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ABSTRACT

An incomplete skull of an ichthyosaur attributed to Ichthyosaurus communis
CONYBEARE 1822 is reported from the Lower Sinemurian calcarenites (upper
part of the “Beggingen Member”, previously “Arietenkalk”, Semicostatum
zone) of Frick (Canton Aargau, northern Switzerland). It is the first record of
this genus and species in Switzerland, and the first definite record of the ge-
nus Ichthyosaurus from central Europe. This species was hitherto only known
from Lower Hettangian to Lower Sinemurian deposits of England and Up-
per Sinemurian sediments of Belgium. The specimen represents a particularly
large individual that considerably exceeds all known English representatives
of this species in skull length, and is closest in size to the single specimen from
Belgium. Unusual anatomical features include a strong coossification of the
posterior skull-roof bones (probably a result of an old ontogenetic age) and
a very elongate and deep excavatio internasalis. A short overview of substan-
tial Swiss Mesozoic ichthyosaur finds is provided. The Jurassic record appears
very patchy so far, but has been considerably improved thanks to recent dis-
coveries.

ZUSAMMENFASSUNG

Der unvollstidndige Schédel eines Ichthyosauriers in Sedimenten des Unteren
Sinemuriums (oberer Schichtenkomplex des “Beggingen-Members”, bislang
“Arietenkalk”, semicostatum-Zone) von Frick, Kanton Aargau, Schweiz
wird Ichthyosaurus communis CONYBEARE, 1822 zugeordnet. Diese Art war
bisher nur aus dem Hettangium und Unteren Sinemurium von England und
dem Oberen Sinemurium von Belgien bekannt. Es handelt sich um den er-
sten Nachweis dieses Taxons in der Schweiz und um den ersten definitiven
Nachweis der Gattung Ichthyosaurus in Mitteleuropa tiberhaupt. Das Ex-
emplar besitzt eine enorme Grofe, die die aller englischen Exemplare weit
ibertrifft und dem einzigen Fund aus Belgien nahe kommt. Ungewohnliche
anatomische Merkmale sind unter anderem die starke Koossifikation der
posterioren Schiddeldachelemente, die vermutlich durch das hohe ontogene-
tische Alter des Tieres bedingt ist, sowie eine sehr lange und tiefe Excavatio
internasalis. Ein kurzer Uberblick der mesozoischen Ichthyosaurierfunde der
Schweiz zeigt, dass insbesondere der jurassische Fossilbericht bislang sehr un-
vollstindig ist, sich aber in den letzten Jahren durch neue Funde betrichtlich
verbessert hat.

Introduction

The fossil record of ichthyosaurs in Switzerland is extensive,
spanning most of the Mesozoic (Fig.1). Numerous well-pre-
served skeletons of six different ichthyosaur genera have been
discovered in the Middle Triassic fossillagerstitte of Monte San
Giorgio (e.g. Sander 1989; Maisch & Matzke 1997a, b, 2000a;
Brinkmann 1998a, b, 2004; Maisch et al. 2006). From the Lower
Muschelkalk of Canton Aargau, Huene (1916) and Callaway &
Massare (1989) discussed incomplete Middle Triassic (Anisian)
specimens of mixosaurids and possible cymbospondylids.
Maisch & Matzke (2005) recently described a fragmentary
skull specimen of the mixosaurid Phalarodon major from the
Anisian of Aargau. The Lower Jurassic ichthyosaur finds from
Switzerland were summarized by Maisch & Reisdorf (2006a,

b). Lower Jurassic ichthyosaurs include a complete skeleton
of Stenopterygius longifrons from the Lower Toarcian of Tey-
sachaux (Huene 1939), two incomplete skulls of Early Toar-
cian age from the Staffelegg, a complete skull from the Lower
Toarcian of Asuel (e.g. Maisch & Reisdorf 2006a,b), a complete
skull and some associated postcrania of Leptonectes tenuiros-
tris that was recently discovered in Upper Pliensbachian depos-
its at Unter Hauenstein (Maisch & Reisdorf 2006a, b; Wetzel
& Reisdorf 2007), and a fragmentary indeterminate specimen
was described by Weidmann (1981) from the Lower Toarcian at
the Risseau de Chalevay near Montreux. In addition, numerous
finds at various localities from the Rhaetian (Kuhn 1951; Cal-
laway & Massare 1989; Mettraux & Mohr 1989; Furrer 1993;
H. Furrer, pers. comm. 2006), Lower, Middle and Upper Juras-
sic (e.g. Peyer & Koechlin 1934; den Brok et al. 2004) are still
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Fig. 1. Outstanding ichthyosaur finds from Switzerland. a, Laufenburg/AG
(Huene 1916); b, Schwaderloch/AG (Moesch 1857; Maisch & Matzke 2005);
c,Monte San Giorgio/TI (e.g. Brinkmann 2004); d, Fil da Stidier (Bergiin)/
GR (Furrer 1993); e, National Park region (Zernez)/GR (Furrer 1993); f,
Ramoz (Arosa)/GR (Furrer 1993); g, Alplihorn (Davos)/GR (Furrer 1993);
h, Schesaplana (Prittigau)/GR (Furrer 1993); i, Plan Falcon (Yvorne)/VD
(Mettraux & Mohr 1989; H. Furrer, pers. comm. 2006); j, Beggingen/SH (Friih
1962); k, Frick/AG (this paper); 1, Unter Hauenstein/SO (Maisch & Reisdorf
2006 a,b); m, Staffelegg/AG (Maisch & Reisdorf 2006 a, b); n, Asuel/JU (e.g.
Maisch & Reisdorf 2006a, b); o, Teysachaux/FR (e.g. Huene 1939) and Ris-
seau de Chalevay/FR (Weidmann 1981); p, Buckten/BL (den Brok et al. 2004);
g, Ormalingen/BL (den Brok et al. 2004); r, Born (Ruppoldingen) S Olten/SO
(Peyer & Koechlin 1934; Naturmuseum Olten, [register numbers NMO 20141
to 20216]); Paldontologisches Institut und Museum der Universitidt Ziirich
[register number PIMUZ A/III 0863]; s, Grellingen/BL (Peyer & Koechlin
1934); t, La Presta/NE (Ayer 2003).

