes probably affected the whole skull, but
the material from Germany is too fragmentary to determine
this with certainty.

The origin of such distinction within the European meto-
posaurids is not clear. The difference in the value of parietal
angle separates the populations from the western and eastern
parts of the Germanic Basin and may require a biogeographic
explanation. However, the differences in the length of this
bone indicate a change that reflects chronological variation
rather than spatial variation. The younger population from
Krasiejow and Kieselsandstein has shorter prepineal part of
the parietal and a wider anterior part (greater parietal angle).
This may indicate that, in comparison to their ancestors from
the Schilfsandstein and Rote Wand, postorbital zone of ex-
tensive growth developed more in width than in length. This
would be a reversal of the earlier trend to elongate the
postorbital part of the skull observed in phylogenetic history
of the metoposaurids. It appears that the ontogeny of the skull
changed after the anterior shift of the orbits occurred in the
group’s evolution.

340

distance between the orbit and otic notch ac-
cording to the proportions of other skulls
from Germany.

380 420

The difference between the population from Krasiejow
and the type population of Metoposaurus diagnosticus is so
great that standard deviations from the mean do not overlap
(Fig. 10). This enables the discrimination of two separate
subspecies within the species Metoposaurus diagnosticus.
The material from Germany is too scarce to clarify if these
were temporal subspecies or geographical races. The choice
between these interpretations depends on one skull from the
Kieselsandstein. It seems that the temporal explanation is
methodologically more parsimonious, because the introduc-
tion of geographical races would require the identification of
geographical barrier that separated the ranges of the subspe-
cies.

Conclusions and diagnosis of the
new taxon

Only one species of the stereospondyl family Metopo-
sauridae is known from the Middle Keuper of Central Eu-
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Fig. 11. Metoposaurus diagnosticus krasiejowensis subsp. nov. Schematic
presentation of the distribution of zones of intense growth (shaded).

rope, Metoposaurus diagnosticus. It had the lacrimal enter-
ing the orbit, the supraorbital groove terminating on the
postfrontal, and a rather small area with pitted ornament in
the middle of the interclavicle. It is possible to distinguish
two subspecies, one geologically older, occurring in the
Schilfsandstein and Rote Wand, and the other, occurring in
the Kieselsandstein, Lehrberg Beds and their equivalent
Drawno Beds. They differ mostly in the degree of elongation
of the prepineal zone of the parietals. A new subspecies
Metoposaurus diagnosticus krasiejowensis is proposed for
the younger subspecies.

Temnospondyli Zittel, 1888
Stereospondyli Fraas, 1889
Family Metoposauridae Watson, 1919

Genus Metoposaurus Lydekker, 1890
Metopias Miall, 1875.
Buettneria in part: Hunt 1993; Hunt 1993: 78-79, fig. 8.

Revised diagnosis.—Metoposaurus differs from Apache-
saurus Hunt, 1993; Arganasaurus Hunt, 1993; Dutuito-
saurus Hunt, 1993; and Buettneria bakeri Case, 1931 in the
position of the lacrimal which enters the orbital margin. It
differs from Buettneria Case, 1922 and Apachesaurus Hunt,
1993 in the smaller area with sculpture formed by the isomet-
ric pits of the interclavicle. It is a monotypic genus with a sin-
gle species Metoposaurus diagnosticus represented by two
subspecies.

Metoposaurus diagnosticus von Meyer, 1842
Metoposaurus stuttgartiensis Fraas, 1913.

Metoposaurus heimi Kuhn, 1932.

Buettneria perfecta in part: Hunt 1993; Hunt 1993: 78-79, fig. 8.

Metoposaurus diagnosticus krasiejowensis subsp. nov.
Holotype: ZPAL Ab 111 358, Fig. 4.

Type locality: Krasiejow, Opole Silesia, Poland.

Type horizon: Late Carnian, probably Drawno Beds coeval to the
Lehrberg Beds of Germany.

Diagnosis.—The new subspecies differs from the nominal
Metoposaurus diagnosticus diagnosticus in the much shorter
prepineal part of the parietal and in the higher value of the ex-
pansion angle of the sutures separating the parietal from the
supratemporal. The mean value for the angle is 21.81 (stan-
dard deviation 3.51), in contrast with the mean value 12.81
(standard deviation 3.91) in the nominal subspecies. Onto-
genetically, the length of the parietal follows the regression
formula y = 0.29x — 5.74 in the new subspecies, in contrast
with y =0.31x + 4.59 in the nominal subspecies (y, length of
prepineal part of parietal; x, skull width).

Etymology.—From the name of the village Krasiejow, the
type locality.

Refered specimens.—Drawno beds (Krasiejow) all studied
materials specimens, Lehrberg beds (Stuttgart) SMNS
11423, and Kieselsandstein (Fichtenberg) SMNS 80573.
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