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Abstract. The nothosauroid sauropterygian Simosaurus is re-
ported for the first time both from Italy and from the lower Carnian
(lowermost Upper Triassic). Diagnostic dorsal neural arches and clavi-
cles as well as dorsal ribs have been collected in the Rio dal Lago
Formation near Dogna (Friuli). Purported Simosaurus remains from
the Ladinian of Austria cannot be attributed to this genus with cer-
tainty and the presence of additional articular structures in the dorsal
neural arch (“infraprezygapophyses” and infrapostzygapophyses) can-
not distinguish Simosaurus from Bobosaurus if the craniocaudal polar-
ity or other vertebral features are unknown.

Riassunto. 1l saurotterigio notosauroide Simosaurus & segnalato
per la prima volta in Italia e nel Carnico basale (Triassico superiore).
Archi neurali dorsali e clavicole diagnostici del genere, nonché costole
dorsali, sono stati rinvenuti nella Formazione di Rio del Lago presso
Dogna (Friuli). Resti attribuiti a Simosaurus trovati nel Ladinico au-
striaco non possono essere riferiti con certezza a questo genere e la
presenza di strutture articolari supplementari negli archi neurali (“in-
fraprezigapopfisi” e infrapostzigapofisi) non consentono di distinguere
Simosaurus da Bobosaurus se la polaritd cranio-caudale o altri caratteri
vertebrali non sono noti.

Introduction

The nothosauroid sauropterygian Simosaurus is
one of the most characteristic and well-known marine
reptiles that inhabited the shallow sea covering Central
Europe during the Middle Triassic. It has been de-
scribed in several papers between 1842 and 2000 (e.g.,
H. v. Meyer 1842; Huene 1921, 1948, 1952, 1959; Riep-
pel 1994, 2000).

Recently Mr. Roberto Rigo found about 150 scat-
tered fossil bone remains in the debris of a small land-
slide occurring in the lower Carnian rocks of the upper

part of the Lavaz Creek in the western Julian Alps of
north-eastern Italy (Fig. 1). Most of those bones are
referable to Simosaurus. This is the first record of the
genus in Italy and, together with other recent discov-
eries, allows a reconsideration of its stratigraphic and
geographic distribution.

Terminology

The neural spine is here considered as a part of the neural arch
(Goodrich 1930; Romer 1956). The neural arch height is measured from
the top of the centrum, or from the neurocentral sutural surface, to the
apex of the neural spine as a line normal to the dorsal surface of the
centrum. The neural spine height in the dorsal vertebrae is measured as
in Rieppel (2001) from the dorsal surface of the transverse process up to
the dorsal margin of the spine. The centrum height is measured from
the top of the neural canal to the bottom edge of the centrum.

Infraprezygapophysis, infrapostzygapophysis, zygosphene and
zygantrum are articular structures described in the dorsal vertebrae of
Simosaurns (Huene 1952; Rieppel 1994, 2000). The zygosphene is an
anterior (cranial) articular device made of a median lamina that bifur-
cates ventrally, whereas the zygantrum is a posterior (caudal) depres-
sion crossed in the middle by a thin, vertical lamina (this can be ob-
served in the isolated Simosaurus vertebrae at the GPTI and in SMNS
14733; pers. obs.). The infraprezygapophysis in the meaning of Rieppel
(1994, 2000; the term was taken from Huene 1952, p. 167), is an
additional, ventral articular surface of the prezygapophysis. The term
“infraprezygapophysis” is used here in brackets because actually it is
not a true apophysis (i.e., a process) distinct from the prezygapophysis.
Instead, the prezygapophysis is crossed mediolaterally by a more or
less shallow groove that separates a dorsal prezygapophyseal facet
from a ventral prezygapophyseal facet. A true infraprezygapophysis
would be a separate, additional articular process ventral to the prezy-
gapophysis.

The work used as a reference for the systematics of the stem-
group Sauropterygia is Rieppel (2000).

Specimens are deposited at the Museo Friulano di Storia Na-
turale (MFSN), Udine, Italy. Other institutional abbreviations: GPTI =

Via Marche 33, 1-33037 Colloredo di Prato (Udine), Italy. E-mail: fabdalla@tin.it
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Fig.1 - Location of the field site (as-
terisk) close to the Dogna
village in northern Friuli,

Udine Province, NE Italy.

Dogna Torrent

Geologisch-Paliontologisches Institut der Universitit, Tiibingen, Ger-
many; MNHN = Muséum national d’Histoire naturelle, Paris, France;
SMNS = Staatliches Museum fiir Naturkunde, Stuttgart, Germany.

The Simosaurus record

The taxonomic and systematic history of the
genus Simosanrus is convoluted.

According to Rieppel (1994, 2000) Simosaurus is a
monotypic genus represented by the species S. gaillar-
doti H. v. Meyer, 1842 based on skulls and lower jaws
(both the lost holotype and the neotype MNHN
AC.9028 chosen by Rieppel 2000) from quarries opened
in the upper part of the Upper Muschelkalk (uppermost
Anisian to basal Ladinian according to Hagdorn &
Rieppel 1999; semipartitus Ammonoid Zone, lower La-
dinian according to Rieppel 2000) of Réhainvillers near
Lunéville (France). It shows peculiar features such as a
broad, flat and brevirostrine skull with unconstricted
snout and “tooth crowns broad and blunt, distinctly
set off from tooth base” and with “enamel distinctly
striated” (Rieppel 1994, p. 4; 2000, p. 61). Three of such
skulls from the Upper Muschelkalk of Lunéville are at
the Muséum National d’Histoire Naturelle, Paris (Riep-
pel 2000). Fourteen skulls and two lower jaws have been
reported from different horizons in the Upper
Muschelkalk near Crailsheim (Baden-Wiirttemberg,
Germany) according to Rieppel (1994). Most are from
the upper part of the Upper Muschelkalk (Discocerati-
tenschichten; nodosus through semipartitus Ammonoid
Zone, lower Ladinian according to Hagdorn & Rieppel
1999, p. 663). A skull was collected in the upper part of
the Upper Muschelkalk (Lower Ladinian) of Riiblingen
near Kupferzell (Baden-Wiirttemberg) (Rieppel 1994).