undescribed. Ayer (2003) revealed a Cretaceous (Aptian) re-
cord was from La Presta (Canton de Neuchatel). For the sake
of completeness, we shall mention a not yet prepared rostrum
of a still undetermined ichthyosaur, stored in the Sauriermu-
seum Frick since 2006, discovered between Sisseln und Rhein-
felden (Canton Aargau) in sediments of the Rhine. Bones and
teeth are embedded in concretions with high pyrite content of
unknown stratigraphical origin (Lower Jurassic?).

In this paper, another important Swiss Jurassic ichthyosaur
find is described. The reported skull, possible rib fragment and
vertebrae (housed in the Sauriermuseum Frick), were found at
Frick (Canton Aargau, northern Switzerland; Fig. 2), by Hans
Hartmann in 1999. Despite these ichthyosaur remains were col-
lected from scree, their stratigraphical position can be precisely
dated to the Early Sinemurian (Early Jurassic). The reported
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Fig. 2. Map of northern Switzerland, with the position of the fossiliferous lo-
cality of Frick (BE: Bern; BS: Basel; ZH: Zurich; modified after Wetzel &
Allia 2000).
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ichthyosaur is the first substantial specimen from this age in
Switzerland, and one of the few diagnostic ichthyosaur speci-
mens from the Sinemurian in continental Europe.

Geological Setting

The Lower Jurassic sediments of northern Switzerland are 25
to some 70 m thick (e.g. Braun 1920; Kelterborn 1944; Miiller et
al. 1984), that is considerably less than in the adjacent areas of
Germany and France (e.g. Debrand-Passard 1984; Stoll-Steffan
1987; Bloos et al. 2005; Schmid et al. 2008). The Lower Jurassic
deposits mainly consist of mud- and marlstones, calcarenites
and limestones being intercalated. Frequently condensation,
hiatuses and abrupt facies changes occur within a short dis-
tance (e.g. Erni 1910, 1926; Buser 1952; Jordan 1983).

The Frick section is subdivided according to the concept
of the «Staffelegg Formation» (Fig. 3). The “Staffelegg Forma-
tion” is proposed to be used for the Early Jurassic sediments
in northern Switzerland that have hitherto informally been
summarized as the “Lias” (Jordan et al. 2008). Although the
Swiss Committee for Stratigraphy agrees with the concept, the
«Staffelegg Formation» has not be formally introduced yet
while unpublished.

At Frick, in contrast to other localities in Switzerland, most
of the Lower Jurassic is exposed in a clay pit (Meyer & Furrer
1995). This section exposes sediments of the Lower Hettangian
(Liasicus zone) to the Lower Toarcian (Falcifer zone) and is
about 30 m thick (Schlatter 1975; W. Etter, pers. comm. 2006;
own data). The Frick locality is famous for numerous finds of
skeletal remains of prosauropod dinosaurs belonging to Pla-
teosaurus and associated fauna (e.g. Galton 1986; Sander 1990,
1992; Hugi 2008) occurring in terrestrial Norian mudstones
(=“Oberer Steinmergelkeuper” of the “Steinmergelkeuper
Formation” sensu Etzold & Schweizer 2005). The Triassic de-
posits are overlain by marine Lower Hettangian bituminous
marls (Fig. 3: layers 1 to 9; “Schambelen Member”, previously
“Insektenmergel”; see Jordan et al. 2008).

