13 Abb
1 Tab

59-77 Clausthal-Zellerfeld

2006

Clausthaler Geowissenschaften 5

The Late Jurassic crocodiles of the Langenberg near Oker, Lower Saxony (Germany), and
description of related materials
(with remarks on the history of quarrying the “Langenberg Limestone”
and “Obernkirchen Sandstone”)

Hans-VoLkER KARL, ELKE GRONING, CARSTEN BRAUCKMANN, DANIELA SCHWARZ & NILS KNOTSCHKE

Abstract: The present article mainly deals with the description of remains of different species of croco-
diles from the Late Jurassic (Kimmeridgian) of Oker (close to the northern slope of the Harz Mountains
in Lower Saxony/Germany). These include the following species: Theriosuchus pusillus Owen, 1878,
Goniopholis simus Owen, 1878, Machimosaurus hugii (H. v. MEYER, 1837), Steneosaurus aff. brevirostris
OWEN, 1842, gen. et sp. indet. 1, and gen. et sp. indet. 2. Additionally, closely related crocodilian species
from the late Jurassic as well as from the early Cretaceous (Berriasian, Biickeberg Member, “German
Wealden”) in other regions of Lower Saxony are discussed. Phylogenetically, the crocodile fauna from
Oker consists of different basal neosuchians crocodylomorphs.

Key words: Crocodile, Neosuchia, Goniopholis, Machimosaurus, Steneosaurus, Theriosuchus, Langen-
berg Formation (Kimmeridgian, Late Jurassic), Blickeberg Member (“Obernkirchen Sandstone”, “Ger-
man Wealden”, Berriasian, Lower Cretaceous), Obernkirchen, Lower Saxony (Germany).

Kurzfassung: Schwerpunkt des vorliegenden Artikels ist die Beschreibung der Reste unterschiedlicher
Krokodil-Arten aus dem Ober-Jura (Kimmeridgium) von Oker (nahe dem Harz-Nordrand in Niedersach-
sen/Nord-Deutschland). Es sind dies folgende Arten: Theriosuchus pusillus Owen, 1878, Goniopholis
simus OweN, 1878, Machimosaurus hugii (H. v. MEYER, 1837), Steneosaurus aff. brevirostris Owen, 1842,
gen. et sp. indet. 1, and gen. et sp. indet. 2. Zusitzlich werden verwandte Arten aus dem hdheren Jura und
der tiefen Unter-Kreide (Berriasium, Biickeburg Member, ,,Deutscher Wealden®) in anderen Regionen
Niedersachsens diskutiert. Die Krokodil-Fauna von Oker besteht unter phylogenetischen Gesichtspunkten

aus verschiedenen basalen Neosuchiern.

Schlisselworter: Krokodile, Goniopholis, Machimosaurus, Steneosaurus, Theriosuchus, Langenberg-
Formation (Kimmeridgium, Ober-Jura), Biickeberg Member (,,Obernkirchen- Sandstein®, ,,Deutscher
Wealden®, Berriasium, Unter-Kreide), Obernkirchen, Niedersachsen (Deutschland).

1 Introduction

Remains of fossil crocodiles from Northern Ger-
many are known since the middle of the 19" cen-
tury. H. v. MEYER described 1837/38 among others a
tooth from the Kimmeridgian of Hannover as Machi-
mosaurus hugii. GEoFFROY's genus Steneosaurus
(1825) is known from the Jurassic of Lower Saxony
with the synonyms Glaphyrorhynchus aalensis H.
v. MEYER, 1842 (lower “Brown Jura” = Lower Mid-
dle Jurassic of Aalen) and Sericodon jugleri H. v.
MEYER, 1845 (“Portlandian” of the Lindener Berg

near Linden, now a quarter of Hannover). The first
compilation on the Late Jurassic crocodiles of the
surroundings of Hannover was published by SELEN-
KA (1867).

Koken (1887) grouped his new species pugnax
and minor within the genus Goniopholis OweN,
1841; today they are regarded as synonyms of G.
simus OwEN, 1878. One skull from old collections of
Goniopholis simus OweN, 1878 (“Bonn specimen’)
from the Lower Cretaceous (Berriasian) Biickeburg
Member has recently been revised by SALISBURY et
al. (1999).
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The skull of Goniopholis included in the present
article was discovered by a private collector in
Obernkirchen on plates of “Obernkirchen Sand-
stone” which were cut in the nearby-situated large
quarries on the Biickeberg. The fossil was extended
over two plates cut from the same piece of rock. One
of them contains the lower part of the nearly 45 cm
long skull from which the fossilized palatinal roof is
removable, the other plate shows the cranium.

The first teeth of atoposaurid dwarf crocodiles
from the late Jurassic of Lower Saxony were de-
scribed by THies et al., 1997. More recently, THIES
& Broscumskr (2001) described small teeth from
the Kimmeridgian sequence of Oker as ,,Metasuch-
ia fam., gen. et sp. indet.” and interpreted them as
belonging to a small durophagous crocodile. In the
present article, also bone material of the atoposaurid
Theriosuchus pusillus Owen, 1878 from Oker is ad-
dressed for the first time.

The present article mainly deals with the de-
scription of remains of different species of croco-
diles from the late Jurassic (Kimmeridgian) of Oker
(close to the northern slope of the Harz Mountains
in Lower Saxony). Additionally, comments are in-
cluded on related specimens from the Late Jurassic
as well as from the Early Cretaceous (Berriasian,
Biickeberg member) in other regions of Lower Sax-
ony.