A skull from the Lettenkeuper (Ladinian, Hag-
dorn & Rieppel 1999; early to middle Ladinian, Hag-
dorn & Rieppel 1999; upper Ladinian, Rieppel 2000) of
Hoheneck near Ludwisburg (Baden-Wiirttemberg) was
considered as a separate species (S. guilielmi) by H. v.

Meyer (1847-55) but was later synonymized with .
gaillardoti by Rieppel (1994).

A skull from the lowermost Gipskeuper (upper-
most Ladinian according to Hagdorn & Rieppel 1999)
of Obersontheim (Baden-Wiirttemberg) was described
as S. guilielmi var. angusticeps by Huene (1959) and
considered as S. gaillardoti by Rieppel (1994). Mounted
with this skull in a slab exhibited at GPTI is a partial,
articulated skeleton (GPTI, uncatalogued) (Huene
1959) from the same locality and horizon. The neck in
the slab is artificial and the skull and postcranium were
found separated, although associated and close to each
other. Tetrapod remains are exceedingly rare in that fa-
cies of Gipskeuper (“Alabastergips”) and the association
of the skull and postcranium makes it highly likely that
they are from the same individual. The postcranium is
in such a poor state of preservation that Rieppel (1994)
did not take it into account in his redescription of Si-
mosanrus. However, this is the only case of a Simo-
saurus skull associated with postcranial material and
the youngest reported occurrence of the genus.

The only other partial, associated skeleton with-
out skull (SMNS 14733) was collected in the uppermost
Muschelkalk (lower Ladinian according to Hagdorn &
Rieppel 1999, p. 663) of Tiefenbach near Crailsheim
(Huene 1952). SMNS 14733 preserves most of the post-
cranial skeleton excluding the pectoral girdle, in particu-
lar six centra and three neural arches from the cervical
region, 26 centra and 28 neural arches from the dorsal
region, five sacral vertebrae according to Huene (1952),
three according to Rieppel (1994), and two proximal and
one distal caudal vertebrae. The skeleton was fully dis-
articulated and the bones were completely removed
from the matrix before the study by Huene (1952). A
cast was made before preparation but was later lost dur-
ing World War II. Thus Huene (1952) did not know
about the original position of the bones in the slab. Its
attribution to Simosaurus is based on the association of
some teeth with a broad crown distinctly set off from the
base, typical of this genus, with the postcranial bones.
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Based on comparisons with the elements of the
two postcranial skeletons (apparently only on SMNS
14733, according to Rieppel 1994) a vertebra, isolated
pectoral girdle elements, humeri, femora and a tibia
from some sites of the Upper Muschelkalk near Crail-
sheim were attributed to Simosaurus gaillardoti (Riep-
pel 1994). An interclavicle from Hegnabrunn near
Kulmbach (Bavaria, Germany), humeri from Wahlheim
(Rheinland-Pfalz, Germany), Schwenningen (Baden-
Wiirttemberg) and Ludwisburg (Baden-Wiirttemberg),
a femur from Wolfsbuch near Creglingen (Baden-Wiirt-
temberg), all found in the Upper Muschelkalk, were
also attributed to this species.

It is unclear from Rieppel (1994) how the isolated
shoulder girdle bones could be attributed to Simosanrus,
as the shoulder girdle is not preserved in SMNS14733
(Rieppel 1994, p. 16), and only the coracoid is complete
in GPTI, uncatalogued. I will consider this attribution
as valid fide Rieppel (1994).

According to the German and French material,
Rieppel (1994, p. 4; unmodified in Rieppel 2000) diag-
nosed the genus on the base of both cranial and post-
cranial characters. The diagnosis of the species S. gail-
lardoti is the same as for genus because of monotypy
(Rieppel 1994, p. 5). The diagnostic characters of inter-
est for the scope of this work are: tooth crowns broad
and blunt, distinctly set off from tooth base, enamel
distinctly striated; vertebrae platycoelous and non-no-
tochordal with “infraprezygapophysis” and infrapost-
zygapophysis in addition to zygosphene and zygan-
trum; clavicle with short anterolateral process. Rieppel
(1996, 2000) also seems to consider as diagnostic of
Simosaunrus the distally broadened dorsal ribs, a feature
not included in that diagnosis (but see the discussion
section for more details).

Remains belonging to a single skeleton from the
Partnachschichten (possibly its upper part, late Ladi-
nian) of Braz, Vorarlberg, Northern Calcareous Alps
(Austria) consist of a string of 15 articulated dorsal ver-
tebrae, two incomplete and one complete disarticulated
dorsal vertebrae, a left scapula with a fragment of the
clavicle, a fragmentary coracoid, several complete and
fragmentary, distally broadened, dorsal ribs. They were
originally the type material of Partanosaurus zitteli Sku-
phos, 1893a (Skuphos 1893a, b), but later were identi-
tied as Simosaurus cf. gaillardoti by Rieppel (1996), be-
cause of features of the neural arch (shape of the zyga-
pophyses, neural canal, transverse processes and neural
spine) and ribs. This attribution is questioned below in
the discussion section. Simosaurus is reported on the
base of a fragmentary, distally broadened rib also from
the Arlbergschichten (middle Ladinian) of Tyrol, Aus-
tria (Rieppel 2000).

A skull fragment, half of a pectoral girdle, an in-
terclavicle and a sacral rib from Makhesh Ramon, Ne-

gev, Israel were attributed to Simosaurus sp. (Rieppel et
al. 1999). They come from the lower member of the
Saharonim Formation, Anisian-Ladinian boundary.