Higher in the section, a ca. 4 m thick sequence is dominated
by calcarenites; it is of Late Hettangian to Late Sinemurian
age (Angulata zone to Obtusum zone) and represents the
“Beggingen Member” (previously known as the “Angulaten-
schichten” and the “Arietenkalk”; see Jordan et al. 2008). The
highly fossiliferous succession of layers 10 to 15, Late Hettan-
gian to Early Sinemurian in age (Angulata zone to Semicosta-
tum zone; Fig. 3), has revealed many disarticulated ichthyosaur
remains (e.g. ribs and vertebrae; Sander 1990; Meyer & Furrer
1995; Maisch & Reisdorf 2006a, b; H. Hartmann, P. Vogtli, pers.
comm. 2004).

For the age determination of the reported ichthyosaur re-
mains, both the lithofacies and the mode of weathering of the
layers 14 to 16 of the Frick section (= Semicostatum zone; Fig. 3)
are of great significance. Layer 14 is about 50 cm thick and
consists of quite resistant calcarenites rich in reworked phos-
phoritized moulds of invertebrates (Gryphaea, Plagiostoma,
Cardinia, Oxytoma) and phosphatic pebbles (e.g. Buser 1952:
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Fig. 3. Detailed section of the Lower Hettangian to Upper Sinemurian strata (Liasicus to Obtusum zone) at Frick. Abbreviations: O.T., Obtusus-Ton; B., Buck-
landi zone; ?, uncertain biostratigraphical affiliation. 1: sub-stage sensu Urlichs (1977); 2, Member after Reisdorf et al. in Jordan et al. (2008); 3, Member sensu
Miiller et al. (1984); 4, ammonite zone sensu Dean et al. (1961) and sensu Bloos (1979); 5, position of the boundary between Upper Hettangian and Lower
Sinemurian sensu Hoffmann (1934), Walliser (1956a, b) and Schlatter (1975); 6, “Schlotheimia cf. extranodosa” (Schlatter 1975: 86); 7, revision of “Psiloceras
(Caloceras) cf. johnstoni (Sow.)” (Schlatter 1975: 76).
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section 16; Gsell 1968; Schlatter 1975; Meyer & Furrer 1995).
The 10 to 20 cm thick layer 15 contains apparently slightly less
carbonate and less reworked phosphoritic pebbles and macro-
fossils, but exhibits a similar lithofacies (Peters 1964). It is less
resistant against erosion as the layers 14 and 16. Layer 16 is
about 50 cm thick and contains less macrofossils than the un-
derlying layers, although it is lithologically similar. Although
the reported specimens were retrieved from scree and were
not associated with datable ammonites, their stratigraphical
position has been reconstructed with certainty by a detailed
bio- and lithostratigraphical analysis, and the presence of the
characteristic phosphoritic facies and the erosion behaviour of
layer 15 (Fig. 3). The biostratigraphical age of the host stratum
has been identified as Semicostatum zone (Early Sinemurian).

Systematic Palaeontology

Order Ichthyosauria DE BLAINVILLE 1835

Family Ichthyosauridae BONAPARTE 1841

Genus Ichthyosaurus DE LA BECHE & CONYBEARE 1821
Type species Ichthyosaurus communis CONYBEARE 1822

Ichthyosaurus communis CONYBEARE 1822
(Figs. 4-7)

Material. — An incomplete skull (SMF 46), a possible rib frag-
ment (on the slab of SMF 46), two complete and a third frag-
mentary vertebra (SMF 66). The specimens are housed in the
Sauriermuseum Frick (Switzerland).

Emended diagnosis. — Large species, skull reaching more
than 600 mm in length, robust and moderately long snout
(ratio length of snout to length of jaw 0.57-0.69), moderately
large orbit (ratio of orbit length to jaw length 0.20-0.28, but
usually <0.25), less than 20 maxillary teeth, robust and curved
teeth, with blunt tips, roots never abruptly expanding, lacrimal
with enormous anterior extension below premaxilla, jugal with
rounded cross-section, quadratojugal moderately short dorso-
ventrally, reaching down distinctly below two thirds the orbital
height, quadrate ascending plate robust, not a thin lamina as in
Ichthyosaurus intermedius (modified from McGowan 1974 and
Maisch & Matzke 2000a).

Description. — The skull of Ichthyosaurus communis has
been described in detail by various authors (notably by Sol-
las 1916; McGowan 1973; with additions by Godefroit 1996;
Maisch & Matzke 2000b). Therefore, the present description
focuses on the important and unusual features.

The specimen is still embedded in the rock, in a slab ca.
700 x 500 mm in size (Fig. 4). Most of the snout is missing, but
the narial region is preserved on the right side (Fig.5). The
dorsal and part of the right as well as little of the left lateral
surfaces of the skull have been prepared (Figs. 4-6). Some ad-
ditional skull elements and several teeth, which have detached
from the major part of the skull, are spread over the slab and
have been partially prepared as well (Fig. 4). Except for a pos-
sible rib fragment there are no remains of the postcranium.
Two complete and a third fragmentary vertebra were found
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Fig. 4. Incomplete skull of Ichthyosaurus communis CONYBEARE 1822 (SMF
46), in dorsal view. a) Photograph. b) Interpretative sketch. Abbreviations:
?¢c, possible rib; d, teeth; eo, exoccipital; 1, lacrimal; n, nasal; p, parietal; pmx,
premacxilla; pof, postfrontal; pt, pterygoid; sq, squamosal; st, supratemporal.
Scale bar: 100 mm.

dismembered close to the cranium (Fig. 7). Their size fits to that
of the skull. They very likely derive from the same specimen
and are, therefore, briefly described and figured here.

