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The taxonomy and anatomy of rauisuchian archosaurs
from the Late Triassic of Germany and Poland

STEPHEN L. BRUSATTE, RICHARD J. BUTLER, TOMASZ SULEJ,

and GRZEGORZ NIEDŹWIEDZKI

Brusatte, S.L., Butler, R.J., Sulej, T., and Niedźwiedzki, G. 2009. The taxonomy and anatomy of rauisuchian archosaurs from

the Late Triassic of Germany and Poland. Acta Palaeontologica Polonica 54 (2): 221–230. DOI: 10.4202/app.2008.0065

The German Late Triassic archosaur Teratosaurus suevicus is a historically important taxon, being the first described

rauisuchian. Unfortunately the holotype is a single element, a maxilla, which is poorly preserved and incomplete. We

redescribe this maxilla and identify a single potential autapomorphy. The fragmentary type specimen complicates

attempts to refer additional material to this taxon, and other unassociated archosaur and rauisuchian specimens from

the Mittlerer Stubensandstein of Germany cannot be referred to T. suevicus with any degree of confidence. The strati−

graphically older T. silesiacus, from the upper Carnian of Poland, is represented by a much more complete and better

preserved specimen. Comparison of the maxillae of T. suevicus and T. silesiacus reveals that the two are distinct taxa,

contra recent suggestions, but also that they do not share any synapomorphies or a unique combination of characters

relative to Postosuchus kirkpatricki and other rauisuchians. Thus, the Polish material must be transferred to a new

genus, Polonosuchus gen. nov. Both Polonosuchus and Teratosaurus are very similar to Postosuchus kirkpatricki, and

the three taxa are likely closely related.
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Introduction

During the Middle–Late Triassic, prior to the origination and
diversification of theropod dinosaurs, a group of crocodile−
line archosaurs called rauisuchians filled the large predator
niche in many terrestrial ecosystems (Gower 2000). Over 20
rauisuchians have been named, beginning with Teratosaurus
suevicus, described by Meyer (1861) on the basis of a single
maxilla from the Norian of Germany (Figs. 1, 2). Long mis−
takenly believed to represent a theropod dinosaur, Terato−
saurus is now regarded as a characteristic rauisuchian which
was among the largest terrestrial predators in the Late Trias−
sic of central Europe (Galton 1985; Benton 1986).

Since 1993, teams from the Institute of Paleobiology
(Polish Academy of Sciences, Warsaw) led by Jerzy Dzik
and TS have collected remains of Late Triassic vertebrates,
invertebrates, and plants from the Krasiejów main claypit
near Opole in southwest Poland. Fossils at this locality occur
within an extensive lacustrine marly claystone horizon, and

in claystone lenses within fluviatile cross−laminated mud−
stones (Dzik and Sulej 2007). Tetrapod remains are abun−
dant, and include temnospondyls (Sulej 2002, 2007; Sulej
and Majer 2004), phytosaurs (Dzik 2001; Dzik and Sulej
2007), aetosaurs (Sulej in press), the dinosauriform Sile−
saurus (Dzik 2003), and rare remains of rauisuchians (Sulej
2005). Reviews of the flora and fauna suggest a late Carnian
age for this locality (Dzik and Sulej 2007).

Sulej (2005) described an associated specimen (ZPAL
AbIII/563) comprising a partial skull (Fig. 3) and postcra−
nium of a rauisuchian archosaur from the upper deltaic hori−
zon at Krasiejów. Sulej (2005) noted strong similarities be−
tween the maxilla of this specimen (Fig. 3) and the holotype
maxilla of Teratosaurus suevicus from the Norian of Ger−
many (Figs. 1, 2; NHM 38646, formerly BMNH R38646).
However, Sulej (2005) also recognised a number of charac−
ters that distinguish the two maxillae, and further noted an
apparent temporal gap (of around 4 Ma, and maybe as long as
8 Ma) between the Polish and German specimens. As a re−
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sult, Sulej (2005) described the Krasiejów specimen as a new
species, Teratosaurus silesiacus. Later, in a review of tetra−
pods from Krasiejów, Lucas et al. (2007) dismissed the dif−
ferences between the Polish and German specimens reported
by Sulej (2005) and asserted that T. silesiacus is a junior syn−
onym of T. suevicus.

We here provide an expanded description of NHM 38646
that supplements previous data (Galton 1985; Benton 1986)
and allows for a more detailed comparison with the Polish
material. We note several differences between the holotype
of T. suevicus and the Polish specimens, which not only chal−
lenge the taxonomic assertions of Lucas et al. (2007), but in−
dicate that there are no diagnostic characters—either unique
synapomorphies or even a combination of characters—that
unite the two supposed species of Teratosaurus to the exclu−
sion of other rauisuchians. This necessitates removal of “T.”
silesiacus from Teratosaurus, and requires the erection of a
new generic name for the Polish material.

Institutional abbreviations.—NHM (formerly BMNH), Nat−
ural History Museum, London, UK; SMNS, Staatliches
Museum für Naturkunde, Stuttgart, Germany; TTUP, Texas
Technical University Museum, Lubbock, Texas, USA;
ZPAL, Institute of Paleobiology, Polish Academy of Sci−
ences, Warsaw, Poland.