2 Geological and stratigraphical settings
(Fig. 1)

2.1 “Langenberg Limestone”

The large quarry of the “Rohstoffbetriebe Oker
GmbH & Co” is situated at the western slope of the
Langenberg, between Oker and Schlewecke. It ex-
poses a nearly 200m thick and largely calcareous to
marly Late Jurassic sequence which reaches from the
“Lower Coral Oolite” (“Unterer Korallen-Oolith”;
higher Oxfordian; approximately Perisphinc-
tes pumilis Zone) up to the “Upper Kimmeridge”
(as traditionally used in Lower Saxony; = Lower
Kimmeridgian of the British stratigraphy; approxi-
mately Aulacostephanus autissiodorus Zone). The
exact correlation with the subboreal standard zona-
tion based on ammonoids (GRAMANN et al. 1997) is
far from clear because ammonoids are extremely
rare in the Langenberg quarry. According to Look
(1985: 393), the sediments of the Lower and Middle
Coral Oolite are marine; upsection, starting with the
Upper Coral Oolite, environments became more and
more brackish. During the “Kimmeridge” the Lan-
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genberg area was part of a shallow-water basin; the
depositional environment in this time-span is inter-
preted as a lagoon or bay. The detailed stratigraphy
is based on microfossils (Pape 1970; ZinruL 1990).

The section is part of the southern flank of the
Subhercynian Syncline. Due to the strong uplift of
the Harz Mountains in post-Santonian times, the
sequence is overturned and dips to the south with
an angle of about 70°. Therefore the impressive and
large bedding planes which are widely visible from
the south are bottom planes of the strata. The hard
components of the sequence are resistant to erosion
and form a narrow and barely wooded ridge parallel
to the main fault of the northern slope of the Harz
Mountains (“Harz-Nordrand-Stérung”). The whole
Langenberg area and its surroundings are a major
part of the “Geological German Square Mile” and
internationally well-known for the strong and well
exposed tectonics including remarkable stratigraphic
gaps and discordances in a lot of outcrops.

The complete sequence has been described in
detail by Papre (1970), ZiruL (1990) and FiscHErR
(1991); compilations in a larger regional and
stratigraphic frame are included in Look (1985:
388-393) and GRaMANN et al. (1997).

Most of the older materials of the Langenberg
crocodiles have been collected without indication of
an exact stratigraphic position but they can largely
be allocated to the “Kimmeridge” of the traditional
stratigraphy in Lower Saxony.

Common fossils of the “Kimmeridge” at the
Langenberg are bivalves, gastropods, brachiopods
and ichnofossils; in higher parts of the section,
even nautiloids occur. As pointed out by STurRM &
BrauckMmanN (1999: 53), remains of the colour-
ing are not rare in certain bivalves and gastropods.
Some layers, in particular in the so-called “Second
Quarry” at the eastern slope of the Langenberg
(where the same sequence is exposed), yield very
small fragments of an amber-like resin.

The Langenberg quarry became still more fa-
mous after the discovery of dinosaur skulls and
other remains in 1998. But unlike often published,
these finds were not the first ones; a previously col-
lected vertebra identified as a dinosaur bone for ex-
ample is deposited in the collections of the Institute
for Geology and Palaeontology of the Clausthal
University of Technology. Other vertebrate fossils
(mainly fishes, but also crocodiles, turtles etc.) are
present; recently, FastnachT (2005) presented a de-
tailed description of a dsungaripterid pterosaur and
SANDER et al. (2006) described the skull of the dino-
saur Europasaurus holgeri.

In the meantime a team of palacontologists joint-
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Fig. 1. Palacoenvironmental map, showing the palacogeographic situation of the Early Tithonian (Late Jurassic)
of western Europe modified from BiLLoN-Bruyat (2005). Abbreviations: AB = Aquitaine Basin; AM = Armorican
Massif; CM = Central Massif; IM = Iberian Massif; PB = Paris Basin; LBM = London Brabant Massif; RM =

Rhenish Massif.

ly with the “Dinosaur Park Miinchehagen” (“Dino-
saurierpark Miinchehagen”) carefully secures, col-
lects and prepares the now large materials of the
“Dinosaur Cemetry” of the Langenberg. For the
future, a special “Jurassic Museum” in the Langen-
berg is planned in cooperation with the “Dinosaur
Park Miinchehagen”.

2.2 “Obernkirchen Sandstone”

Together with a mudstone series and a few coal
seams, the “Obernkirchen Sandstone” is part of a
sequence called Biickeberg Member. It is devel-
oped in the so-called “German Wealden facies”.
Contrary to the western European Wealden which
mainly extends from the early Valanginian to the
late Barremian, the “German Wealden” is restricted
to the late Berriasian and thus to the early Lower
Cretaceous. The thickness of the “Obernkirchen
Sandstone” varies from more than 140m in the Han-

nover/Deister/Osterwald region to less than 20m in
the Biickeberg area. The whole Wealden sandstone
sequence is dissected into irregular, cubic square
stones.

The “Obernkirchen Sandstone” yields a lot of
fossils; many of them have already been described
in the pioneer time of palaecontological research, for
example by F. A. RoemER (1836, 1839), who already
mentioned vertebrate fossils as a (then lost) large
dinosaur skeleton and a turtle, by Kocn & DuNkEr
(1837), by v. MEYER (1841, with the first record of a
crocodile) and by DuNkEeR (1846).

The fossil fauna consists of mainly limnic to
brackish bivalves (in particular Neomiodon), gas-
tropods, ostracods as well as remains of fish-like
vertebrates, turtles, crocodiles and dinosaurs (bones,
teeth, and in particular large tracks of Iguanodon,
one specimen of the small dinosaur Stenopelix val-
densis H. v. MEYER, 1859) and other reptiles as for
example plesiosaurs.