A major portion of the cranium has undergone consider-
able dorsoventral distortion. Nevertheless, it retains much of
its three-dimensional structure. The preorbital portion of the
skull has suffered most from both distortion and weathering,
and sutures are in part hard to follow. The orbital and postor-
bital portions are, in contrast, very well preserved.

Parts of the posterior portions of both premaxillaries are
present, but strongly damaged. On the right side, the premaxilla
forms a straight suture with the nasal anterior to the naris and
also forms the anterior border of the naris (Fig. 5). The proces-
sus supranarialis is broken off, but it is still well preserved and
extends along the ventral margin of the naris for about 40 mm,
almost reaching the posterior margin of that opening. It is ven-
trally sutured to the lacrimal for its entire length. There a part
of the premaxilla is broken exposing the underlying lacrimal,
which extends anteriorly almost to the level of the anterior nar-
ial margin (Fig. 5). Ventrally, both lacrimal and premaxilla are



sutured to the maxilla anterior to and below the external na-
ris. Only the dorsalmost portion of the maxilla is exposed. The
postnarial portion of the lacrimal is strongly expanded dorsally
and posteroventrally, where it forms a process about 40 mm in
length (not completely prepared posteriorly) that took part in
the suborbital arch and ventral margin of the orbit. Dorsal to
the origin of this posteroventral process, the lacrimal is poste-
riorly covered by the descending lamina of the prefrontal, with
which it forms a straight, anterodorsally ascending suture. Dor-
sally, a convex contact with the nasal is established. At the junc-
tion of nasal, prefrontal and lacrimal a massive crack traverses
the bones and masks the sutures.

The prefrontal is only little exposed along the anterodor-
sal and dorsal orbital margin (Figs. 4-6). Its descending flange
is extensive and forms most of the anterior orbital margin. Its
exposure on the skull roof is only 15 mm wide at maximum.
A deep trough is formed along the nasal-prefrontal suture
(Fig. 5). In part it might be a preservational artifact caused by
dorsoventral compression.

The postfrontal is incomplete on the right side, but com-
plete on the left side (Figs. 4 & 6). It forms the posterior half
of the dorsal orbital margin. The contact with the prefrontal
is unclear, due to incomplete preservation. It is overlapped
by the nasal anteriorly. As the posteriormost portions of both
nasals are slightly damaged, parts of the underlying postfron-

I pmx

Fig. 5. Right circumnarial region of the skull of Ichthyosaurus communis
CONYBEARE 1822 (SMF 46). a) Photograph. b) Interpretative sketch. Ab-
breviations: I, lacrimal; mx, maxilla; n, nasal; pmx, premaxilla; prf, prefrontal.
Scale bar: 50 mm.

tal have been exposed in places. The suture between nasal
and postfrontal is strongly serrate in its lateral half, but more
or less gently concave medially. It ends about 55 mm medial
to the orbital margin on the left side. At this point, the post-
frontal forms a short, straight suture with the frontal. This
suture shows no major overlap between the bones on either
side.

Posteriorly the postfrontal is sutured to the parietal. The
suture extends from a point close to the anterolateral corner of
the temporal fenestra in an anteromedial direction for a length
of about 45 mm before the parietal contacts the frontal. The
amount of overlap between postfrontal and parietal again ap-
pears to have been limited. However, the surfaces of the bones
clearly indicate that a posterior sheet of the postfrontal that
overlapped the anteriormost portion of the parietal was origi-
nally present. The portion of the postfrontal situated between
the nasal anteriorly, parietal posteriorly and frontal medially
is only 15 mm wide medially. The posterolateral portion of the
postfrontal takes part in the formation of the anterolateral
margin of the temporal fenestra. That margin is formed by the
postfrontal for a length of about 35 mm on the left side. Further
posteriorly, the postfrontal is replaced by the anterior process
of the supratemporal. The anteriormost 25 mm of this process
are still attached to the postfrontal on the left side (Fig. 4). The
two bones form a very tight, almost closed suture. Whether
there was a medial lamella of the postfrontal covering the in-
ner wall of the supratemporal anteriorly is uncertain, due to
incomplete preparation.

The nasals are extensive elements. They form most of the
dorsal skull roof up to the level of half orbital length (the length
of the orbit can be assumed to have been about 200 mm from
comparison to other, more complete specimens). Special atten-
tion must be given to the expression of the excavatio internasa-
lis in the present specimen, which is, in fact, a conspicuous, deep,
trough-like structure that extends for a considerable length be-
tween the nasals and frontals and is, therefore, termed the fossa
nasofrontalis here (Figs. 4 & 6). It must be noted that some of
the structures descibed might be slightly overexaggerated due
to dorsoventral compression and a resulting spreading of the
nasals. Most of the structures, including the internasal foramen
and the deep fossa that extends almost to the foramen parietale
which follows it posteriorly are, however, definitely genuine.

