
����������	
���	�
	����������

����	���	�����	���������
	���
�	��������


����
��	����
�	� ���	!�������"

������� 	
��

����� ��������
�����
����� ������� ������ �
�

The preservation of digestive structures of trilobites is extremely rare. Here we describe two new examples of trilobites
from the Upper Ordovician Letná Formation (Prague Basin, Czech Republic), which display remains of the digestive
system. The first specimen, assigned to Selenopeltis buchi (Barrande, 1846), exhibits cavities under the posterior part of
the glabella and the axis of most thoracic segments. These cavities are interpreted as remains of metamerically paired di-
gestive caeca and constitute the first example of preserved digestive structures in the order Odontopleurida. The second
specimen belongs to Birmanites ingens (Barrande, 1852) and displays a tube-like structure, filled with a finely-grained
material, that runs under the axial lobe of the entire trunk. We interpret this structure as a gut infilling similar to that re-
peatedly observed in the Moroccan Basilicus calzadai. These specimens confirm that the depositional environment of
the Letná Formation was locally favourable to soft-tissue preservation. They also further document the presence of two
different types of digestive systems in trilobites. The possibility that different processes might have been involved in the
preservation of different parts of the trilobite gut is discussed, and several criteria to differentiate genuine gut remains
from scavenger burrows are proposed. • Key words: trilobites, digestive system, soft-tissue preservation, Letná Forma-
tion, Upper Ordovician, Czech Republic.
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With almost 4,000 genera (Jell & Adrain 2003) and more
than 20,500 species (Adrain 2008) described, trilobites re-
present one of the best documented fossil groups of the Pa-
laeozoic Era. Despite this impressive record, clearly sug-
gesting that trilobites were one of the most important
components of marine invertebrate communities of that
time, our knowledge of their internal anatomy is surpri-
singly limited. Recently, Lerosey-Aubril et al. (2011) re-
ported that remains of the digestive system of trilobites had
been described in less than 25 species and in most cases,
from a single specimen only. If the few examples omitted
in this work (Kordule 2006, Alberti 2009) or reported/illus-
trated since its publication (Corbacho 2011, Eriksson &
Terfelt 2012, Lerosey-Aubril et al. 2012, Zhu et al. submit-
ted) are considered, it appears that the morphology of the
digestive system of trilobites is partially known in some
0.7% of the genera and 0.15% of the species. There is not

a single report for four of its ten orders (i.e. Harpetida,
Odontopleurida, Proetida, and Agnostida, assuming that
these latter are trilobites). However, understanding the ana-
tomy of trilobite digestive system and its evolution through
time could permit a better assessment of the diversity of
their feeding habits and of their position(s) within marine
food webs in the Palaeozoic.

The Lower Palaeozoic of the Barrandian area (Czech
Republic) has significantly contributed to the documenta-
tion of the morphology of trilobite digestive systems. In-
deed, putative remains of digestive structures have been
described or illustrated in four trilobite genera from this
area in the past: Conocoryphe (Cambrian, 2 specimens;
Budil & Fatka 2008; Fatka et al. 2008), Dalmanitina (Or-
dovician, 1 specimen; Šnajdr 1991), Deanaspis (Ordovi-
cian, 22 specimens; Barrande 1852; Beyrich 1846; Přibyl
& Vaněk 1969; Šnajdr 1990, 1991), and Ptychoparia
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(Cambrian, 3 specimens; Jaekel 1901, Šnajdr 1958, Kor-
dule 2006). In this contribution, we described two addi-
tional examples of fossilized digestive structures in Ordo-
vician trilobites from the Czech Republic. This includes
the first report of the preservation of such structures in the
order Odontopleurida.
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The first specimen (NML 15662) described herein belongs
to the original collection of Barrande deposited at the Nati-
onal Museum (Prague University). It has been collected in
the Upper Ordovician Letná Formation at the locality of
Veselá, near the city of Beroun (Fig. 1), and is assigned to
Selenopeltis buchi (Barrande, 1846) (for a recent revision
of the genus Selenopeltis, see Bruton 2008). In Barrande’s
monograph (1852, pl. 37, fig. 25), an idealised reconstruc-
tion of this specimen was illustrated, which omitted the
presence of the putative remains of digestive structures
described herein.