The flora has been outlined by MAGDEFRAU
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(1968). Remains of plants are common and rich in
taxa (for example ferns, lycopods, horsetails, cy-
cads, ginkgos and conifers) in the associated beds
of the coal seams, but rather rare in the sandstone
sequence in which the conifer Sphenolepis is pre-
dominating. The rhizomal bulbs of the sphenophyte
Equisetes burchardti Dunker, 1846 indicate that
these remains were autochthonous. The occurrence
of several beds with common roots illustrate that
the vegetation covered the region largely for several
times.

Judging from the succession of fossils, the area
of sedimentation was at first a system of estuar-
ies, rivers, lakes and swamps which finally became
more brackish by the temporarily transgressing sea.

The earth historical development of the area
around Biickeburg and Obernkirchen (the country
of Schaumburg-Lippe) was the subject of the last
brief article of the important German biostratigra-
pher and palaeontologist Professor Dr Hermann
ScumipT (03.11.1892 - 02.01.1978) who published
this manuscript in a local and short-lived scientific
journal in 1973. A more detailed popular survey was
contributed by Hamm (1954).

3 On the history of quarrying the “Lan-
genberg Limestone” and “Obernkirchen
Sandstone

3.1 Langenberg quarry (Kalkwerk Oker, now:
Rohstoftbetriebe Oker GmbH & Co)

Extensive limestone digging at the Langenberg
started in 1871 when the first owner Adolph Wil-
likens founded the “Kalkwerk Oker”. In this early
time the limestone was quarried with hammers and
chisels. The factory was enlarged and distinctly im-
proved after having received a licence to blast with
gun powder in 1898. The products at that time were
mainly agricultural lime as well as carbonate as a
flux for the iron and steel production. Soon after
this early period, the factory also started to produce
slaked lime in special limekilns.

Under the new owner, Adolf Willikens jr. the
factory was transformed into a joint-stock company
in 1923 and widely modernized during the follow-
ing years to keep pace with the drastically enlarged
demand. In 1936 the area got a special connection to
the railway and thus could supply customers even at
longer distances. Further extension and modernisa-
tion followed between 1937 and 1943 when facili-
ties for the production of slaked and unslaked lime
for bricklayery purposes were installed and the lime-
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kilns were altered into high-powered works. The
whole factory was not destroyed during World War
II. Adolf Willikens died in 1944 and was succeeded
in 1951 by Herbert von Pupka. The reopening of
the production after the war started under very diffi-
cult conditions. The capacity of the stocks had again
to be enlarged, a fleet of lorries was founded and
further modernisation was accelerated. In 1960 the
company was taken on lease by the newly founded
“Rohstoftbetriecbe Oker GmbH & Co” under the
management of Herbert von Pupka. Soon after this
time, in 1962, the area of quarrying was enlarged by
the area of the former iron mine “Hansa”. The an-
nual mining increased up to 200.000 — 300.000 tons
of limestones in 1982. One third of it was needed
in the iron and steel industry of the nearby-situated
Salzgitter area; a second third was used for agri-
cultural purposes in Lower Saxony and Schleswig-
Holstein; the last third was worked up to burn lime
as building material.

In September 1982 the company got the permis-
sion for further quarrying within the eastern part of
the Langenberg, but at fall of 1984, the extension in
the planned area had to be cancelled due to a deci-
sion of the Superior Administration Court in Liine-
burg. The eastern part of the Langenberg became
now a nature reserve, and quarrying was restricted
to fixed limits in northern and southern directions of
the quarry, whereas the limekilns were shut down.
As a consequence, the staff had to be reduced dra-
matically from former 80 persons to now 7.

In 1992 Fabian von Pupka became new manager
of the “Rohstoftbetriebe Oker GmbH & Co”. The
actual products are still slaked lime used for build-
ing materials for underground and street construc-
tions as well as agricultural lime. Main customers’
region is northern Germany. The resources are esti-
mated as being sufficient for the next 20 years.

Major future plans include the museological
activities jointly with the “Dinosaur Park Miinche-
hagen” as mentioned above.

3.2 Obernkirchen area

The area around Obernkirchen, in particular the
Biickeberg, is well known for its sandstone quarry-
ing and historical coal-mining.

The earliest documentary evidence for coal-min-
ing on the Biickeberg — and beyond that in Lower
Saxony — is an account-book of the provostry of
Obernkirchen of 1498. There are a few seams in the
whole sequence, of which only the main seam (with
a thickness of up to 70cm) has been exploited. It lies



at the base of the ,,Obernkirchen Sandstone®. In the
Obernkirchen area coal-mining has been dropped
several decades ago (and has only been revived in
times of need), whereas stone-cutting still contin-
ues.

According to BRONING & ScHMIDT (1969), it is
known from mediaeval documents that the “Obern-
kirchen Sandstone” was already quarried on the
ridge of the Biickeberg soon after 1100. After man-
agement by a monastic site hut, a guild of stone-
cutters was founded in 1597. The light, fine-grained
and weatherproof sandstone with its siliceous ce-
menting material soon became a favourite building
stone and famous as the so-called “Bremer Stein”.
It was supra-regionally used, mainly for representa-
tive buildings. The cut stones were shipped down
the river Weser and then exported from Bremen into
several countries of the world, as for example to the
Netherlands, Scandinavia and even to Russia.

4 Materials and methods

The major part of the considered specimens is
deposited in the following collections: Dinosau-
rier-Freilichtmuseum Miinchehagen (DFMMh) and
Institute of Geology and Palacontology, Hannover
University (GPH). Additional material for com-
parison is housed in the Museum Goslar and in the
Institute of Geology and Palaeontology, Clausthal
University of Technology.

5 Systematic palaeontology

Crocodylomorpha WALKER, 1968
Crocodyliformes Hay, 1930

Mesoeucrocodylia WHETSTONE & WHYBROW, 1983
Neosuchia BENTON & CLARK, 1988

Family Atoposauridae Gervals, 1871

Genus Theriosuchus Owen, 1878
(Fig. 2A-B, 3A-B, 4, 5)
Type species: Theriosuchus pusillus Owen, 1878.