From the level of half the length of the external naris, of
which the nasal forms the dorsal margin, the fossa nasofrontalis
starts as a narrow groove between both nasals. Anteriorly, it is
only 2 mm wide and very shallow, but at the level of the pos-
terior margin of the naris it has expanded to a width of 5 mm
and has deepened considerably. Shortly behind the level of the
anterior orbital margin, the groove expands again to a width of
now 10 mm. In fact the two nasals loose contact and enclose a
foramen internasale about 30 mm in length and 10 mm in width.
The lateral margins of the foramen seem to be intact, so there
is no evidence that it is an artificial structure. The lateral walls
of the fossa nasofrontalis are still formed by the nasals, which
bulge considerably dorsally on both sides, so that the midline
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groove and foramen are now situated in a deep trough, a true
fossa, about 25 mm wide and almost 20 mm deep.

The fossa continues up to a point only 20 mm anterior to
the foramen parietale. Its posterior border is formed by the
frontals, which also take part in the formation of its lateral
walls for a considerable distance further anteriorly. The fossa
has narrowed to a width of only about 14 mm at its posterior
end. In its depth, the midline groove is still present. A small
foramen pierces the frontal in the posterior wall of the fossa.
It is possibly an artifact. If not, it could indicate that the fossa
nasofrontalis communicated with the canalis parietalis.

Lateral to the fossa nasofrontalis, the nasals are flat plates
of bones that fan out posteriorly to establish contact with the
postfrontal and frontal (Figs.4-6). Their flat dorsal surface
is probably in part a result of compression. The suture with
the postfrontal was described above, that with the frontal is
strongly asymmetrical (Figs. 4 & 6). On the left side, it is almost
straight and directed medially and slightly anteriorly for about
20 mm then the suture turns almost straight anteriorly. A long
process of the frontal extends for about 55 mm forwards and
excludes the nasal from the lateral wall of the fossa nasofronta-
lis. On the right side, the contact between the nasal and frontal
is generally similar, except that the nasal largely overlaps the
anterior process of the frontal and covers it almost completely
after a distance of only 20 mm. Of course the possibility exists
that this apparent asymmetry is caused by part of the postero-
medial portion of the left nasal having broken off, exposing the
underlying frontal.

Posterior to the contact with the nasal, the frontal forms a
short suture with the postfrontal, as described above. At this
point, the bone extends furthest laterally. Posterior to that
point, the parietal-frontal suture runs medially and slightly
posteriorly, so that the frontal becomes rapidly narrower to-
wards the foramen parietale. At the level of the anterior mar-
gin of the foramen parietale, the two frontals are only 25 mm
wide, whereas they are 75 mm in width at the contact with the
postfrontals. The foramen parietale is bordered by the frontals
anteriorly and also laterally, as narrow processes of the bone
extend along the lateral margin of the aperture almost to its
posterior end (Fig. 6). Only the posterior margin of the fora-
men proper is formed by the parietals.

The parietals are massive bones, which form most of the
anterior, the entire medial and the medial posterior margins of
the extensive temporal fenstrae (Figs. 4 & 6). The left temporal
fenestra has a length of about 145 mm. The right one is only
115 mm in length. These discrepancies are probably due to dis-
tortion. The original length of the temporal fenestra was prob-
ably inbetween these two measurements, i.e. 120 to 130 mm.

Posterior to the foramen parietale, the two parietals join to
form a low, but massive crista sagittalis, which is 15 mm high
at maximum and extends for a length of 60 mm. The lateral
surfaces of the parietals are smooth except for marked ridges,
which extend dorsoventrally and take a posteriorly convex
course. They are situated about 15 mm behind the foramen pa-
rietale on both sides. As the parietals are traversed by a massive
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crack, almost 15 mm in width, at this level, the possibility exists
that these ridges are a result of distortion. The posterior por-
tion of the skull roof appears to have been pushed dorsally with
respect to the anterior part.

The descending flange of the parietal is an extensive, later-
ally convex plate of bone. The ventral contact to the epiptery-
goid is not exposed on either side. Posterolaterally, each parietal
is expanded into an occipital flange with a slightly concave pos-
terior surface and a reinforced dorsal margin. The midline be-
tween the occipital flanges also bears a wide and low bony ridge
(Fig. 4). All these ridges, the dorsal ridges and sagittal ridge of
the occipital flanges and the crista sagittalis are connected by a
roughened, cruciform platform of bone about 30 mm long and
25 mm wide.