Finally, a dorsal neural arch from the Middle
Triassic Jilh Formation of Saudi Arabia is referred to
Simosaunrus because of the presence of “infraprezygapo-
physes” and “infrapostzygapophyses” (Vickers-Rich et
al. 1999).

It is worth to note that vertebrae from Austria
and Saudi Arabia and the clavicle from Israel have fea-
tures diagnostic of Simosaurus gaillardoti as the diagno-
sis of the genus coincides with that of the species, but
Rieppel (2000, p. 64) considers them “not diagnostic at
species level”.

Summarizing, the remains to date attributed to
Simosaurus span the whole Ladinian (Fig. 2A1) and
the genus occurred from the Central European Basin
to the Gondwanian margin of Tethys (Fig. 2B).

Locality, age, geology and associated sauropterygians

The new specimens come from the upper Lavaz
Creek, 600 m above sea level, near the Prerit and Balador
localities of the Dogna village, Udine Province, northern
part of the Friuli-Venezia Giulia Autonomous Region,
NE Italy (Fig. 1), lat. 46° 27" 16" N; long. 13° 19" 02" E.

They were collected from a small landslide accu-
mulation that originated from the collapse of a 1.5
metre-thick stratigraphic section consisting of well-
bedded, nodular limestone and thin intercalations of
blackish to dark greenish, clayey marl. The limestone
is dark grey to blackish, heavily bioturbated and often
rich in bivalves and crinoid remains. The bones occur in
the limestone. A dorsal neural arch of Simosaurus and a
placodont palatine tooth were collected in sitw in the
lowermost limestone bed of the section; the other speci-
mens were preserved inside scattered limestone blocks
found in the debris.

The section is in the lower part of the Rio del
Lago Formation which is dated to the early Carnian
(Julian; aonoides Ammonoid Subzone) according to its
palynomorph and ammonoid content (Preto et al. 2005;
Dalla Vecchia 2006) and the conodonts occurring in the
lithostratigraphic unit (“dolomie del Rio di Terra Ros-
sa”) immediately below (Jadoul & Nicora 2000; Preto et
al. 2005) (Fig. 2A2).

The Rio del Lago Formation in the Dogna area, as
well as the nearby Cave del Predil area (formerly Raibl)
where the historical stratotype of the Carnian stage is
located, is rich in shallow water marine invertebrates
(molluscs, corals, echinoderms) and has also yielded
vertebrate macrofossils (Sirna et al. 1994; Rieppel &
Dalla Vecchia 2001; Dalla Vecchia & Avanzini 2002;
Dalla Vecchia 2006). The lower-middle part of the unit
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Fig.2 - Al) Stratigraphic distribution of specimens attributed in literature to Simosaurus (asterisks; question mark for questionable attribu-

tions); the peak of abundance is in the uppermost Muschelkalk. A2) The stratigraphic column of the Dogna zone (based on Preto et
al. 2005); the asterisk marks the stratigraphic position of the Simosaurus specimens from Lavaz Creek. B) The early Ladinian
palacogeographic map of western Tethys (based on Gaetani et al. (2000); symbols mark the position of Simosaurus occurrences:
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Vindelician High.

is made of well-bedded alternances of nodular limestone
and marl, with a thick oolitic bank at the base; the
depositional environment is considered a subtidal car-
bonate-clastic ramp (Preto et al. 2005).

Sauropterygians, all coming from the lower part of
the formation, are represented by the cyamodontoid pla-
codont Protenodontosaurus italicus Pinna, 1990, the
nothosauroid Nothosaurus (Rieppel & Dalla Vecchia
2001), the possible pistosaurid Bobosaurus forojuliensis
Dalla Vecchia, 2006 and possibly pachypleurosaurians
(pers. obs.). Vertebrate remains are relatively rare and
are found occasionally as single scattered bones and
teeth, or complete but isolated skulls for placodonts;
only the holotype of Bobosaurus forojuliensis is a nearly
complete and slightly disarticulated skeleton (Dalla Vec-
chia 2006).

Systematic Palaeontology

Amniota
Sauropterygia Owen, 1860
Eosauropterygia Rieppel, 1994
Eusauropterygia Tschanz, 1989

Nothosauroidea Baur, 1887-90
Simosauria Rieppel, 2000
Simosauridae F.v. Huene, 1948

Simosaunrus v. Meyer, 1842

Simosaurus aff. gaillardoti v. Meyer, 1842
Figs 3-7

Description of the material unquestionably be-
longing to Simosaurus. The sample includes a complete
dorsal vertebra (MFSN 31870, Fig. 3A), four complete
and isolated dorsal neural arches (MFSN 34884-34887;
Fig. 3B-D), a partial centrum with the basal part of its
neural arch (MFSN 34996), three incomplete dorsal
neural arches (MFSN 34888-34890; all with the articular
apophyses at least partly preserved), four apical parts of
neural spines (MFSN 34892, 34903, 34907, 34908), se-
ven isolated dorsal centra (MFSN 34891, 34893, 34894,
34896, 34898, 34900, 34902) and four partial transverse
processes (MFSN 34895, 34897, 34899, 34901).