Diagnosis: Brevirostrine skull, small antorbital
fenestra, slit-like and horizontally positioned exter-
nal nares, external nares separated from each other
by the nasals, shallow sulcus on the dorsal surface
of the maxillary rostrum, proportionally long jugal,
medial base of postorbital process formed by the
ectopterygoid, median crest on the frontal and the
parietal in later ontogenetic stages, frontal and pa-
rietal partially unfused in early ontogenetic stages,

Fig. 2. Theriosuchus sp.: anterior part of a crushed
skeleton (DFMMh 200) including the left half of a

skull (preserved length = 4,7cm), 2 thoracic vertebrae,
remains of a shoulder girdle, left radius and ulna,
remains of both ilia, 2 femora, 1 humerus, some ribs and
dermal plates (only questionably belonging to the same
specimen). — 2A. Anterior view mainly of the cranium.
— 2B. More lateral view of the whole specimen.

dorsal margin of the supratemporal foramen smaller
than the orbit, lateral margin of squamosal bevelled
ventrally, proportionally narrow quadrate with con-
cave mandibular articular surface, secondary choa-
nae bounded by the palatines rostrally and separated
by a median septum of the pterygoid, mandibular
symphysis not exceeding caudally beyond a point
level with the sixth dentary tooth, ilium with short
praeacetabular process and long postacetabular
process, biserial dorsal shield comprising parasagit-
tal osteoderm.

Material: DFMMh 200: anterior part of a
crushed skeleton including the left half of skull, 2
thoracic vertebrae, remains of shoulder girdle, left
radius and ulna, remains of both ilia, 2 femora,
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Thenosuchus

Monisecosuchus

Alligatorium

afigaforelius

Atgpasaurus Fig. 4. Theriosuchus sp.: damaged skull of specimen
DFMMh 605, presumably a hatchling, in matrix.
Preserved length = 29mm, posterior breadth = 19mm,
breadth of condyles = 11mm, no ornaments at surface

Araripesuchusg
1 humerus, some ribs and dermal plates, but it is
not clear weather all extremity bones belong to the
same specimen; DFMMh 605: damaged skull (pre-
sumably of a hatchling) in matrix, preserved length
=29mm, posterior breadth = 19mm, breadth of con-
dyles =11mm, no ornaments at surface; DFMMh
| 325: 4 ventral osteoderms with irregular sculpture
+--5 +-—DFMMh 200 of shallow pits, but without keels (size of the larg-
I - e erioseis | SSET 4x4mm), 2 ribs, 1 piece of dorsal vertebrae;
4} ' ' DFMMh 225, DFMMh 340, DFMMh 236: remains
rdlligatorium of dorsal osteoderms; DFMMh 279: femur, length =
__________ 3 +-Alligatorellus 20.5mm, proximal breadth = 4mm, distal breadth =
2 Alligatorellus .
-3 4mm; DFMMh 507: tooth remain.

+-=Atoposaurus

Mofosuchus
Uriguaysuchis

R Meontsecosuchus

Present characters: Snout very short (breviros-
trine), external nares almost completely divided by
nasals, orbits larger than supratemporal foramen,
beeemeeemeeeeeeeme e -Notostchus lateral margin of squamosals convex and bevelled
ventrally.

Feemeee-Araripesuchus

— Urnguaysuchus

requires a total of  42.000 . Lo
Remarks: The characters listed above indicate

PARS-Discrete character parsimony algorithm, version
3.6a3.

between  and length that the material can be assigned to the genus The-
1 5 4.00 riosuchus. The external nasal openings are almost
2 1 7.50 completely divided by nasals and the lateral borders
4 5 1.00 .
s Momtsecosuchus 3,00 of the caudal skull table are convex .and slightly
5 6 1.00 ventrally bevelled. The dorsal armour is composed
6 7 4.25 of rectangular, imbricating plates (osteoderms) with
7 DFMMh 200 125
7 Theriosuchus 3.00
6 Alligarorium 0.50
4 3 1.75 ; . - s )
3 Alligatorellus 074 Flg.. 3 (left): Phylogenetic position of the Oker cro
3 Awoposaurus 1.00 codile DFMMh 200. — 3A. Tree from DOLMOVE made
2 Araripesuchus 3.0 with Tree View (Roderik Page). — 3B. Analysis with
1 Uruguaysuchus — 2.00
1

Notosuchus 8.00

o))
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Fig. 5. Life reconstruction of Alligatorellus sp. (a small crocodile with a length of approximately 0,22m), shown as
an example for a more terrestrial living crocodile like Theriosuchus.

a cranial process and the ventral plates are polygo-
nal.

The dentition comprises 5 premaxillary, approx-
imately 12 maxillary and more than a dozen man-
dibular teeth. The individual teeth are are slightly
laterally compressed, lanceolate and most of them
bear two carinae and a system of small longitudinal
striae. The fourth mandibular tooth and the 3™ and
4™ mandibular teeth are caniniform and enlarged.
The greater, caudal part of the dentition teeth lies
in a confluent sulcus along the internal surface of
the jaws rather than to be implanted in true alveoli.
Those teeth resemble most closely those of the type
species T. pusillus and the species T. guimarotae,
but can be distinguished from those of T. ibericus
by a lack of serrated carinae (BRiINkMANN 1991 a, b,
SALISBURY 2002, ScHWARZ & SALISBURY 2005). Simi-
lar atoposaurid teeth from Oker were described by
Thies, WiNDOLF & MubprocH (1997). However, dis-
tinctively laterally compressed teeth in the caudal
maxillary and dentary region as in T. pusillus are
lacking in the Oker specimens.