It is remarkable that there is neither an indication of a sag-
ittal parietal suture, nor is it possible to determine the suture
between the occipital flanges of the parietal and the occipital
ramus of the supratemporal on either side (Figs. 4 & 6). From
comparison with other specimens it is clear, that part of the
supratemporal is still attached to the parietal in the preserved
parts of the posterior margin of the temporal fenestra on either
side. It therefore seems, that the posteriormost components of
the skull roof of the specimen must have been synostotically
connected and the sutures between the bones have become
completely obliterated. This can probably be regarded as an
indication of a very old individual age of the specimen.

The supratemporals are largely detached from the major
part of the skull. Only the anteriormost portion of the anterior
ramus of the left supratemporal and part of the occipital rami
of both bones are still attached to the postfrontal and parietals
respectively (Fig.4). That the bone should break rather than
detach along the sutures from the rest of the skull strengthens
the case for strong coossification made above.

A large plate of bone, that is situated posterolateral to the
right half of the skull, shows a natural margin of a skull open-
ing and a triradiate structure. It clearly represents most of the
broken and rotated right supratemporal (Fig. 4). It is remark-
able that the occipital ramus is really completely broken over
a large area of bone.

Asecond, plate-like element lies further laterally adjacent to
the right supratemporal, by which it is partially covered (Fig. 4).
It appears to have been a large but thin plate of approximately
triangular outline. It appears, therefore, most plausible that it is
the right squamosal that has completely detached from the rest
of the skull, a common phenomenon in post-Triassic ichthyo-
saurs (Maisch 1998).

A third, large element that has lost most of its original mar-
gins lies directly posterior to the skull. It probably represents
the detached part of the left supratemporal (Fig. 4).

Between the supratemporals, both exoccipitals are partially
exposed (Fig. 4). The left exoccipital, situated further posteri-
orly, shows its medial, the right one its posterior surface. Both
surfaces seem to be pierced by one large foramen each for
transmission of the nervus hypoglossus. The bones otherwise
confirm well to the detailed description of McGowan (1973).



Adjacent to the right orbit a partial right pterygoid is ex-
posed in ventral view (Fig. 4). The bone is incomplete anteri-
orly and the remaining parts are heavily restored. It shows no
noteworthy features.

Several indeterminate bone fragments are in addition
spread over the slab. Apart from those, there are also three
teeth (Fig. 4), which have all suffered heavy damage, but which
nevertheless provide some interesting and important data. The
largest tooth is 48 mm in apicobasal length. The root is strongly
damaged, but apparently had a somewhat rectangular rather
than rounded cross-section. The crown is about 16 mm long and
7 mm wide mesiodistally. It is markedly recurved. The crown is
covered with strong, widely spaced apicobasal ridges (about 2
per mm close to the base); its tip is blunt.

The two other teeth are less well preserved. One is signifi-
cantly smaller, only about 28 mm in total length. The second
one is incomplete, most of the root is missing. It was appar-
ently even larger than the best preserved large tooth. None of
the teeth shows any indication of carinae. What is visible of the
crowns corresponds to the description above.

Together with the skull, but not in direct association with
it, a slab of rock containing two complete ichthyosaur verte-
bral centra and a fragment of a third one was found (Fig. 7).
Although it is not beyond doubt that both specimens belong
to the same individual, the probability seems high, particularly
with regard to the general rarity of associated ichthyosaur re-
mains in the “Beggingen Member”.

The largest and best preserved centrum has a dorsoventral
sagittal height of 81 mm. The anterior articulation surface is
86 mm wide, the dorsal sagittal length is 39 mm. The vertebra
apparently represents a posterior thoracal or anterior cau-
dal centrum, as the single rib articulation facet, visible on the
left side, is situated well below half the height of the centrum.
Whether the articulation was double, as expectable for a tho-
racal vertebra, or single, as in a caudal, cannot be decided, as
both ventrolateral surfaces of the centrum are still covered by
matrix. The ventral surface is also inaccessible, so it remains
unclear whether there were haemapophyseal facets, although it
appears unlikely from what is visible. The anterior articulatory
surface is deeply and evenly concave. The width of the neural
canal and the facets for the neural arch is 37 mm anteriorly.

The second vertebral centrum is of almost equal size, be-
ing 82 mm in height and 85 mm in width. Its ventral surface is
partially exposed and shows no indication of haemapophyseal
facets. The lateral surfaces are, unfortunately either matrix-cov-
ered or so heavily damaged as to obscure the rib articulation
completely. The third centrum is so fragmentary that it is not
further determinable.