Systematic palaeontology

Archosauria Cope, 1869

Crurotarsi Sereno and Arcucci, 1990

?Rauisuchia Huene, 1942

?Rauisuchidae Huene, 1942

Teratosaurus Meyer, 1861
Type species: Teratosaurus suevicus Meyer, 1861.

Diagnosis.—Same as for the only known species.

Teratosaurus suevicus Meyer, 1861
Holotype: NHM 38646, right maxilla.

Type horizon: Mittlerer Stubensandstein, Mittelkeuper (Late Triassic:
?middle Norian).

Type locality: Heslach, near Stuttgart, Germany, approximately 48.75�

N 9.14� E (for further details, see Benton 1986).

Emended diagnosis.—Rauisuchian archosaur distinguished
from all other rauisuchians by the possession of an autapo−
morphic prominent and sharp groove for the dental lamina on
the medial surface of the maxilla, below which is a distinc−
tive step separating the medial surface of the main body and
the interdental plates. Differentiated from “T.” silesiacus by:
a groove for the dental lamina (and associated tooth replace−
ment foramina) deflected rostroventrally between alveoli 1
and 2; first maxillary alveolus smaller than subsequent alve−
oli; ventral margin of the maxilla convex anteriorly and
straight posteriorly; the caudoventral groove on medial sur−
face of the palatal process long and deep; absence of a promi−

nent and sharply defined caudodorsally arched ridge extend−
ing from the base of the palatal process; absence of a deep
fossa present dorsal to the palatal process.

Remarks.—Galton (1985) referred multiple teeth (NHM
38647, 38648; SMNS 5212, 9918, 53535, 53536) from the
Mittlerer Stubensandstein of Germany to Teratosaurus, but
we conservatively consider these Archosauria indet., as their
fragmentary nature means that they do not possess clear di−
agnostic features of either the genus or species, and could
conceivably belong to large theropod dinosaurs or any car−
nivorous archosauriform clade. Galton (1985: 9) suggested
that a referred ilium, SMNS 52972, “may” have come from
the same quarry at Heslach as the holotype, and could even
represent the same individual. However, this cannot be con−
firmed from available locality data, and so we remove this
specimen from the hypodigm of T. suevicus, pending the dis−
covery of associated rauisuchian material from the Mittlerer
Stubensandstein. We conservatively consider the ilium as
Rauisuchia indet.: it possesses a dorsally−trending ridge above
the acetabulum, as is characteristic of rauisuchians (Gower
2000; Brusatte et al. 2008, in press) and is extremely similar
to the ilia of large rauisuchians in overall morphology
(Huene 1942; Krebs 1965; Sill 1974; Chatterjee 1985; Sen
2005; Gower and Schoch 2009).

Several authors, beginning with Galton (1985), suggested
that SMNS 52972 belongs to a “poposauroid” rauisuchian—
a term that has long had a vague meaning due to lack of
well−constrained phylogenies, a paucity of phylogenetic def−
initions for discrete clades, and the long−time chimaeric na−
ture of Postosuchus (which was originally described based
on the material of three taxa: one “rauisuchid” and two
“poposauroids,” clade terminology sensu Brusatte et al. 2008;
Long and Murry 1995). Recent phylogenetic analyses have
recovered a discrete clade centered on Poposaurus, which
includes taxa such as Arizonasaurus, Effigia, Lotosaurus,
and Shuvosaurus to the exclusion of the large, quadrupedal,
predatory “rauisuchids” (e.g., Batrachotomus, Postosuchus,
Prestosuchus, Saurosuchus, Teratosaurus) (Nesbitt 2007;
Weinbaum and Hungerbühler 2007; Brusatte et al. 2008, in
press). This clade has been defined as Poposauroidea (Wein−
baum and Hungerbühler 2007). The ilium SMNS 52972
lacks three characters diagnostic of Poposauroidea or slightly
less inclusive ingroup clades in the analysis of Brusatte et al.
(2008, in press): a crest above the acetabulum that trends
anterodorsally, a deep fossa anterior to the crest, and an artic−
ulation for the first sacral rib reaching the anterior margin of
the preacetabular process medially. Thus, SMNS 52972 can−
not be referred to Poposauroidea based on current concepts
and definitions of this group, and instead is much more simi−
lar to the ilia of large “rauisuchids” such as Postosuchus.

A number of characters previously proposed as diagnostic
of Teratosaurus (Galton 1985; Sulej 2005) can no longer be
considered valid. Several of these characters refer to elements
not preserved in the holotype of the genus (e.g., the pre−
maxilla, nasals, prefrontals, ilium, osteoderms, etc.). Three
characters of the maxilla have previously been proposed as di−
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agnostic: (1) 13 maxillary alveoli (Galton 1985; Sulej 2005);
(2) palatal process is large (Sulej 2005); (3) suture between the
maxilla and lacrimal is V−shaped (Galton 1985; Sulej 2005).
Thirteen maxillary teeth and a large palatal process are both
features also present in other rauisuchians, most notably
Postosuchus kirkpatricki (Chatterjee 1985). The nature of the
suture between the maxilla and the lacrimal cannot be assessed
in the type specimen of T. suevicus (NHM 38646), because
this area of the maxilla is broken and not fully prepared (see
below). Similarly, in T. silesiacus this part of the maxilla is
broken (Sulej 2005: fig. 1A, D), and the exact morphology of
the suture cannot be determined.