The results of the character analysis based upon
DOLMOVE show a close relationship between the
Oker specimen DFMMh 200 and Theriosuchus. But
there are also significant differences concerning
character 21. Contrary to the caudal (“dolichocepha-
lous”) orientation of the occipital surface arrange-
ment as stated by BuscarLiont & Sanz (1988a) for
Theriosuchus, in Oker DFMMh 200 the orientation
is evidently vertical. This could be the reason for the
larger distance (3.00) of Theriosuchus from node 7
within the tree by PARS, whereas the distance of
DFMMh 200 from node 7 is only 1.25. There is
nothing known yet concerning possible ontogenetic
changes of the occipital region in the Atoposauri-
dae. The significant size differences between the

Oker specimens and Theriosuchus pusillus indicate
different ontogenetic stages, which might also be
the reason for differences in tooth morphology. We
therefore prefer not to separate the Oker specimen
from Theriosuchus pusillus Owen, 1878 and tenta-
tively assign the material to this species.

Family Goniopholidae Copk, 1875
Genus Goniopholis Owen, 1841

Type species: Goniopholis crassidens OWweN,
1841, Early Cretaceous (“Wealden”), Sussex, Eng-
land.

Diagnosis: Notch at premaxillo-maxillary suture
at lateral margin of rostrum, short and broad pre-
maxillae, external nares dorsally oriented and undi-
vided, nasals excluded from external nares by pre-
maxillae, broad interorbital plate, frontal forming
only small portion of orbital margin, supratemporal
foramen slightly larger or of similar size as orbit and
nearly circular in outline, flat skull table.

Goniopholis simus Owen, 1878
(Fig. 6A-D, 7, 12B)

Present characters: Teeth trigonal and flattened
with sharp lateral crests and some coarse longitudi-
nal striae.

Material: DFMMh 352: ventral osteoderm; DFMMh
329, DFMMh 631, DFMMh 338, DFMMh 339,
DFMMh 630, DFMMh 628, DFMMh 629, DFMMh
393, DFMMh 390, DFMMh 276-278, DFMMh 632,
DFMMh 416(6.9.2001): tooth or tooth remains.
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Fig. 6 Specimen of Goniopholis simus Owen, 1878, the “Obernkirchen Sandstone” hollow mould, private collection
of Willi Adam, drawn after the silicon mould. — 6A. Cranium, dorsal view. Length of the skull = 36,5cm. — 6B.
Cranium, ventral view. — 6C. Cranium, reconstruction of the dorsal view. — 6D. Cranium, terminology of the cranial
elements.

66



Fig. 7: Life reconstruction of Goniopholis simus. Length of the animal = approximately 2m (with the cranium length

= approximately 40cm).

Remarks: In comparison with related material
from the Late Jurassic of England, the present skull
from the Berriasian of Obernkirchen is very simi-
lar in the dorsal skull-outline as well as in the posi-
tion, shape and size oft the supratemporal fenestrae,
orbits and the nasal opening. Contrary to the type
species Goniopholis crassidens Owen, 1841 from
the Wealden of Sussex, our material is not charac-
terised by the distinctly stout teeth and the taper-
ing morphology of the skull. Furthermore, in Go-
niopholis crassidens the supratemporal fenestrae
are subcircular in shape and approximately twice as
large as the orbits. In contrast, in our Berriasian spe-
cimen and in Goniopholis simus from Late Jurassic
(see SarisBury 2002: text-fig. 5 and this article:
fig. 6A-D) the orbits are triangular in shape with
rounded corners and relatively similar in length to
the rounded square supratemporal fenestrae. The
shape of the orbits in Goniopholis baryglyphaeus
Scuwarz, 2002 from the Kimmeridgian of the Gui-
marota coal mine/Leira (Portugal) is long and oval
and the prefrontals are larger than in Goniopholis
simus. A survey of type specimens and synonymy
of the crocodilians from the Lower Cretaceous
(Berriasian) Purbeck Limestone Group of Dorset/

Southern England, including Goniopholis, gives
SALISBURY (2002).

Suborder Thalattosuchia Fraas, 1902
Family Teleosauridae Corg, 1871

Genus Machimosaurus H. v. MEYER, 1838

Type species: Machimosaurus hugii (H. v. MEYER,
1837).

Diagnosis:  Longirostrine ~ with  relatively
short snout compared to other teleosaurids, large
supratemporal fenestrae, massive and blunt conical
teeth with strongly wrinkled enamel.

Machimosaurus hugii (H. v. MEYER, 1837)
(Fig. 8A-B, 12C-D)

Present characters: Anterior teeth long canini-
form, posterior ones short and massive for food
crushing, with a broad and rounded or flat crown;
both types with small, but relatively prominent lat-
eral seams; the enamel is delicately wrinkled in the
crown; surface with 40 to 100 fine canals (accord-
ing to KarL & TicHy, 2004).
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Material: DFMMh 330, DFMMh 541: teeth (Karl
& Tichy, 2004, Fig. 1), DFMMh 270, DFMMh 473,
DFMMh 329, DFMMh 313, DFMMh 614, DFMMh
333, DFMMh 268, DFMMh 271, DFMMh 506,
DFMMh 366, DFMMh 372, DFMMh 332, DFMMh
331, DFMMh 620, DFMMh 625, DFMMh 624,
DFMMh 623: teeth, tooth remains.