Comparison. — The lower Lower Jurassic of Europe has
yielded the remains of four ichthyosaur genera so far (Maisch
& Matzke 2000a), the temnodontosaurid Temnodontosaurus,
the ichthyosaurid Ichthyosaurus and the leptonectids Lepto-
nectes and Eurhinosaurus. It can be concluded by closer com-
parison that the newly descriped specimen does not belong

Fig. 6. Skull roof of Ichthyosaurus communis CONYBEARE 1822 (SMF 46). a)
Photograph. b) Interpretative sketch. Abbreviations: c. s., crista sagittalis; f,
frontal; f. in., foramen internasale; f. nf., fossa nasofrontalis; f. p., foramen pari-
etale; n, nasal; p, parietal; pof, postfrontal; prf, prefrontal. Scale bar: 50 mm.

to the following genera. (1) The leptonectids, Leptonectes and
Eurhinosaurus, are readily distinguished from the specimen by
their small temporal fenestrae, gracile snouts and long, slen-
der and unornamented teeth. (2) The members of the genus
Temnodontosaurus are usually much larger than the present
specimen. Nevertheless, the possibility exists that it represents
ajuvenile. This is strongly contradicted not only by the high de-
gree of coossification of the skull bones indicated above, which
demonstrates that the individual was probably very old, but
also by morphological features. The temnodontosaurids have a
long postorbital skull segment, even as juveniles. In the present
specimen, the postorbital skull segment was certainly less than
half as long as the orbital diameter. The teeth of temnodonto-
saurids, particularly of the early Early Jurassic species T. platy-
odon, bear marked carinae. No indication of them is found in
the present specimen. The nasals of Temnodontosaurus extend
far above the orbits to meet the parietals. They are clearly sepa-
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rated from the parietals by the postfrontals and frontals in the
present specimen.

The genus Ichthyosaurus is represented by three (McGowan
1974) or four (Maisch 1997; Godefroit 1996; Maisch & Matzke
2000a) species from the early Early Jurassic. Of these, only one,
Ichthyosaurus communis, is known to reach a skull length in ex-
cess of 500 mm. The present specimen shows numerous diagnos-
tic characters of I. communis, as the species was most recently
diagnosed by Maisch & Matzke (2000a, b): it is large, reaching
more than 600 mm in skull length, it has a moderately large or-
bit (as contrasted to the very large orbits of 1. breviceps and 1.
conybeari; see McGowan [1974] for more details), its teeth are
robust and curved, with blunt tips, their roots are never abruptly
expanding (in contrast to 1. intermedius; see Maisch [1997]), they
have in part a somewhat rectangular cross-section (Godefroit
1996) and the lacrimal has an enormous anterior extension be-
low the premacxilla (see Maisch & Matzke 2000b).

Some other diagnostic features, such as the morphology
of the jugal, quadratojugal and the number of maxillary teeth
can, of course, not be assessed in the present specimen due to
incomplete preservation. Nevertheless, it is evident that of all
the described early Early Jurassic ichthyosaurs, it can only be
referred to Ichthyosaurus communis. Most of the features de-
scribed above correspond well to what is known about that spe-
cies. Some unusual features of the specimen do not preclude
identification as I. communis. Although a foramen internasale
is not ubiquitously present in that taxon (Maisch & Matzke
2000b), it is characteristic of some individuals (McGowan 1973),
including the Swiss specimen. An extensive fossa nasofrontalis
is known to occur in several English specimens of I. communis
(A. Hungerbiihler, pers. comm.). The coossification of the pa-
rietals and supratemporals, although unusual, is probably best
explained as a result of very old age. This is well in accordance
with the very large size of the specimen, and therefore not con-
sidered to be of taxonomic significance. The strong crista sagit-
talis of the parietals is a bit unusual, but lower sagittal crests
are usually found in the smaller English specimens (McGowan
1973; pers. obs.) and can become quite conspicuous in the larger
ones, such as the skull sectioned by Sollas (1916). There is ap-
parently no major overlap between the frontal and postfrontal,
such as in the specimen described by Maisch & Matzke (2000b).
This is certainly in part a result of preservation. Nevertheless,
the overlap is seemingly not that considerable in large speci-
mens, as again demonstrated, for instance, by Sollas (1916).

The only discrepancy between the Swiss specimen and all
those hitherto published from the English lower Lower Jurassic
lies in its considerably larger size. The maximum mandibular
length of the English representatives of Ichthyosaurus commu-
nis is, according to McGowan (1974), who studied and mea-
sured 39 determinable specimens, 600 mm. The Swiss specimen
must have had a mandibular length of at least 900 mm, and this
is a conservative estimate. It is, thus, at least 1.5 times larger
than any of the English specimens.

However, such a large size is not unique for Ichthyosau-
rus communis, as was convincingly demonstrated by Godefroit
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(1996). He described an incomplete skull from the Upper Sine-
murian (Oxynotum zone) of Bonnert in Belgium. This speci-
men is of particular interest, as it is not only the stratigraphi-
cally youngest definite record of the genus Ichthyosaurus so
far, but it is also geographically closest to the new find from
Switzerland. Furthermore, it is the largest skull of Ichthyo-
saurus hitherto described. From Godefroit’s (1996) thorough
description and comparison it is evident, that the attribution
of the specimen to I. communis is, at our current limited state
of knowledge on these early Early Jurassic forms, justified. Al-
though the skull is not complete, Godefroit (1996: 83) clearly
indicates that the specimen must have surpassed the 600 mm
mandibular length given as maximum value for the English
specimens. In fact, it appears very plausible that his specimen
was not smaller than the Swiss individual. An isolated parietal
figured by Godefroit (1996) has a length of about 240-250 mm.
The same bone in the Swiss specimen is only about 170 mm
in length. The right postfrontal of Godefroit’s (1996) specimen
exceeds 140 mm in length, whereas it is only about 110 mm long
in the Swiss specimen.