Redescription.—First described and figured by Meyer (1861),
the holotype maxilla of Teratosaurus suevicus was re−de−
scribed briefly by Benton (1986) and Galton (1985). The best
published photographs of the specimen were provided by
Galton (1985: pl. 1) and an accurate line−drawing was pro−
vided by Benton (1986: fig. 1). Galton’s (1985: fig. 3A)
line−drawing is inaccurate in both its proportions and in the
topographical relationships of several anatomical features; for
example, his figure shows the ‘infraorbital foramen’ posi−
tioned ventral to the sutural surface for the palatine, when this
foramen is actually positioned dorsal to the sutural surface.

The specimen is a right maxilla and is preserved in two
pieces—most of the element is preserved as a single piece
(and was figured as such by Benton 1986: fig. 1), whereas the
rostrolateral corner of the maxilla is preserved separately (the
two pieces were figured in articulation by Galton 1985: pl. 1:
1). Here we figure the maxilla both without the second
smaller piece (Fig. 1A, C) and with that piece in place (Figs.

1B, 2). The maxilla is composed of a sub−rectangular main
body which is broken at its caudal end, as well as an ascend−
ing process. The caudodorsal portion of the ascending pro−
cess is partly unprepared, as noted by Benton (1986: caption
to fig. 1), and consists of whitish−grey sandstone and glue
(Fig. 1). Galton (1985) described this area as “well−pre−
served” and suggested that a V−shaped caudodorsal edge of
the ascending process might be a diagnostic character for the
species. Sulej (2005) also noted a supposed V−shaped notch
in the maxilla of T. silesiacus, and suggested that it might be
diagnostic for the genus (but see above). However, because
this area is not fully prepared in the holotype, it cannot be de−
termined if the observed V−shape is natural, or an artefact of
taphonomic processes, breakage, or reconstruction. Much of
the lateral surface of the maxilla is damaged, with the exter−
nal bone surface missing (Fig. 1A). As noted by Benton
(1986), the specimen is heavily cracked and has been re−
paired with glue and thickly coated with preservative in
places.

The main body of the maxilla is deep and transversely
compressed. The dorsal and ventral margins are approxi−
mately subparallel across their lengths, resulting in a rectangu−
lar−shaped main body that does not taper in depth posteriorly
in the region underneath the antorbital fenestra. In lateral view,
the ventral margin of the maxilla is nearly straight above alve−
oli 7–13, and gently convex above alveoli 1–6. Most of the lat−
eral surface of the main body is damaged, and nutrient foram−
ina can only be identified on the separate small rostrolateral
fragment: three (possibly four) foramina are present in an ir−
regularly spaced row above alveoli 1–3. Because of the dam−
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Fig. 1. Right maxilla of rauisuchian Teratosaurus suevicus Meyer, 1861 from Mittlerer Stubensandstein, Upper Triassic of Heslach, Germany, NHM

38646, holotype. Photographs in lateral (A), medial (B), and ventral (C) views. Designation “m” refers to maxillary tooth position.
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age to the lateral surface of the maxilla, a distinct border to the
antorbital fossa cannot be recognised. As in many rauisu−
chians, the antorbital fenestra is triangular in shape, and tapers
in dorsoventral depth anteriorly (Fig. 1A, B). The anterior
margin of the fenestra is smoothly rounded in Teratosaurus,
similar to the condition in Arganasuchus (Jalil and Peyer
2007), Batrachotomus (Gower 1999), Fasolasuchus (Bona−
parte 1981), and Postosuchus kirkpatricki (Chatterjee 1985).
Prestosuchus (Barberena 1978) and Saurosuchus (Alcober
2000) exhibit a slightly different morphology, in which the
fenestra tapers more sharply anteriorly, due to an ascending
ramus oriented closer to horizontal than in the taxa listed
above.

The ascending process projects caudodorsally at an angle
of approximately 35� to the long axis of the main body. Few
details of the morphology of this process can be determined
due to its poor preservation and incomplete preparation (see
above), although its rostral margin does appear to be slightly
thickened. It is clear that the maxilla does not possess a sepa−
rate rostral ramus, which in some rauisuchians is present as
a discrete projection separated from the ascending ramus by
a concave step; e.g., Arganasuchus (Jalil and Peyer 2007), Ari−
zonasaurus (Nesbitt 2005), Batrachotomus (Gower 1999), Effi−
gia (Nesbitt 2007), Fasolasuchus (Bonaparte 1981), Ticino−
suchus (Krebs 1965), Yarasuchus (Sen 2005). Instead, Terato−
saurus and other rauisuchians without a rostral ramus (e.g.,
Postosuchus kirkpatricki, Saurosuchus) exhibit a smoothly con−
tinuous and convex rostral margin of the ascending ramus.