Remarks: Remains of Machimosaurus are
known from the Middle and Late Jurassic of Por-
tugal, France, England, Switzerland (type locality),
and Germany. The classic locality of Machimosau-
rus hugii is now situated in the urban area of Hanno-
ver in Lower Saxony/Northern Germany. From the
Kimmeridgian of the Normandy (France) the species

is recorded by BurreTauT (1982). The new material
has been collected from Kimmeridgian sediments
of the Langenberg quarry at Oker (E Goslar). Ac-
cording to KreBs (1967) and SteeL (1973), Machi-
mosaurus hugii is the only valid species of this ge-
nus. It is a teleosaur with a relatively short snout and
very large supratemporal fenestrae, which possesses
typically stout and conical teeth with a broad apex
and strongly wrinkled tooth enamel. In the rostral
region of the snout, the teeth can also become larger
and more slender, being nearly caniniform, but still
with the strongly wrinkled enamel. This wrinkled
enamel results in a furrowed surface of the teeth,
which is together with the stout and blunt conical
tooth morphology typical for this species. The new
material including only teeth and fragments of teeth

Fig. 8. Cranium of Machimosaurus hugii (H. v. MEYER, 1837), reconstructions. — 8A. Dorsal view, based on material
from the Guimarota coal mine, Leiria, Portugal. Length of the skull: = approximately 149cm, breadth of the skull

= approximately 52cm, (total length of the animal: more than 9m.); modified after Kress (1967: 52). — 8B. Ventral
view, based on material of the Guimarota coal mine, Leiria, Portugal; modified after Kress (1967: 52).

68



Fig. 9. Cranium of Steneosaurus sp., reconstruction,
dorsal view. Length of the skull: approximately 88cm.

can, due to similar tooth morphology, be assigned to
Machimosaurus hugii. This thalattosuchian species
attained a presumable total length of about 9,5m
with a skull length of about 1,5m..

Family Metriorhynchidae FitziNGER, 1843

Genus Steneosaurus GEOFFrROY, 1825
(Fig. 9, 10, 13A-E)

Type species: Crocodile de Quilly Cuvier, 1824
[= Steneosaurus megistorhynchus Eubpes-DESLONG-
CHAMPS, 1866].

Diagnosis: longirostrine snout cranially rounded
and caudally more flattened, broadened premaxil-
lae deflected ventrally and with 4 or 5 premaxillary
teeth, small antorbital opening, dorsally directed

orbits, postorbital bar approximately at right angles
to long axis of skull, small frontal, flat skull table
longer than broad, large supratemporal foramina
with rounded rectangular outline, alveolar borders
without undulations, pterygoids with prominent lat-
eral processes, teeth with a few striae, conical and
slightly curved.

Steneosaurus aff. brevirostris Owen, 1842
(Fig. 12A)

Present characters: Teeth very long, caniniform,
without lateral crests, but with some lateral striae.

Material: DFMMh 510: neural arch of caudal ver-
tebra; DFMMh 353neural arch (?); DFMMh 330,
DFMMh 281, DFMMh 474, DFMMh 334, DFMMh
335,DFMMh 609, DFMMh327(9.3.2001), DFMMh
611, DFMMh 615(1999), DFMMh 616, DFMMh
618, DFMMh 619, DFMMh 621, DFMMh 622,
DFMMh 272-275, DFMMh 392: teeth and tooth
remains.

Remarks: Wincierz (1967) described a skel-
eton of Steneosaurus aff. bollensis (JAEGER, 1828)
from the lower Toarcian of Hondelage near Braun-
schweig. The younger taxon Steneosaurus jugleri
(H. v. MEYER, 1845) [Sericodon] was based upon
teeth from the Portlandian of the Lindener Berg
near Hannover and from Solothurn. Vertebrae from
the Lindener Berg have been referred to the same
species. Steneosaurus picteti (pE TriBoLET, 1873)
was described from the Portlandian of Solothurn,
too, based on vertebrae, ribs, osteoderms and teeth.
However, the material, which is closest to our
present specimens in both stratigraphical position
and sedimentological conditions was described by
OweN (1842) as Steneosaurus brevirostris from the
Kimmeridgian of Shotover/ England.

Gen. et sp. indet. 1

Present characters: Insufficiently preserved for
specific or generic determination.

Material: DFMMh 328, DFMMh 365: vertebral
corpus; DFMMh 304: basisoccipital; DFMMh 242:
remain of dorsal osteoderm; DFMMh 281a, DFM-
Mh 337, DFMMh 610, DFMMh 368, DFMMh 612,
DFMMh 626: tooth fragment.

Remarks: None.

Gen. et sp. indet. 2
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Fig. 10. Life reconstruction of Steneosaurus sp., length of the animal = approximately 4,8m.
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Fig. 11. Button-shaped teeth of gen. et sp. indet. (height = 2mm), ?embryonic teeth of either Machimosaurus or
Bernissartia. — 11A. Specimen GPH 2001-11I-1 in lateral view. — 11B. Specimen GPH 2001-I11-2 in apical view.
—11C. Specimen GPH 2001-1III-3 in apical view. (Drawings with kind permission from Annette Broschinski.)
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&
Fig. 12. Teeth of Oker crocodiles, scale bars = lcm: Fig. 13. Dorsal vertebra of Steneosaurus sp., specimen
12A. Steneosaurus aff. brevirostris Owen, 1842; 865 of the Museum Goslar, length of corpus =
DFMMMN/FV 618. — 12B. Goniopholis simus OWEN, approximately 8cm. — 13A. Anterior view. — 13B.
1878; DFMMh/FV 268. — 12C. Machimosaurus hugii Dextral view. — 13C. Dorsal view. — 13D. Posterior

H. v. MEYER, 1837; JIMO 121 (coll. Udo Resch). — 12D. view. — 13F. Sinistral view. no.
Machimosaurus hugii H. v. Mever, 1837; DEFMMh/FV
541.
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(Fig. 11A-C)

Present characters: According to THiEs & Bro-
scHINSKI (2001) an outcrop of Kimmeridgian age
near Oker (= Langenberg quarry) has yielded a few
small teeth of probably crocodilian origin. As men-
tioned by these authors, a similar dental morphol-
ogy is still unknown among crocodylomorphs and
indicates a durophagous habit. The teeth are provi-
sionally referred to as Mesoeucrocodylia fam., gen.
et spec. indet.