Two arches (MFSN 31870, MFSN 34884; Fig. 3A-
B) were closely associated with their centra, although
they are not fused to them but separated by sutures (as
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Fig.3 - Dorsal vertebrae. A) Dorsal vertebra (MFSN 31870) in A1) cranial; A2) caudal; A3) right lateral view. B-D) Neural arches (from left
to right: MFSN 34884, 34886 and 34885) in B1-D1) cranial; B2-D2) caudal views. Scale bar equals 2 cm.
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usual in stem-group sauropterygians). Neural arch
height ranges from 64.5-58 mm (it ranges from 77-72
mm in SMNS 14733), maximum width across the trans-
verse processes ranges from 52.5-50 mm (it ranges from
59-55 mm in SMNS 14733), the height of the neural
spine ranges from 36-32 mm. Neural arches show the
“infraprezygapophysis” and infrapostzygapophysis.
The prezygapophysis is wedge-shaped with the “infra-
prezygapophysis” as the ventral facet, whereas the in-
frapostzygapophyses and postzygapophyses form an X-
shaped articular structure in the caudal part of the arch
that receives the wedge-shaped prezygapophysis (Figs.
4-5). The zygosphene is a thin, bifid, vertical blade that
receives a thinner, median, vertical blade of the deep
zygantrum. The transverse processes are massive, with
a rectangular outline in caudocranial view, occupying
the whole subspinal part of the neural arch, extending
far down along the neural arch pedicels. The neural
canal is rectangular, high and mediolaterally narrow.
The neural spine slightly flares apically both in lateral
(maximum anteroposterior width 20-17 mm, mode 17
mm) and in craniocaudal (maximum width 9.5-6 mm,
mode 9.5 mm) views. The apical part of the neural spine
is dorsoventrally grooved, with 5-7 grooves that fade at
the base of the upper third of the spine (Fig. 4A-B). The
grooves are slightly curved cranially in some specimens
(Fig. 4B). The apical margin of the spine is not horizon-
tal, but inclined caudocranially; i.e. the caudal margin of
the spine is higher than the cranial one. The apical sur-
face of the spine is rough and crossed craniocaudally by
one or two grooves (Fig. 4C-E). The internal, finely
spongy (i.e., not hollow) part is visible in the broken
neural spines. The more or less complete, isolated dorsal
centra have the same shape as those of vertebrae MFSN
31870 and MFSN 34884, and a comparable size. They
are constricted and have expanded, subcircular (higher
than wider) articular facets (i.e., they are very unlike the
cylindrical centra with parallel lateral edges of Notho-
sauridae; Rieppel 2000). They are amphicoelous, with a
deep neural canal groove and large platforms for the
neural arch projecting laterally. Centra are small com-
pared to the massive neural arches. The maximum dor-
soventral height ranges from 29-22 mm, width from 24-
23 mm (not considering the projecting platforms) and
length from 20.5-17 mm.

There are at least 17 distal portions of dorsal ribs
(MFESN 34909-34912, 34920-34932; Fig. 5 left) that un-
questionably show a marked distal broadening. They
are striated longitudinally, flattened caudocranially, re-
curved medially and slightly caudally (i.e., with concav-
ity facing medially and caudally). MFSM 34909 (Fig. 5
left) shows an extreme broadening as the midshaft
breadth is only 7.5 mm whereas the distal breadth is
225 mm. The distal termination of the ribs has two
spongy facets, one facing ventromedially, the other ven-

Fig. 4 - Neural spines. A) Right lateral view of MFSN 34907; B)

right lateral view of MFSN 34886; C-E) apical view of,
from left to right, MFSN 34888, 34886 and 34889. Scale
bar equals 0.5 cm.

trolaterally. The distal width ranges from 28.3-22.2 mm,
mean 25.2 mm (it ranges from 25-23 mm in SMNS
14733).

The other 35 more fragmentary specimens
(MEFSN 38855, 38869, 38871-38879, 34934-34941,
34943-34950) represent distal portions of dorsal ribs
with the same morphology.

Sixteen more or less complete proximal rib por-
tions (MFSN 34880-34883, 34960-34962, 34964-34972;
Fig. 5 right), all of a similar size, have a wide, fan-like
holocephalous articular part that tapers to a rod-like,
recurved shaft. Most likely they are the proximal part
of the distally broadened dorsal ribs, although most of
them are not sickle-like as the Simosaurus dorsal ribs
(see SMNS 14733) and the articular facet is always small
compared to the size of the transverse processes of the
vertebrae collected in the site. In fact, as shown in the
distal segment MFSN 34909 (Fig. 5 left), the middle part
of the shaft in the dorsal ribs is extremely thin, as it is in
the proximal segments.

Twelve fragmentary, holocephalous articular parts
(MFSN 34973-34984) and ten curved shaft fragments
(MFSN 34858-34861, 34863-65, 34867-34868, 34870)
also plausibly belong to dorsal ribs.

Two partial clavicles of similar size (MFSN
34904-34905; Fig. 6), a right and a left one, are 58 and
60 mm long, respectively. Only the zone of the medial
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Fig. 5

- Dorsal ribs. Left, distal segments (from left to right: MFSN 34909, 34911, 34910 and 34912). Right, proximal segments (from top to

bottom: MFSN 34882, 34883, 34880 and 34881). Scale bar equals 2 cm.

bending, showing the expanded “clavicular corner” de-
scribed by Storrs (1991), is preserved. Ventrally the cla-
vicle is slightly convex, whereas dorsally it is flat with a
deeply excavated medial margin. In the more complete
MFSN 34904 the “clavicular corner” has a wide, thin
blade that is broken in MFSN 34905. The cranial seg-
ment of the clavicle is tubular and hollow inside. Both
specimens show a distinct process, which is short but
robust and points craniodorsally and only slightly lat-
erally.

Description of the material tentatively attribu-
ted to Simosaurus. The following specimens were found
associated to the vertebrae, ribs and clavicles but their
attribution to Simosaurus is uncertain.

An isolated, incomplete tooth crown is 12 mm
long apicobasally, conical and basally recurved, with a
regularly striated surface (MFSN 34915; Fig. 7A). It is
unlike the characteristic mid-jaw teeth of Simosaurus
gaillardoti, but could be a more mesial tooth. Mesial
lower jaw teeth of S. gaillardoti are relatively elon-
gated, recurved and apicobasally striated (cf. SMNS
7861). It differs from Nothosaurus crowns which are
slightly sigmoidal, with more spaced apicobasal ridges
(see Dalla Vecchia & Avanzini 2002, fig. 7) and is
similar to other isolated teeth found in the Rio del
Lago Formation of the Dogna zone (see Dalla Vecchia
& Avanzini 2002, fig. 6).