At the rostral end of the main body, the maxilla possesses a
bevelled, rostromedially facing surface (parts of which are
present on both pieces of the maxilla) that would have laterally
overlapped the premaxilla (Figs. 1, 2). This surface is concave
both rostrocaudally and dorsoventrally. A similar articular
surface has been described for Batrachotomus (Gower 1999:
“a.pmx” on fig. 4) but in that taxon the surface is proportion−
ally shorter dorsoventrally and forms a more distinct lobe−like
process, restricted to the rostroventral corner of the main body.
Immediately dorsal and lateral to this articular surface, a fora−
men is present that opens into a caudodorsally extending canal
(Fig. 2B). As mentioned briefly by Galton (1985), the break−
age of the lateral surface of the maxilla has exposed the route
of this canal, which is represented by sediment infilling. The
canal arches caudodorsally, reaching its maximum dorsal po−
sition above alveolus 3; it then arches caudoventrally and ex−
pands in dorsoventral depth, and is visible until a point level
with the caudal margin of alveolus 4. This foramen and canal
was identified by Galton (1985: “fo” on fig. 1E, “f”, “c” on pl.
1: 1) as possibly housing a branch of the maxillary artery and
the inferior orbital nerve; we use the term rostrolateral fora−
men for this opening (Fig. 2; Sulej 2005: fig. 4A–C).

Galton (1985) suggested that a subnarial fenestra was pres−
ent between the premaxilla and maxilla in the holotype of
Teratosaurus. This opening is common in rauisuchians, and is
usually expressed as a dorsoventrally elongate slit that is at
least three times as deep as long anteroposteriorly; e.g., Posto−
suchus kirkpatricki (Chatterjee 1985), Saurosuchus (Alcober

2000), Yarasuchus (Sen 2005). However, some taxa possess a
smaller and more circular opening in this region, which is
likely a homologous feature (see discussion in Gower 2000;
e.g., Batrachotomus). Contra Galton (1985), the presence and
morphology of this opening cannot be reliably assessed in the
holotype of Teratosaurus, since the premaxilla is not pre−
served. Regardless, features of the maxilla suggest that this
opening may have been small or entirely absent. Most impor−
tantly, the rostral surface of the maxilla is nearly vertical and
lacks a distinct notch, which is often clearly visible in taxa that
possess a distinctive subnarial opening (Chatterjee 1985: fig.
3; Alcober 2000: fig. 11).

On the medial surface of the maxilla, immediately caudo−
dorsal to the premaxillary articular surface, there is a palatal
process (anteromedial process of Galton 1985), which is di−
rected rostroventrally, but is broken and incomplete at its
rostral margin (Figs. 1, 2). The rostrolateral portion of this
process is gently bevelled, probably for articulation with the
posteriorly projecting maxillary process of the premaxilla.
The preserved medial surface of the palatal process is gener−
ally convex along a rostrodorsal to caudoventral axis; how−
ever, at the caudoventral corner of the process this convexity
is broken by two subparallel rostroventral−to−caudodorsally
extending grooves. Of these two grooves, the more rostral in
position is shallow and subtly developed, whereas the more
caudal groove is deeply incised and at its posterior end
merges smoothly with the medial surface of the maxilla.
These grooves are likely for articulation with the opposing
maxilla, and possibly the vomer. The palatal process over−
hangs a large and deep foramen that opens into a caudo−
dorsally extending canal—this is the rostromedial foramen
(Fig. 2; Sulej 2005) and is approximately twice the size of the
rostrolateral foramen described above.

The medial surface of the maxilla is generally well−pre−
served (Fig. 1B). The most prominent feature of the medial
surface is a deep and sharp groove, which separates the main
body of the maxilla from the interdental plates. This groove,
identified by Galton (1985) as the “dental groove”, is present
in archosaurs generally, and likely housed the soft tissue den−
tal lamina (Edmund 1960; Brusatte and Sereno 2007). How−
ever, in T. suevicus the groove is especially prominent and
sharp, and demarcates a distinct step between the main body
and the interdental plates. The groove is not as sharp or dis−
tinct in T. silesiacus (ZPAL AbIII/563), Postosuchus kirk−
patricki (TTUP 9000), and other rauisuchians in general, and
its morphology is thus autapomorphic for T. suevicus. Ven−
tral to the groove, the interdental plates are fused into a con−
tinuous lamina, and even the much smaller posterior plates
are heavily fused. Fusion of the interdental plates is uncom−
mon in crurotarsans, but is also present in Postosuchus kirk−
patricki (TTUP 9000) and Fasolasuchus (Bonaparte 1981),
and may be phylogenetically informative. The plates are
unfused in T. silesiacus (ZPAL AbIII/563). Despite the fu−
sion, it is apparent that individual plates of T. suevicus are
large and nearly square shaped anteriorly, the largest being
above alveoli 2–4, but taper in depth and become more trian−

224 ACTA PALAEONTOLOGICA POLONICA 54 (2), 2009

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 06 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



gular posteriorly. Their medial surfaces are covered in a se−
ries of fine pits, which results in a roughened surface texture.
Dorsally, the plates are separated by small replacement fo−
ramina, one for each tooth, which run along the sharp groove
for the dental lamina. Ventrally, adjacent plates are separated
by small triangular notches.