Material: Institute of Geology and Palacontol-
ogy of Hannover University: GPH 2001-11I-1 to
2001-11I-3: remains of teeth.

Remarks: Compare with BRinkmanN (1991a, b).
Due to the very small size of the teeth (height =2
mm!), it is possible that these teeth represent em-
bryonic dental arrangements of either Machimosau-
rus or Bernissartia.

6 Phylogenetic position of the Oker croco-
diles

Several results of phylogenetic analyses show
that Thalattosuchia (including Steneosaurus) are
basal neosuchians (OrTEGA et al. 2000, BuscaLio-
NI et al. 2004) and possibly a sister taxon of more
derived neosuchians as atoposaurids, Goniopholis,
Bernissartia and eusuchians (Wu et al. 2001). Ac-
cording to Crark (1994: fig 5.3.), Thalattosuchia
(Pelagosaurus, Teleosauridae, including Machimo-
saurus, and Metriorhynchidae) form together with
Pholidosaurus and Dyrosauridae a clade of longi-
rostrine mesoeucrocodylians. Furthermore, Gonio-
pholis is probably the sister taxon to Bernissartia
and Eusuchia (SaLisBURY & WILLIS, 1997).

The material of the large crocodylomorphs of
Oker does not permit any phylogenetic comparison;
therefore the analysis is here focused on the better
known atoposaurids. According to BuscaLiont &
Sanz (1988a) the monophyly of the Atoposauridae
is based on the following apomorphic characters:
anterior maxillary teeth enlarged; external mandib-
ular fenestrae absent; antorbital fenestrae reduced
or absent; squamosals not descendant and dental hy-
pertrophy absent.

Previous phylogenetic analyses of this complex
based on different characters came to largely diver-
gent results, as briefly discussed here. According to
Buscavriont & Sanz (1988a), a cladogram of atopo-
saurid interrelationships based on cranial characters
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shows an arrangement of sister groups with Noto-
suchus + Uruguaysuchus + Araripesuchus as the
sister group of both Atoposaurus + Alligatorellus
and Theriosuchus + Alligatorium, and Montsecosu-
chus as the basal taxon within Atoposauridae. An
analysis based on postcranial characters results in a
different cladogram, with Protosuchia as the sister
group of Orthosuchus + Theriosuchus. The latter
genus would be sister taxon of the joined node of
Alligatorellus + Alligatorium + Montsecosuchus. In
this case Atoposaurus would be the basal taxon. A
third cladogram based on metric characters shows
Orthosuchus as a sister taxon of two pairs of taxa
and Alligatorium as basal taxon. Atoposaurus and
Alligatorellus would have their common origin
from a joined node at the basal line and be closer
to Alligatorium. The node of the pair Theriosuchus
+ Montsecosuchus would be more distant from the
basal line. Both genera would form the sister group
of Atoposaurus + Alligatorellus and Alligatorium. A
synthesis of the two versions of cladograms shows
Alligatorium+ Alligatorellus as sister group of Mont-
secosuchus and Theriosuchus. Thus, Alligatorium
and Alligatorellus would be the most closely related
taxa, and Theriosuchus would be either more distant
or form a sister group relationship with Montseco-
suchus (BuscaLioni & Sanz 1988, but see also Bus-
CALIONI & SaNz, 1990a, b).

Concerning their carpal morphology, Atoposau-
ridae are considered as sister group of the Thalatto-
suchia + Goniopholidae + Eusuchia (BuscaLioni et
al., 1997). In phylogenetic analyses on mesoeucroc-
odylian relationships, often only Theriosuchus is
included and groups as basal neosuchian closely
related to Goniopholis (BuscaLiont & Sanz 1990c,
ORTEGA et al. 2000).

For our following analysis we use the cranial
characters in accordance with BuscaLiont & Sanz
(1988a).

Character analysis

1. Relation of frontal to supratemporal fossae - ad-
joining (0)/ - not adjoining (1);

2. Lacrimo-nasal suture - posterior to nasal (0)/ -
lateral to nasal (1);

3. Maxillo-jugal suture - posterior to orbit (0)/ - an-
terior to orbit (1);

4. Maxillary posterior teeth - conical (0)/ - laterally
compressed (1)/ - laterally compressed and denticu-
lated (2);

5. Retroarticular process - slightly developed (0)/ -
strongly developed (1);

6. Angular, ventral outline - straight (0)/ - dorsally



incurved (1)/ - ventrally incurved (2);

7. Maxillary festooning - absent (0)/ - slight (1)/ -
strong (2);

8. Dorsal outline of snout - straight or convex (0)
- concave (1);

9. Enlarged anterior maxillary teeth - absent (0) -
anterior-2nd,3rd alveoli (1)/ - middle-4st,5th alveoli
(2);

10. Premaxillo-maxillary space - present with a
notch (0)/ - absent or slight (1)/ - diastema (2);

11. Dentition - homodont (0)/ - heterodont (1);

12. Premaxilla, number of teeth - less than five (0)/
- five (1);

13. Maxilla, number of teeth - less than 12 (0)/ - 12
to 18 (1);

14. External nares - paired (0)/ - single (1);

15. External mandibular foramen - present (0)/ - ab-
sent (1);

16. Antorbital fenestrae - present (0)/ - reduced or
absent (0);

17. Postorbital pillar - exterior (0)/ - interior (1);
18. Dorso-lateral edge in squamosals - with a sulcus
(0)/ - without a sulcus;