A rib, which is 55 mm long, has a fan-like, asym-
metrical proximal part and an expanded, paddle-like
and thickened distal one (Fig. 7B). It resembles some

of the sacral ribs of SMNS 14733 in craniocaudal view
(according to Huene 1952, fig. 31-32; Rieppel 1994, fig.
20B, wrongly reported them as in lateral view). It is
strongly flattened caudocranially (polarity according
Huene 1952). It does not belong to Nothosauridae,
which have apomorphic sacral ribs that lack a distinct
expansion of the distal end (Rieppel 2000).

A right scapula (MFSN 34913; Fig. 7C) has a
typical sauropterygians morphology, with a large (66.5
mm long craniocaudally, 37 mm high and 28 mm of
maximum lateromedial width) and massive body (the
“glenoid portion” of Rieppel 2000) and a strap-like,
narrow, short and posterodorsally directed blade (the
“dorsal wing” of Rieppel 1994 and “ascending process”
of Rieppel 2000). The scapular body is flat laterally and
convex medially. A notch, visible in medial view, corre-
sponds to part of the coracoidal foramen and separates
the cranial part from the slightly offset caudal part. The
caudal part bears a wide, triangular articular surface
divided into two elongated facets. One is the scapular
contribution to the glenoid, facing caudoventrolaterally;
the other is the coracoidal facet, facing caudoventrally.
Only a very shallow triangular depression without a
rough surface can be observed in the region where there
should be the clavicular facet according to Rieppel
(1994). The scapular blade is incomplete (broken dis-
tally), flattened lateromedially and slightly recurved lat-
erally. This scapula differs from that of Simosaurus gail-
lardoti figured by Rieppel (1994, fig. 26A) in the deeper
body, the shallower coracoidal foramen and the smaller
blade. MFSN 34913 differs also from Nothosaurus sca-
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Fig. 6

- Clavicles. A-A1) Ventral and dorsal views of MFSN 34904, right clavicle; B-B1) ventral and dorsal views of MFSN 34905, left clavicle.

Abbreviations: cdp = craniodorsal process. Scale bar equals 2 cm.

pulae figured in Rieppel (1994, fig. 54) and Rieppel et al.
(1999, fig. 47), and even more from the scapula of
Nothosaurus jagisteus Rieppel, 2001 (Rieppel 2001, fig.
7-8C) and that of N. cf. giganteus Miinster, 1834 (Riep-
pel 2000, fig. 8). It resembles the scapula of Partano-
saurus zitteli (Skuphos 1893b; Rieppel 1996, fig. 5), con-
sidering that the area of the apparently missing coracoid
foramen was reconstructed in plaster in the latter.

The upper portion of a sauropterygian ilium
(MFSN 34914, Fig. 7D) is 31.5 mm high and the incom-
plete blade is 28 mm long. Only the dorsal end of the
much expanded acetabular portion is preserved as there
is no trace of the facets for the sacral ribs. This prevents
recognizing whether it is a right or left element; as one
side is more convex than the other, and supposing it is

the lateral side, MFSN 34914 could be a left ilium. The
iliac blade is separated from the acetabular portion by a
relatively narrow neck. The caudally broken postace-
tabular process is much larger than the medially bent
preacetabular process. This ilium is rather unlike that of
Simosaurus (Rieppel 1994, fig. 28A-B), as well as those
of Nothosaurus (Rieppel 1994, fig. 50; Rieppel et al.
1999, fig. 49). It resembles the ilium of Bobosaurus foro-
juliensis (Dalla Vecchia 2006, fig. 13), although it is
much smaller.

Discussion. Although we cannot be sure about
the exact stratigraphic provenance of each specimen
(i.e., the single bed), all the fossils come from a re-
stricted area and a very narrow stratigraphic section of
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Fig. 7

- Other skeletal elements possibly belonging to Simosaurus. A) Tooth (MFSN 34915); B) probable sacral rib (MFSN 34906); C) right

scapula (MFSN 34913) in medial view (C1) and lateral view (C2); D) ?left ilium (MFSN 34914) in ?medial view (D1) and ?lateral view

(D2). Scale bar equals 1 cm.

a thick unit where vertebrate remains are not very com-
mon. Some specimens (MFSN 28917 and MFSN 34886)
were collected in situ in a limestone bed at the base of
the section that apparently was the only vertebrate-
bearing bed. Most of the other specimens were pre-
served inside limestone fragments of similar aspect;
more remains, disarticulated but close to each other,
were often present on a single limestone block. Possibly
most of the specimens of the sample, if not all, originate
from a single, fossiliferous bed, probably the basal one.
All the vertebral remains found in the site have roughly
similar sizes (excluding two very small eosauroptery-
gian centra) and could come from a single individual.
They are the only vertebral remains in the sample: no
cervical, pectoral, sacral or caudal vertebrae, and also no

other dorsal vertebrae with a different morphology
were found in the site (excluding the two small eosau-
ropterygian centra). Apparently only a trunk portion
(or trunk portions of individuals of the same size) was
involved in the small landslide.

The dorsal neural arches still associated to their
respective, unfused centra and the close association of
dorsal vertebrae and ribs in some limestone fragments
suggests that the trunk portion/s was/were not totally
disarticulated. Probably the partial disarticulation was
enhanced by the invertebrate bioturbation visible in the
original blocks.

Neural arches show the “infraprezygapophysis”
and infrapostzygapophysis considered diagnostic of Si-
mosaurus gaillardoti by Rieppel (1994, 2000) (but see
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Fig. 8

- Dorsal vertebrae of Simosaurus gaillardoti (A, SMNS 14733; A1, cranial view; A2, caudal view; A3, left lateral view) and Partano-

saurus zitteli (B, complete, disarticulated dorsal vertebra, cranial view, from Rieppel 1996). Abbreviations: gr = mediolateral groove or
depression that separates the dorsal zygapophyseal facet from a ventral zygapophyseal facet (“infraprezygapophysis”) in the pre-
zygapophysis; ipoz = infrapostzygapohysis; “iprz” = “infraprezygapohysis”; iprz = true infraprezygapohysis; no = notch; poz =
postzygapohysis; prz = prezygapophysis; zyg = zygantrum; zyp = zygosphene. Scale bar equals 2 cm.

below for a discussion on this character). Not only the
“infraprezygapophysis” and infrapostzygapophysis, but
also the overall morphology of the neural arch and cen-
trum, and their relative proportions with a centrum
comparatively small with respect to the neural arch,
the high and rectangular neural canal, the large, dorso-
ventrally high and massive transverse processes, the
neural spine not very short nor very tall and with an
apicobasally striated apical part are similar to those in
the dorsal vertebrae of SMNS 14733 (Rieppel 1994;
pers. obs.).