A prominent elliptical depression on the medial surface,
above alveolus 7, was identified as the infraorbital foramen
by Galton (1985). This feature is also present in Argana−
suchus (Jalil and Peyer 2007), Arizonasaurus (Nesbitt 2005),
Batrachotomus (Gower 1999), and Postosuchus kirkpatricki
(Chatterjee 1985), and is probably a more general archosaur
character. Other depressions on the medial surface may also
represent foramina (e.g., Benton 1986: fig. 1), but are incom−
pletely preserved and cannot be distinguished unambigu−
ously from damage. Below the “infraorbital foramen” (not
above it, as shown by Galton 1985: fig. 3A), and above alve−
oli 6–10, there are three rostrocaudally extending ridges that
represent the sutural surface for the palatine. These ridges
face almost entirely medially.

In total, parts of eight teeth can be identified, and there are
13 alveoli (Fig. 1). Alveolus 1 is considerably smaller in
circumference than subsequent alveoli, and it contains an
unerupted replacement tooth that is visible on the medial sur−
face of the small rostrolateral fragment. This crown is con−
siderably smaller than subsequent crowns, and is finely ser−
rated on rostrolateral and caudomedial surfaces. Alveolus 2
contains a large and incompletely erupted crown; similarly
incompletely erupted crowns are present in alveoli 4 and 6.
Fully erupted crowns are present in alveoli 3 and 5. Galton
(1985:7) also suggested that a fully erupted crown was pres−
ent in alveolus 7, but has “most of [the] crown missing”,
whereas Benton (1986: 295) suggested that the tooth in
alveolus 7 was “small”. However, only fragments of this
crown are visible, and only in lateral view where the lateral
wall of the maxilla has broken away. In ventral view, the
alveolus itself is infilled with matrix, such that it is not possi−
ble to determine the degree of eruption. Although Benton
(1986) suggested that the posterior six sockets lack teeth, part
of a crown is visible within alveolus 10, through the replace−
ment foramina. The teeth are slightly recurved with oval
cross−sections and finely serrated mesial and distal carinae.
Erosion makes it difficult to confirm the presence of trans−
verse enamel wrinkles, which are actually present on most
rauisuchians (e.g., Batrachotomus: SMNS 52970) despite
previously being considered a feature of derived theropod di−
nosaurs (Brusatte et al. 2007).

Comparison with rauisuchian material from Poland.— Sulej
(2005) described a partial skull and postcranial skeleton of a
rauisuchian from the Carnian of Poland (ZPAL AbIII/563) as
a new species of Teratosaurus, T. silesiacus. The entire pre−
served skeleton of the holotype specimen of Teratosaurus
silesiacus, including the maxilla (Fig. 3), was described in
detail by Sulej (2005) and does not warrant redescription
here. Overall, the maxilla of T. silesiacus is very similar to
that of T. suevicus, but several differences are apparent.

Sulej (2005) proposed a number of differences between
the two species of Teratosaurus, most importantly several
characters apparently present in T. silesiacus but not in T.
suevicus: (1) rostromedial foramen of the maxilla on the me−
dial surface; (2) ascending process of maxilla is strongly
oblique; (3) foramina for replacement teeth are not con−
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20 mm

Fig. 2. Right maxilla of rauisuchian Teratosaurus suevicus Meyer, 1861

from Mittlerer Stubensandstein, Upper Triassic of Heslach, Germany,

NHM 38646, holotype. Photographs in medial (A) and anterior (B) views.

A is a close−up of the medial surface of the anterior end of the maxilla. Des−

ignation “m” refers to maxillary tooth position.
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nected together by a dental groove; (4) foramina for replace−
ment teeth are set in a straight line. All of these characters
were considered either inaccurate or of questionable signifi−
cance by Lucas et al. (2007). In order to reassess the taxo−
nomic status of Teratosaurus silesiacus, we begin by reas−
sessing each of these proposed differences. Subsequently,
we note a number of other differences based upon our re−ex−
aminations of both specimens.

(1) Rostromedial foramen orientation: Sulej (2005) sug−
gested that the rostromedial foramen of T. suevicus opens
rostroventrally and is visible in rostral view; by contrast, the
equivalent foramen of T. silesiacus opens medioventrally
and is not clearly visible in rostral view. Lucas et al. (2007)
accepted this difference as genuine, but suggested that it
could result from taphonomic processes. During our re−ex−
amination of the maxillae of both T. suevicus and T. silesia−
cus we have been unable to recognise a significant difference
in the orientation of the opening of this foramen. Impor−
tantly, the foramen of T. suevicus is visible in rostral view
largely as a result of the breakage of the rostral end of the pal−
atal process. Therefore, we do not consider this feature to
represent a genuine difference.

(2) Orientation of the ascending process: In order to as−
sess the obliquity of the ascending process in both species,
we measured the angle between a line drawn through the
base of the palatal process and the midpoint of the caudo−
dorsal margin of the ascending process, and a line drawn be−
tween the base of the palatal process and the midpoint of the
caudal end of the main body. In both taxa this angle was ap−

proximately 35�. Therefore, there does not appear to be a sig−
nificant difference in the obliquity of the ascending process
in the two taxa.