The second specimen investigated (NML 38812) is a
large asaphid that we attribute to Birmanites ingens (Bar-
rande, 1846). It has also been collected in the Letná Forma-
tion, but at the locality of Trubská (Fig. 1), by Mr.
Bartoníček who kindly donated it to the National Museum,

Prague. Asaphus ingens Barrande, 1846 has been consid-
ered the type species of a new genus, Megasaphus, by
Kácha & Petr (1996), but as correctly pointed out by Vaněk
(1997), the diagnostic characters of this new taxon were in
fact typical of the genus Birmanites Sheng, 1934.
Megasaphus was therefore logically considered a subjec-
tive junior synonym of Birmanites by Vaněk, a view later
followed by Shaw (2000) and Vaněk & Valíček (2001) and
accepted herein.

For comparative purposes, a specimen of Basilicus
calzadai Corbacho, 2011 from the Izegguirene Formation
(Upper Ordovician) in Jbel Tijarfaouine (Morocco), ini-
tially illustrated in Van Roy (2006, fig. 1.14b), is refigured
herein. It exhibits remains of the digestive tract, the mor-
phology and preservation of which are strikingly similar to
that encountered in the specimen of Birmanites ingens.
This specimen (SMF 96342) from Morocco has been gen-
erously donated by P. Van Roy to the Senckenberg Re-
search Institute of Frankfurt am Main, Germany.

All the specimens considered herein have been studied
using optical microscopes (Microscope NIKON SMZ
1500, Leica S8APO). Photographs of specimens NML
38812, NML 15662, and MCZ 184156 were taken using a
digital camera Camera NIKON D 300 after being coated
with ammonium chloride. Specimen SMF 96342 was left
uncoated and photographed using a digital camera
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���	$% A – map of the Czech Republic and the Barrandian area. • B – sketch map of the Prague Basin showing location of the Drabov, Veselá and
Trubská outcrops at which the exceptionally preserved trilobites with soft parts have been found. • C – stratigraphy of the Ordovician of the Prague Basin
with marked level at which the trilobite specimens were collected (stratigraphy modified from Budil et al. 2011).
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Panasonic DMC-TZ18 (macro mode) to permit colour dif-
ferences between the putative digestive tract and the
exoskeleton to be visible. The drawings of the specimens
were made from these photographs using Corel Draw X3
and Photoshop CS5. Lastly, the terminology used below
follows that proposed by Whittington et al. (1997), includ-
ing the following abbreviations: exs. – exsagittal, sag. –
sagittal, tr. – transverse.
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The concept of the Letná Formation has been initially pro-
posed by Kettner & Prantl (1948) for a thick complex of
quartzose sandstone, greywacke, siltstone and pelites ra-
pidly alternating vertically. This concept was later formali-
zed and detailed by Havlíček & Vaněk (1966) and Havlí-
ček (1992, 1998). The Letná Formation is the thickest
lithostratigraphic unit of the Ordovician of the Prague Ba-
sin, exceeding locally 600 m in thickness between Prague
and Beroun. Its lower boundary corresponds to the onset of
a thick, rhythmically bedded quartzose sandstones, biotur-
bated quartzose sandstones, siltstones and greywackes
(Kukal 1958, 1998). It outcrops in many localities, but only
some of them have yielded fossils. Chlupáč (1965) recog-

nized three main fossiliferous levels within the Letná For-
mation from the study of various outcrops in the Děd Hill
(“Drabow”, now Drabov; Fig. 1B), but at present it is still
not clear whether these levels could all be identified else-
where in the Prague Basin.