The clavicles undoubtedly show a diagnostic fea-
ture of Simosaurus gaillardoti (presence of a short cra-
niolateral process; Rieppel 1994, 2000). The distal dorsal
rib portions are expanded as those of Simosaunrus and
associated with Simosaurus dorsal vertebrae. Dorsal ribs
distally expanded, not sickle-shaped, very thin at mid-
shaft and with a proximal head smaller than the corre-
sponding transverse process occur in Partanosaurus zit-
teli (Simosaurus for Rieppel 1996, as seen above, but see
below for an argumentation against this attribution)
(Skuphos 1893b; Rieppel 1996).

The sacral rib does not belong to Nothosauridae
and could plausibly be simosaurian. However, the pre-
sence in the sample of the placodont tooth (MFSN
28917), two small hexagonal osteoderms of a cyamo-
dontoid placodont (MFSN 34918) and two very small
eosauropterygian centra (MESN 34916-34917) shows

that the assemblage is not monospecific. Also, as seen
above, other sauropterygians are reported from the
same basal interval of the Rio dal Lago Formation of
the Dogna environs. Thus some of the specimens here
described (mainly the small ilium, but possibly also the
scapula and the tooth) can only tentatively be attributed
to the same taxon as the dorsal vertebrae and ribs, hence
to Simosaunrus.

The main diagnostic feature in the axial skeleton
of Simosaurus is the peculiar articulation between dorsal
neural arches, with wedge-like apophyses fitting inside
socket-like structures. However, this kind of articula-
tion occurs also in the pectoral to the proximal caudal
vertebrae of Bobosaurus forojuliensis (Dalla Vecchia
2006). Thus, the simple morphology of the articular
structures does not allow a distinction between Simo-
saurus and Bobosaurus. Some other features distinguish
between the two:

1) the wedge-like zygapophyses are located on
the caudal surface of the neural arch in Bobosaurus (its
vertebral column is preserved articulated), whereas in
Simosaurus they are cranial (this cannot be ascertained
in SMNS 14733 now, but can be observed in GPTI,
uncatalogued), i.e. on the side with the zygosphene.
The polarity is therefore reversed in the two;

2) the neural spines are comparatively much taller
in Bobosaurus and are hollow inside;
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3) pre- and postspinal laminae are wide in Bobo-
saurns dorsal vertebrae, but less developed in Simo-
saunrus;

4) the transverse processes of the dorsal vertebrae
are ventrodorsally narrower, caudocranially thicker and
project further laterally in Bobosaurus than in Simo-
sanrus.

Features 2-4 allow the definitive attribution of the
disarticulated vertebrae from the Lavaz Creek to Simo-
saurus. Furthermore, dorsal ribs of Bobosaurus are not
as broadened distally as those of Simosaurus and apo-
morphically bear distinct uncinate processes (Dalla Vec-
chia 2006).

The presence of similar zygapophyses in Bobo-
saurus means that all attributions to Simosaurus based
solely on the articular structures of the dorsal neural
arch must be reconsidered.

According to Rieppel (1996) the dorsal vertebrae
of Partanosaurus zitteli have postzygapophyses and in-
frapostzygapophyses on the caudal side of the arch,
thus they belong to Simosaurus. However the incom-
pletely preserved structures, apparently four paired
apophyses, occur in the cranial side, as the presence
of the bifid zygosphene testifies (Fig. 8B), so they are
prezygapophyses and infraprezygapophyses. That is
different from the condition described above for Simo-
saurus and also from that of Bobosaurus (which unlike
the Austrian taxon has dorsoventrally narrower trans-
verse processes in the dorsal vertebrae and very tall
neural spine), suggesting that those vertebrae belong
to a different taxon (i.e., Partanosaunrus zitteli could
be a wvalid species). Distally broadened dorsal ribs
would therefore not be a diagnostic feature of Simo-
saurns as they occur also in Partanosaurus. Conse-
quently also the Arlbergschichten specimen cannot be
unambiguously referred to Simosanrus. The sharing of
distally broadened dorsal ribs by different nothosau-
roid species was noted by Rieppel (1996, fig. 6), who
reports two of such ribs from the upper Gipskeuper
(lower Carnian) of Baden-Wiirttemberg as “Sauropte-
rygia indet.” In fact, Rieppel (2000) does not list “dis-
tally broadened dorsal ribs” as a diagnostic feature of
Simosaurus gaillardoti. The apicobasally grooved apical
part of the dorsal neural spine is not a feature unique to
Simosaurus and Partanosaurus, but also occurs in
Nothosanrus jagistens Rieppel, 2001, N. tchernovi Haas,
1980, Augustasanrus hagdorni Sander, Rieppel & Bu-
cher, 1997 (although with apomorphic “double facets
of unfinished bone near the posterior end of neural
spine” in middle dorsal vertebrae; Rieppel et al. 2002),
and incipiently also in Bobosaurus forojuliensis.

The dorsal neural arch from Saudi Arabia is iso-
lated and its actual caudocranial polarity is unknown.
The transverse processes are massive, with a rectangular
outline in caudocranial view, extending far down along

the neural arch pedicels (Vickers-Rich et al. 1999, fig.
5D). The neural arch is figured only in caudal view and,
according to Vickers-Rich et al. (1999), the pre- and
infraprezygapophysis are broken. Therefore, its attribu-
tion to Simosaurus, although possible, cannot be con-
firmed.