(3) Dental groove on medial surface: Lucas et al. (2007)
suggested that a distinct dental groove connecting replace−
ment foramina on the medial surface of the maxilla, a distinc−
tive feature of T. suevicus, is also present in T. silesiacus. As
outlined above, we consider the distinct and sharp morphol−
ogy of this groove to be an autapomorphy of T. suevicus.
There is a corresponding groove present in T. silesiacus (Fig.
3B), as occurs in archosaurs generally. However, this groove
is much subtler than that of T. suevicus, and in places even
appears to be entirely absent (most clearly dorsal to the
interdental plate overlying alveolus 3). Therefore, we con−
sider this difference to be a valid distinction between T.
silesiacus and T. suevicus (Sulej 2005; contra Lucas et al.
2007), and the sharp groove as the sole autapomorphy diag−
nosing T. suevicus.

(4) Orientation of tooth replacement foramina: Lucas et
al. (2007) suggested that the alignment of the foramina for re−
placement teeth was no straighter in T. silesiacus than in T.
suevicus, and dismissed this proposed difference. In fact, in
T. suevicus the replacement foramina are positioned in a
straight line along most of the tooth row (Fig 1B). However,
at the rostral end the first two foramina are positioned more
ventrally, with the first foramen being nearly adjacent to the
alveolar margin (Fig. 2A). As a result, the dental groove con−
necting these replacement foramina curves ventrally at its
rostral end. This is presumably due to the reduced size of the
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Fig. 3. Left maxilla of rauisuchian Polonosuchus silesiacus (Sulej, 2005) from Late Carnian, Upper Triassic of Krasiejów Claypit, Poland, ZPAL

AbIII/563, part of holotype. Photographs in lateral (A), medial (B), and ventral (C) views. Designation “m” refers to maxillary tooth position.
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first maxillary crown in T. suevicus (discussed in greater de−
tail below). In contrast, in T. silesiacus the replacement fo−
ramina are set in a completely straight line, and do not arch
ventrally towards the alveolar margin at the rostral end (Fig.
3B). Thus, we consider this difference to be a valid distinc−
tion between T. silesiacus and T. suevicus (Sulej 2005; contra
Lucas et al. 2007).

A number of other differences between the maxillae of T.
silesiacus and T. suevicus exist, which have not been previ−
ously noted or discussed. As noted above, the first (most
rostrally positioned) alveolus in T. suevicus is substantially
smaller than subsequent alveoli: its rostrocaudal length is
less than a third of the length of alveolus 3 (Fig. 1C). The
unerupted crown which occupied this alveolus is likewise
much smaller than subsequent crowns. No such size differ−
ence between the most rostral alveolus and subsequent alve−
oli is observed in T. silesiacus: the first alveolus is only very
slightly smaller in size than alveoli 2–4 (Fig. 3C). This differ−
ence cannot simply be a result of differences in the degree of
eruption, because the first maxillary tooth is unerupted in the
holotype specimens of both taxa (Sulej 2005). Furthermore,
a very small first alveolus is seen in some (Batrachotomus
[Gower 1999], Postosuchus kirkpatricki [TTUP 9000]) but
not all (Arizonasaurus [Nesbitt 2005], Prestosuchus [Barbe−
rena 1978]; possibly Tikisuchus [Chatterjee and Majumdar
1987]) rauisuchians, and may be a character of phylogenetic
significance for rauisuchian interrelationships.

The ventral margin of the maxilla in T. suevicus is straight
along its caudal half (alveoli 7–13) and gently convex ros−
trally. By contrast, in T. silesiacus the ventral margin has a
sinuous outline in lateral view: from the caudal end it arches
upwards (reaching its highest point below alveolus 8) and
then is strongly convex at the rostral end (maximum convex−
ity is below alveolus 4) (Fig. 3A, B).

The morphology of the palatal process also differs be−
tween the two species. In both species a pair of rostro−
ventrally−to−caudodorsally extending grooves is present on
the caudoventral corner of the palatal process, for articula−
tion with the opposing maxilla and possibly the vomer. In T.
silesiacus the more caudal of these grooves is notably short
in length and lacks a well−defined ventral margin; moreover,
at its posterior end it is set above the level of the medial sur−
face of the maxilla (Fig. 3B). In contrast, in T. suevicus this
groove is proportionally much longer and merges smoothly
with the medial surface of the maxilla (see above) (Fig. 1B).
In addition, in T. silesiacus there is a prominent and sharply
defined caudodorsally arched ridge that extends from the
base of the palatal process and fades out above alveolus 3; no
such ridge is present in T. suevicus despite the good preserva−
tion of this area. In T. silesiacus there is a prominent large
fossa (possibly pneumatic and associated with the antorbital
sinus of archosaurs: Witmer 1997) dorsal to the palatal pro−
cess and the caudodorsally arched ridge. Although the equiv−
alent area is poorly preserved and somewhat crushed in T.
suevicus, an equivalent prominent fossa does not appear to
have been present.

In addition to these anatomical differences, we also note
significant differences in both size and stratigraphic position
between T. silesiacus and T. suevicus. T. suevicus is signifi−
cantly larger than T. silesiacus (maximum rostrocaudal length
of the maxilla is 165 mm in T. silesiacus and 245 mm in T.
suevicus). It is possible that T. silesiacus could represent an
earlier ontogenetic stage of T. suevicus—the limited available
material makes assessing the ontogenetic stage of either taxon
difficult at present, particularly given the lack of data in gen−
eral on ontogeny in basal archosaurs (Irmis 2007). However,
the neurocentral sutures are fused in all preserved vertebrae in
T. silesiacus (the axis, third cervical, caudals) which is consis−
tent with a mature ontogenetic stage in archosaurs (Irmis
2007). The stratigraphic incongruity (with T. silesiacus known
from the late Carnian, and T. suevicus from the middle Norian)
cannot by itself be used to support specific level distinction;
however, in combination with anatomical and size differ−
ences, it may be informative.