19. Orbito-supratemporal space - relatively long
(0)/ - short (1);

20. Parieto-frontal surface - smooth (0)/ - with a
ridge (1);

21. Occipital surface arrangement - vertical (0)/ -
caudal (“dolichocephalous”) (1);

22. Ornamentation - tenuous (0)/ - well developed
(1

23. Pineal foramen - present (0)/ - absent (1);

24. Choana with septum - present (0)/ - absent (1);
25. Anterior outline of premaxillae - pointed (0) -
wide (1);

26. Quadrate - fenestrated (0)/ - not fenestrated (1);
27. Supratemporal fossae - wide (0)/ - slit-like (1);
28. Postero-laterally descendant squamosals -
present (0)/ - absent (1);

29. Direction of external nares - frontal (0)/ - dorsal
(1

30. Basioccipital ventral and anterior - present (0)/
- absent (1);

31. Thickness of postorbital bar - slender (0)/ - thick
(1

32. Dental hypertrophy - present (0)/ - absent (1);
33. Greatest quadrate hemicondyle - medial (0)/ -
lateral (1);

34. Quadrate condyle development - slight (0)/ -
pronounced (1).

Tab. 1: Data matrix for character analysis.

9 34
Notosuchus 1000110000 0000100010 0010100107 0000
Uruguaysuchus 0701110000 0010110070 0071001100 1001
Araripesuchus 1117710101 0010070000 0110000100 1001
Atoposauwrus
Alligatorellus
Alligatorium

OI0T10LI0L 0110111101 1111000270 1111
0101100101 1110112101 1111001170 1011

0011120111 1111111101 1101101101 1011
T2 1717117101 0117127107 2077

Theriosuchus
DFMMh 200

Outtree from DOLMOVE (Joe Felsenstein):

(DFMMh 200, (Theriosuchus, (Montsecosuchus,
(Alligatorium, (Alligatorellus, (Atoposaurus, (Ara-
ripesuchus, (Uruguaysuchus, Notosuchus))))))));

Outtree from PARS (Joe Felsenstein):

((((Montsecosuchus : 3.00, (DFMMh 200 : 1.25,
Theriosuchus : 3.00) : 4.25, Alligatorium : 0.50) :
1.00) : 1.00, (Alligatorellus : 0.75, Atoposaurus :
1.00) : 1.75) : 7.50, Araripesuchus : 3.00) : 4.00,
Uruguaysuchus : 2.00, Notosuchus : 8.00);

Tree from DOLMOVE made with TreeView (Rode-
rick Page)(fig. 3A)

7 Palaeoecologic aspects of the Oker croco-
diles

The crocodile fauna of Oker consists of differ-
ent basal neosuchians, which are all only distantly
related to each other.

Thalattosuchian remains are normally derived
from shallow marine facies and they were most
probably marine crocodiles and good swimmers.
According to BiLLon-Bruyar et al. (2005), Steneo-
saurus is considered to belong to the autochthonous
fauna of the well known coastal marine environ-
ments of Cerin, Canjeurs and Solnhofen. This inter-
pretation is supported by the oxygen isotope com-
position in the teeth, with the 3'*O isotope as the
indicator in their study. The slender, tubular rostrum
and the uniform, slender and pointed teeth of Ste-
neosaurus indicate that it was a fish-eater.

Based on the osteological characters of Machi-
mosaurus, Kress (1967) considered that the habi-
tat of this genus was the open sea. Due to the find
localities of Machimosaurus, the taxon can also
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be interpreted to have lived in a shallow lagoonal
environment. In contrast to the pointed teeth of
Steneosaurus, the bluntly rounded teeth of Machi-
mosaurus indicate hard, but swimming prey. Thus,
possible prey items could have been marine turtles
or large ganoid fishes. Interestingly, MEYER (1994)
describes shell elements of plesiochelyid turtles
with bite-holes from the Jurassic limestone of Solo-
thurn in Switzerland, which might have been caused
by Machimosaurus (KarL & Tichy, 2004).

The constitutional morphology of the animals
and the facies types of the Kimmeridgian at Oker
and of the Berriasian at Obernkirchen suggest for
Goniopholis a swamp-like environment, similar to
recent mangrove forests. Remains of Goniopho-
lis are mainly found in fresh water deposits with
or without brackish influence. This crocodile was
in habitus similar to modern crocodiles and could
reach up to four meters in length. Goniopholis was
a crocodile with an amphibic lifestyle, moving
through the water by wriggling movements of the
body, but being also capable of terrestrial locomo-
tion (SaLisBURY & Frey 2000). Goniopholis was an
opportunistic feeder that stood at the top of the food
chain in the aquatic environments of its time. The
taxon most probably fed on fishes and corpses of
large terrestrial animals, such as dinosaurs.

From the heterodont teeth of Theriosuchus,
BuscaLiont & Sanz (1988b) as well as BRINKMANN
(1991a, b) supposed soft and various food. Possibly
the small Theriosuchus did scavenge on carcasses
and on corpses of small animals washed up along
the drift line of the shore, or fed on insects and small
vertebrates. The small size (not more than 1 meter),
and the anatomy of the postcranial skeleton of The-
riosuchus indicates that the taxon was capable of
different terrestrial locomotor modes (SALISBURY &
Frey 2000). This might suggest more terrestrial hab-
its, as it was also concluded for other atoposaurids
(BuscaLiont & Sanz 1988b, 1990b). However, The-
riosuchus was also able to swim (SALISBURY & FREY
2000) and therefore might not have been restricted
to either a terrestrial or an aquatic, shallow marine
environment as suggested by THiks et al. (1997).

As it is reconstructed, the locality where these
crocodiles have been found was first a system of es-
tuaries, rivers, lakes and swamps, and later became
more brackish by the temporarily transgressing sea.
This fits well with the reconstructed palaeoecologi-
cal requirements of the Oker crocodile fauna.
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