A rather diverse fauna composed of brachiopods,
trilobites, echinoderms, conularids, and non-trilobite arthro-
pods (Havlíček & Vaněk 1966, Havlíček 1998) has been
found in outcrops located between Zdice and Chrustenice.
This area probably represented a rather shallow environ-
ment in the north-western part of the basin (Šnajdr 1956,
Havlíček 1992). The fossils are usually fragmentary and
preserved as internal or external moulds associated with an-
gular claystone fragments within quartzose sandstones to
siltstones. Accumulations of these fossil remains are com-
monly found in thick-bedded quartzose sandstones of
light-grey and yellow or grey-brown colour (see Šnajdr
1990), which might have been deposited in areas sheltered
from wave activity by sand bars (Chlupáč 1965).

Fossil associations of the Letná Formation have been
intensively studied by Havlíček (1982), Havlíček &
Vaněk (1966, 1990), Havlíček & Fatka (1992), more re-
cently the earlier data were summarized and discussed by
Servais et al. (2008) and Fatka & Mergl (2009). Locally
common ichnofossils were studied by Mikuláš (1998a).
Five major fossil associations are usually distinguished in

�/

������� ����� ��	���	�	�


���
��	���
	��	� ��
!���
	� 
"	���	#$$� 	� �
%�����	&���'	�
 "���
�

��
���	(% Sketch representing the distribution of the different biofacies associated with the late Sandbian Letná Formation. Shallowing of the basin with
quartzitic sands and greywackes inshore, siltstones and black shales offshore. Drabovia-Aegiromena Fauna with rich brachiopod associations (Drabovia
Community, Bicuspina Community), non-trilobite arthropods and the trilobite Dalmanitina-Deanaspis Association are characteristic for the inshore
quartzose sandstones, while a poor atheloptic trilobite association is typical for the offshore slope settings. Rare graptolites, Cyclopygid Biofacies and the
Paterula Association dominate in poorly oxygenated black shales in central parts of the basin. Modified after Fatka & Mergl (2009, fig. 11g).



this formation (Fatka & Mergl 2009, Havlíček 1998;
Fig. 2). The rich brachiopod dominated Drabovia Commu-
nity is associated with shallow water, well-sorted
quartzose sandstones. The Bicuspina Community, which

probably represents a slightly deeper environment, is typi-
cally found in the poorly sorted greywackes of the higher
horizons of the Letná Formation (e.g., Havlíček 1982).
These two communities constitute the Drabovia-Aegiro-
mena Fauna. In more proximal environments, this fauna is
replaced by the trilobite dominated Dalmanitina-
Deanaspis Association, which contains Birmanites ingens
and Selenopeltis buchi. The more distal, probably deeper
parts of the basin are characterized by a poorly diversified
atheloptic assemblage of trilobites associated with rare
graptolites. Lastly, trilobites of the so-called Cyclopygid
Biofacies (Fatka & Mergl 2009, fig. 11g) and brachiopods
of the Paterula Association are typical for the deepest por-
tions of the Prague Basin (Fig. 2). Interdital (Skolithos
ichnofacies) and near shore (Cruziana ichnofacies) envi-
ronments are also evidenced by ichnofossils (Chlupáč &
Kukal 1988; Mikuláš 1998a, b, 1999).