Although very similar to those of S. gaillardot,
the dorsal vertebrae from Lavaz Creek differ in some
details. They are smaller than those of specimen SMNS
14733. The transverse process lacks a ventral notch (see
Fig. 8A1-2) and is confluent with the laterally project-
ing neural pedicel of the centrum. The neural spine is
comparatively much shorter craniocaudally (cf. Figs
3A3 and 8A3). Centra are amphicoelous (as in Partano-
saurus; Rieppel 1996) instead of platycoelous, compara-
tively smaller and more constricted. Also, the extreme
upper-midshaft thinning of the dorsal rib does not occur
in SMNS 14733. If the neural arches and the dorsal ribs
from Lavaz Creek belong to the same individual, as it
seems probable, or to more individuals of the same size,
the width of the distal end of dorsal ribs compared to
neural arch height is comparatively higher than in
SMNS 14733. Thus the Friulian Simosaurus had ribs
proportionally more expanded distally. Furthermore,
the short cranial process of the clavicle is turned dorso-
cranially instead of projecting straight cranially.

This, united to the younger age and the different
palacogeographic provenance, would suggest the be-
longing to a separate species. However, I am not con-
fident in instituting a new taxon on such a few osteolo-
gical differences and a limited sample without skull ele-
ments. Thus, I prefer to consider the Friulian material as
belonging to a Simosaurus species close to S. gaillardoti,
pending the discovery of more complete skeletons for
its formal definition.

With the addiction of Simosanrus, the sauropte-
rygian association from the basal part of Rio del Lago
Formation of Dogna area can be considered one of the
richest and most diverse such Carnian faunas in the
world.

Sauropterygians are common also in the verte-
brate association from the Fusea site (Tolmezzo,
Udine), about 25 km south-west the Dogna area, occur-
ring just above the top of the Dolomia dello Schlern
Formation and therefore possibly slightly younger in
age (latest Ladinian-earliest Carnian) than those of
Dogna area (cf. Fig. 2A2). They include a cyamodon-
toid placodont unlike Protenodontosaurus and closer to
Cyamodus (Rieppel & Dalla Vecchia 2001; Rieppel &
Nosotti 2002) and a large Nothosaurus species (N. cf.
giganteuns) (Rieppel & Dalla Vecchia 2001); also the pro-
lacertiform Tanystropheus (lacking in the Rio del Lago
Formation of Dogna zone) occurs (Dalla Vecchia 2000).
They are found at the base of a thick sequence of black
limestone (“formazione della Val Degano”), with some
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evidence of brackish or fresh water influence (coal le-
vels) and poorly differentiated invertebrate faunas (no
corals, no echinoderms, few bivalves, some gastropods)
(Dalla Vecchia 2000). This means that Simosaurus
reached the Alpine region later, or that it was very sen-
sitive to the environmental conditions.

Conclusions

Simosaunrus, a eusauropterygian found mainly in
the Ladinian of Central Europe is reported for the first
time in Italy and for the first time unambiguously in the
Upper Triassic. This is the further evidence of the con-
nection of the Central European Basin and the Alpine
region based on marine tetrapod record (e.g., Rieppel
2000; Rieppel & Dalla Vecchia 2001, for Nothosaurus
giganteus; Rieppel & Dalla Vecchia 2001, for Placodus;
Dalla Vecchia 2004, for Tholodus). It is the youngest
record of Simosaurus to date. The genus was relatively
common in the uppermost Muschelkalk (earliest Ladi-
nian) of the Central European Muschelkalk basin; it

became rarer there during the middle and late Ladinian
(Lettenkeuper and lower Gipskeuper) and apparently
did not reach the Carnian. During the early Carnian it
survived in or migrated to the Alpine region (Julian
Alps) where the environmental conditions existing in
Central Europe during the deposition of the uppermost
Muschelkalk (shallow marine carbonate ramp with local
oolite shoals; Hagdorn & Rieppel 1999, p. 663) and
disappearing in the Gipskeuper time, still existed.

The identification of Simosanrus based only on
the presence of “infraprezygapophysis” and infrapost-
zygapophysis is no longer possible, as this feature is
shared with Bobosaurus.

Acknowledgements. I thank Mr. Roberto Rigo, who found the
specimens and helped in their preparation for the study, Dr. Rainer
Schoch for the access to the collections under his care at the Staatliches
Museum fiir Naturkunde, Stuttgart, Dr. Michael Maisch for the help at
the Institut fiir Geologie und Paldontologie, University of Tiibingen. I
am indebted to Mr. Stephen Brusatte, University of Bristol, for the
revision of the English text. Finally, I thank Dr. Michael Maisch and
Prof. Silvio Renesto for the critical review of the manuscript.

REFERENCES

Dalla Vecchia EM. (2000) - Tanystropheus (Archosauromor-
pha, Prolacertiformes) remains from the Triassic of
the Northern Friuli (NE Italy). Riv. It. Paleont.
Strat., 106(2): 135-140, Milano.

Dalla Vecchia EM. (2004) - First record of the rare marine
reptile Tholodus schmidi from the Middle Triassic of
the Southern Alps. Riv. It. Paleont. Strat., 110(2): 479-
492, Milano.

Dalla Vecchia EM. (2006) - A new sauropterygian reptile
with plesiosaurian affinity from the Late Triassic of
Italy. Riv. It. Paleont. Strat., 112(2): 207-225, Milano.

Dalla Vecchia EM. & Avanzini M. (2002) - New scattered
remains of Triassic reptiles from northeastern Italy.
Boll. Soc. Paleont. It., 41(2/3): 215-235, Modena.