In summary, we consider two of the four differences be−
tween T. silesiacus and T. suevicus proposed by Sulej (2005)
to be valid. We also recognise an additional four anatomical
characters that differ between these taxa. Combined with dif−
ferences in size and stratigraphic position, these anatomical
differences provide strong evidence to support the distinc−
tiveness of T. silesiacus. We therefore reject the proposal of
Lucas et al. (2007) that T. silesiacus is a junior synonym of T.
suevicus.

Taxonomy of the Polish rauisuchian material.—Clearly,
the German and Polish rauisuchian specimens are distinct
and belong to different taxa. With this established, it must
now be determined whether these taxa can be united as sister
taxa relative to other rauisuchians, the minimum requirement
needed to retain the Polish material (ZPAL AbIII/563) in the
genus Teratosaurus. If there is no such evidence, then the
Polish taxon must be given a new generic name.

Ideally, in these cases it is best to use a phylogenetic anal−
ysis to test the validity of a genus, which in actuality is simply
a monophyletic clade exclusive to all other taxa considered
as genera in a given taxonomy. In this case, the fundamental
question is whether the two species (T. suevicus and T.
silesiacus) comprise a clade relative to Postosuchus and
other rauisuchians. However, this is extremely problematic,
as T. suevicus is only known from a small part of the skeleton
(the maxilla) and including it in an analysis is likely to drasti−
cally increase the number of most parsimonious trees and
may give a spurious result due to missing data alone. Further−
more, widespread missing data renders it likely that T. suevi−
cus would be removed from the phylogeny altogether by cer−
tain consensus techniques that are useful for large analyses
with extensive missing data and homoplasy (e.g., reduced
consensus: Wilkinson 1994), a reality for higher−level archo−
saur analyses (Gower and Wilkinson 1996; Brusatte et al.
2008). Thus, we are hesitant to rely on phylogenetic analysis
to test the validity of Teratosaurus based on data in hand, and
instead focus our attention on diagnostic characters, both
autapomorphies and unique combinations of characters.
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As the holotype of the type species of Teratosaurus, T.
suevicus Meyer, 1861, is limited to a single maxilla (NHM
38646) and no other specimens can be definitely referred to
this species (see above), any diagnostic features of the genus
must be identified only on this element. The maxilla of Terato−
saurus is extremely similar to that of Postosuchus kirkpatricki,
and the two may be closely related as suggested by Sulej
(2005). Our comparisons indicate that there are no unique
synapomorphies shared by the German (NHM 38646) and
Polish (ZPAL AbIII/563) maxillae that unambiguously differ−
entiate them from Postosuchus kirkpatricki and other raui−
suchians. In addition, we cannot even identify a unique combi−
nation of maxillary characters shared by the German and Pol−
ish material to the exclusion of Postosuchus kirkpatricki.

One possible feature that appears to be different in Posto−
suchus kirkpatricki and the German + Polish material is the
size of the “subnarial” opening between the maxilla and
premaxilla. This opening has been figured as large and slit−
like in Postosuchus kirkpatricki (Chatterjee 1985; Long and
Murry 1995) and as small or nonexistent in the German
(Benton 1986) and Polish (Sulej 2005) material. However,
the large size of the opening in Postosuchus kirkpatricki has
been exaggerated in published figures, and the true size of
this fenestra is similar to that in both the German and Polish
material (Sterling Nesbitt, personal communication 2008).

Thus, as (1) the type species of Teratosaurus, T. suevicus,
is valid; (2) T. suevicus and Polish material referred to T.
silesiacus are distinct; and (3) there are no autapomorphies or
a combination of characters that unite T. suevicus and the
Polish material relative to Postosuchus kirkpatricki and other
rauisuchians, a new generic name must be erected for the
Polish material.

Genus Polonosuchus nov.
Etymology: From Latin Polonia, Poland, the country in which the
holotype was found, and souchos or suchus (Greek term for the Egyp−
tian crocodile god Sobek).

Type species: Polonosuchus silesiacus Sulej, 2005.

Diagnosis.—Same as for the only known species.

Polonosuchus silesiacus Sulej, 2005
Holotype: ZPAL AbIII/563, series of cranial and axial elements, includ−
ing left and right maxillae, from a single associated individual.

Type horizon: Late Carnian (Late Triassic).

Type locality: Krasiejów, Opole Silesia, Poland (for further details, see
Sulej 2005 and Dzik and Sulej 2007).