It is therefore clear, that the Belgian Ichthyosaurus com-
munis described by Godefroit (1996) was at least as large, and
very probably considerably larger, than the new specimen
from Frick. As no such large Ichthyosaurus specimens have
ever been found in England, the question arises, whether a
taxonomic distinction existed between the English 1. commu-
nis and the specimens attributed to that species from the
Sinemurian of Europe. As far as morphological comparisons
are possible, there are at present, however, no characters apart
of larger size that could serve to separate either the Swiss
or the Belgian specimens from I. communis. This might be
due to the incomplete knowledge of the osteology of these
forms, which are only known from part of the skull. For the
time being, with the limited data presently at hand, it is at
any rate best to take a conservative course instead of erecting
a new taxon based on incomplete remains. We therefore re-
fer the Frick specimen formally to Ichthyosaurus communis
CONYBEARE 1822.

Fig.7. Two complete vertebral centra, probably posterior thoracals, and a
fragmentary third centrum extracted from the Lower Sinemurian (“Beggin-
gen Member™) at Frick (SMF 66). They might be associated with the reported
skull (SMF 46). Scale bar: 50 mm.



Discussion and conclusions

The discovery of Ichthyosaurus communis in the “Beggingen
Member” of Frick is an important addition to the marine rep-
tile fauna of the Early Sinemurian of Central Europe. Very few
diagnostic marine reptile specimens have ever been discov-
ered from these strata. There is no generically or specifically
diagnostic plesiosaur material known, although an incomplete
skeleton, including a partial skull, from the uppermost Lower
Sinemurian (“Alphadlschiefer”) was found in the 1990ies at
Balingen-Engstlatt (SW Germany). This specimen (housed in
the Staatliches Museum fiir Naturkunde, Stuttgart) remains
undescribed.

The “Alphadlschiefer”, a bituminous shale of the upper-
most Lower Sinemurian (Urlichs 1977; Klein 1986), has yielded
a number of ichthyosaur remains that have been reviewed by
Maisch (1999). Leptonectes tenuirostris, which was already in-
dicated by Huene (1922) is recorded by an ill-preserved but al-
most complete skull from Dusslingen (SW Germany). The oc-
currence of Temnodontosaurus cf. platyodon was indicated by
a partial postcranial skeleton (Maisch 1999), also from Dusslin-
gen. Other ichthyosaur remains from the “Alphadlschiefer”
proved undiagnostic as to species or even genus. Temnodonto-
saurus platyodon was so far also the only ichthyosaur species
definitely recorded from the typical “Arietenkalk-facies” of SW
Germany. The record of this taxon is based on a well-preserved
partial premaxilla that was described in detail by Berckhemer
(1938).

Some fragmentary material including teeth and a basisphe-
noid, that is very suggestive of Ichthyosaurus, was described by
Reiff (1935) from the uppermost Sinemurian of Malsch (SW
Germany). An isolated dentary, from the Lower Hettangian
(Planorbis zone), was noted as possibly belonging to Ichthyo-
saurus by Maisch (1999). Nevertheless, substantial and fully
diagnostic, associated skeletal remains of this genus, which is
the most common ichthyosaur by far in the lower Lower Ju-
rassic of England, were hitherto entirely missing from Central
Europe.

The new specimen from Frick closes this gap. Three of
the most common English lower Lower Jurassic ichthyosaurs,
Ichthyosaurus communis, Leptonectes tenuirostris and Temn-
odontosaurus platyodon are now definitely known from the
Lower Sinemurian of Central Europe. These three species
have also been reported from Lower Sinemurian to Lower
Pliensbachian strata of Belgium (Godefroit 1992, 1993, 1996),
Leptonectes tenuirostris has also been recorded from the Up-
per Pliensbachian of Switzerland (Maisch & Reisdorf 2006a,
b). Therefore the lower Lower Jurassic (and probably also the
little known middle Lower Jurassic) ichthyosaur faunas of Cen-
tral, W and NW Europe appear to be very uniform (Maisch
1999). A palaeobiogeographical separation did probably not
take place until the Early Toarcian, when it is quite obvious,
not only in ichthyosaurs but also in the plesiosaurs and thalat-
tosuchians (Godefroit 1994; Maisch & Ansorge 2004). The re-
construction of the palacobiogeographical history of the Early

Jurassic ichthyosaurs in Europe is affected by the still rare oc-
currence of Pliensbachian specimens (Hungerbiihler & Sachs
1996; Maisch & Hungerbiihler 1997; McGowan & Milner 1999;
Maisch & Reisdorf 2006 a, b).
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