Gaetani M. et alii (35 co-authors) (2000) - Map 5 - Early
Ladinian (238-235 Ma). In: Dercourt J., Gaetani M.,
Vrielynck B., Barrier E., Biju-Duval B., Brunet M.E,
Cadet J.P,, Crasquin S. & Sandulescu M. (Eds.) - Atlas
Peri-Tethys, Palaeogeographical Maps, CCGM/
CGMVW, Paris.

Goodrich E.S. (1930) - Studies on the structure and devel-
opment of vertebrates. 837 pp., University of Chicago
Press edition 1986, Chicago.

Hagdorn H. & Rieppel O.C. (1999) - Stratigraphy of marine
reptiles in the Triassic of Central Europe. Zentralbl.
Geol. Paldont., Teil I, 1998 (7-8): 651-678, Stuttgart.

Huene EFE. von- (1921) - Neue Beobachtungen an Simo-
saurus. Acta Zoologica, 1921: 201-239, Stockolm.

Huene F. E von- (1948) - Simosaurus and Corosanrus. Am. J.
Sci., 246: 41-43, New Haven.

Huene EF. von- (1952) - Skelett und verwandtschaft von
Simosaurus. Palaeontographica Abt. A, 102: 163-182,
Stuttgart.

Huene EF von- (1959) - Simosaurus guilielmi aus dem un-
teren Mittelkeuper von Obersontheim. Palaeontogra-
phica Abt. A, 113: 180-184, Stuttgart.

Jadoul E & Nicora A. (2000) — La discontinuita stratigrafica
del Ladinico sommitale del Rio di Terra Rossa (Do-
gna, Alpi Giulie). Riassunti delle comunicazioni orali e
dei posters — 80° Riunione Estiva S.G.I. - Trieste, 287-
288.

Meyer H. von- (1842) - Simosanrus, die Stumpfschnauze, ein
Saurier aus dem Muschelkalke von Luneville. N. Jb.
Mineral., Geogn., Geol. Petr.-Kunde, 1842: 184-197.

Meyer H. von- (1847-55) - Zur Fauna der Vorwelt. Die
Saurier des Muschelkalkes mit Riicksicht auf die Saur-
ier aus buntem Sandstein und Keuper. Heinrich Kel-
ler, Frankfurt am Main.

Preto N., Roghi G. & Gianolla P. (2005) - Carnian strati-
graphy of the Dogna area (Julian Alps, northern
Italy): tessera of a complex palaeogeography. Boll.
Soc. Geol. It., 124: 269-279, Roma.

Rieppel O.C. (1994) - Osteology of Simosaurus gallairdoti
and the relationships of stem-group Sauropterygia.
Fieldiana, 28: 1-85, Chicago.

Rieppel O.C. (1996) - The status of the sauropterygian rep-
tile Partanosaurus zitteli Skuphos from the Middle



First record of the sauropterygian Simosaurus from the Late Triassic of Italy 285

Triassic of the Austrian Alps, with comments on Mi-
croleptosaurus schlosseri Skuphos. Paldont. Z.,70(3/4):
567-577, Stuttgart.

Rieppel O.C. (2000) - Sauropterygia I. In: Wellnhofer P.
(Ed.) - Handbuch der Palioherpetologie, Part 12A
134 pp., Verlag Friedrich Pfeil, Miinchen.

Rieppel O.C. (2001) - A new species of Nothosaurus (Rep-
tilia: Sauropterygia) from the Upper Muschelkalk
(Lower Ladinian) of southwestern Germany. Pa-
laeontographica Abt. A, 263: 137-161, Stuttgart.

Rieppel O.C. & Dalla Vecchia F. M. (2001) - Marine Reptiles
from the Triassic of the Tre Venezie area, northeastern
Italy. Fieldiana, 44: 1-25, Chicago.

Rieppel O.C., Mazin, ].-M. & Tchernov E. (1999) - Saurop-
terygia from the Middle Triassic of Makhtesh Ramon,
Negev, Israel. Fieldiana, 40: 1-85, Chicago.

Rieppel O. & Nosotti S. (2002) - A skull of Cyamodus
(Sauropterygia, Placodontia) from the Triassic of Fu-
sea, Province of Udine, Northeastern Italy. At Soc.
It. Sc. Nat. Mus. Civ. St. Nat. Milano, 142: 173-183,
Milano.

Rieppel O., Sander M.P. & Storrs G.W. (2002) - The skull of
the pistosaur Augustasaurus from the Middle Triassic
on nortwestern Nevada. J. Vert. Paleont., 22(3): 577-
592, Lawrence.

Romer A.S. (1956) - Osteology of the Reptiles. Third im-
pression (1976). 772 pp., The University of Chicago
Press, Chicago & London.

Skuphos T. (1893a) - Vorliufige Mitteilung iiber Partano-
saurus Zitteli, einen neuen Saurier aus der Trias. Zo-
ologischer Anzeiger, 16: 67-69, Leipzig.

Skuphos T. (1893b) - Uber Partanosanrus Zitteli Skuphos
und Microleptosaurus Schlosseri nov. gen., nov. spec.,
aus den Vorarlberger Partnachschichten. Abbandl. k.-
k. geol. Reichsanst., 15: 1-16, Wien.

Sirna G., Dalla Vecchia EM., Muscio G. & Piccoli G. (1994)
- Catalogue of Paleozoic and Mesozoic Vertebrates
and Vertebrate localities of the Tre Venezie area
(North Eastern Italy). Mem. Sci. Geol., 46: 255-281,
Padova.

Storrs G. W. (1991) - Anatomy and relationships of Coro-
saurus alcovensis (Diapsida: Sauropterygia) and the
Triassic Alcova Limestone of Wyoming. Bull. Pea-
body Mus. Nat. Hist., 44: 1-151, New Heaven.

Vickers-Rich P., Rich T.H., Rieppel O.C., Thulborn R.A.
& McClure H.A. (1999) - A Middle Triassic Verte-
brate fauna from the Jilh Formation, Saudi Arabia.
N. Jb. Geol. Paliont. Abh., 213 (2): 201-232, Stut-
tgart.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