Emended diagnosis.—Rauisuchid rauisuchian archosaur with
the following combination of characters: thick and swollen
rim delimiting the antorbital fossa on the maxilla, which con−
tinues caudally onto the jugal; absence of rostral ramus of
maxilla; rugose ridge on the lateral surface of the skull roof
(nasals, lacrimal, palpebral, postorbital, squamosal); large tri−
angular palpebral ossification dorsal to the orbit (previously
identified by Sulej 2005 as an enlarged prefrontal, but clearly a
separate ossification); deep pit on the caudodorsal corner of
the lateral surface of the squamosal; subdivided lower tempo−

ral fenestra. Differentiated from Teratosaurus by: a medial
groove for the dental lamina that is subtle and entirely absent
in some places; groove for the dental lamina (and associated
tooth replacement foramina) oriented in a straight line across
its entire length; first maxillary alveolus approximately equal
in size to subsequent alveoli; ventral margin of the maxilla sin−
uous and highly convex in outline; the caudoventral groove on
medial surface of the palatal process short and poorly defined;
a prominent and sharply defined caudodorsally arched ridge
extending from the base of the palatal process; and a deep
fossa present dorsal to the palatal process. Differentiated from
Postosuchus kirkpatricki by: ventral margin of the maxilla sin−
uous and highly convex in outline; first maxillary alveolus ap−
proximately equal in size to subsequent alveoli; absence of
fossa on the dorsal surface of the nasal; absence of dorso−
ventral expansion of the rostral end of the dentary.

Remarks.— The entire preserved skeleton of the holotype
specimen of Polonosuchus silesiacus, including the maxilla,
was described in detail by Sulej (2005) and does not warrant
redescription here. Overall, the maxilla of Polonosuchus is
very similar to that of T. suevicus, but several differences are
apparent (see above). Although Polonosuchus has been sep−
arated from Teratosaurus, it is possible that further discover−
ies of Teratosaurus material may reveal characters shared by
the two genera, thus supporting a sister taxon relationship. If
this is the case, then Polonosuchus could be transferred back
to Teratosaurus, although this is a subjective decision if the
two are sister taxa. A detailed description of all previously
described material of Polonosuchus silesiacus, as well as and
new cranial and postrcranial bones, is in preparation by the
authors.

Phylogenetic position of
Teratosaurus and Polonosuchus

The higher−level phylogeny of basal archosaurs has been a
consistent subject of disagreement for several decades (Gower
and Wilkinson 1996) and rauisuchians have been a particular
focus of debate. Although clearly members of the major clade
Crurotarsi—the “crocodile line” of archosaur phylogeny—
rauisuchians are poorly understood in a phylogenetic context.
Not only are the interrelationships of rauisuchians poorly con−
strained, but there has been long−standing debate on whether a
monophyletic “Rauisuchia” even exists (Gower 2000; Gower
and Nesbitt 2006). Indeed, recent findings have revealed a
range of size, dietary, and body plan diversity in rauisuchians
(e.g., Alcober and Parrish 1997; Nesbitt 2003; Li et al. 2006;
Nesbitt and Norell 2006), including several forms strikingly
convergent with dinosaurs (Nesbitt 2007). This vast range
of morphologies and widespread morphological convergence
has made it difficult to offer a well−resolved and well−sup−
ported hypothesis of rauisuchian phylogeny.

Recently, Brusatte et al. (2008, in press) have provided a
detailed phylogenetic analysis of higher−level archosaur
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phylogeny, which considers the relationships of rauisuchians
along with a range of additional archosaur groups. This anal−
ysis yields a well−resolved but poorly−supported phylogeny,
which places all rauisuchians in a single, monophyletic
group. One of the best supported nodes in the entire analysis
is a sister taxon relationship between Teratosaurus (scored
almost entirely on what we now call Polonosuchus) and
Postosuchus (scored entirely on the species P. kirkpatricki).
This clade is supported by several characters, including the
unequivocal presence of a deep pit in the caudodorsal region
of the lateral surface of the squamosal. Additionally, the two
share several distinctive characters that are not optimised as
unequivocal synapomorphies but are rare among crurotar−
sans: a rugose ridge on the lateral surface of the skull roof, an
enlarged triangular palpebral dorsal to the orbit (previously
identified by Chatterjee 1985 and Sulej 2005 as an enlarged
prefrontal), and a subdivided lower temporal fenestra. Fur−
thermore, as discussed in this paper, the two taxa possess
maxillae that are incredibly similar in both overall morphol−
ogy and possession of shared characters, and only a unique
combination of characters can diagnose Polonosuchus rela−
tive to Postosuchus. As Teratosaurus—which here refers
only to the type maxilla of T. suevicus—is extremely similar
to Polonosuchus and Postosuchus, it is probable that it is also
a member of this clade.

Brusatte et al. (2008, in press) place “Teratosaurus” and
Postosuchus into a larger “rauisuchid” group that also in−
cludes Rauisuchus (Huene 1942) and Tikisuchus (Chatterjee
and Majumdar 1987). Rauisuchus is the closest outgroup to
the Teratosaurus + Postosuchus group, and the three taxa are
united by several features, most importantly a rugose lateral
ridge on the jugal that is a continuation of the heavily rugose
rim delimiting the antorbital fossa on the maxilla. The “raui−
suchid” clade is sister taxon to a “prestosuchid” clade that in−
cludes Batrachotomus, Prestosuchus, and Saurosuchus. Other
rauisuchian taxa fall into two distinct clades: a basal grouping
centered on Ticinosuchus (Krebs 1965) and a poposauroid
clade including sail−backed forms such as Arizonasaurus and
bipedal cursors heavily convergent on dinosaurs (e.g., Effigia,
Poposaurus, Shuvosaurus).
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