Fossilised gut remains have been observed in only four
of the twenty or so trilobite species (Havlíček & Vaněk
1966, Šnajdr 1956, Vaněk & Valíček 2001) present in the
Letná Formation: Birmanites ingens (herein), Dalmanitina
socialis (see Šnajdr 1991), Deanaspis goldfussi (e.g.
Šnajdr 1991), and Selenopeltis buchi (herein). These four
trilobites belong to the Dalmanitina-Deanaspis Associa-
tion, characterizing rather proximal and shallow environ-
ments of the Letná Formation. Interestingly, most of the
non-trilobite arthropods discovered in this formation, in-
cluding forms with non-mineralized exoskeleton, are also
found associated with D. goldfussi and/or D. socialis (e.g.
Chlupáč 1965, Rak et al. 2009, Ortega-Hernández et al.
2010). This suggests that the development of conditions
conducive to soft-tissue fossilization was not uncommon in
the environment represented by the Dalmanitina-Deana-
spis Association.
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Specimen NML 15662 (Fig. 3). – This specimen of Seleno-
peltis buchi (Barrande, 1846) is the internal mould of an
originally entire, articulated individual. However, the po-
sterior part of the trunk (i.e. posterior to the eighth thoracic
segment) is missing as well as most of the right part of the
dorsal exoskeleton. The portion preserved is 76 mm long
(sag.), which suggests it belongs to a holaspid stage. The
fact that the left librigena is still connected to the cranidium
indicates that the specimen is not an exuvia.

The axial lobe displays slightly abaxially located cavities
under the posterior half of the glabella and the anterior por-
tion of the thoracic axis (up to the fifth segment). Under
some thoracic axial rings, these cavities are observed on
both sides of the sagittal axis, suggesting that they were ini-
tially paired structures. On the left side of the axis, where the
cavities are more developed, they seem to be part of a single,
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���	)% Selenopeltis buchi (Barrande, 1846), National Museum
in Prague, NML 15662, Upper Ordovician Sandbian (= Berounian Re-
gional Stage), Letná Formation, the locality Veselá near Beroun.
• A – a photograph of the internal mould. • B – interpretative sketch. Dc –
pairs of cephalic gut diverticulae, Dt – pairs of thoracic gut diverticulae.
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elongate structure. A careful examination, however, shows
that the cavities are shallower at the junctions of axial rings.
Here, they probably represent bridges that appeared later
during diagenesis between the deeper cavities located under
the axial rings. We interpret these deeper cavities as the re-
mains of metamerically paired, digestive caeca. Although
not visible on both sides under all the segments concerned,
we hypothesize that S. buchi possessed at least six pairs of
such structures associated with the posteriormost cephalic
segment and the five anteriormost thoracic segments. The
absence of cavities under the axial rings of thoracic seg-
ments 6 to 8 might be due to the absence of digestive caeca
associated with these segments or the fact that the above ly-
ing material has not collapsed, as in the case of the right
sides of several, more anteriorly located axial rings.

Specimen NML 38812 (Fig. 4A, B). – This specimen of Bir-
manites ingens (Barrande, 1852) is also the internal mould
of an entire, articulated individual. It measures 154 mm in
length (sag.) and 85 mm (tr.) in width and exhibits eight
thoracic segments, suggesting it corresponds to a late ho-
laspid growth stage. Both the librigenae and the hypostome
are still in the in situ positions, which demonstrate that the
specimen represents a carcass.

The remains of a simple digestive tract are visible under
the axis from the second (possibly the first) thoracic seg-
ment to the tip of the pygidial axis in the form of an infilling

(Fig. 4B). The nature of this infilling is unknown, but it is
more finely grained than the matrix surrounding the speci-
men. The alimentary canal is straight, running sagittally up
to the fourth pygidial axial rings, where it slightly bent to
the left. Faintly expressed under the few anteriormost tho-
racic segments, it becomes more apparent from the 4th tho-
racic segment rearwards, due to abrasion of the medial part
of the axis. In the posterior portion of the pygidial axis, the
material filling the gut itself seems to have suffered from
weathering. In the cephalic region, the anterior portion of
the glabella has collapsed, allowing the hypostome, still in
in situ position, to be observed. The cavity hence formed
clearly represents the space enclosed by the hypostome
rather than remains of crop. This is confirmed by the ab-
sence of connection between this cavity and remain of the
digestive tract visible under the trunk axis.
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It has been hypothesized that at least two different types of
digestive systems were present in trilobites (Chatterton et
al. 1994, Lerosey-Aubril et al. 2011). The two specimens
described herein exemplify these two morphologies of the
trilobite gut.

��

��
���	+% Internal mould of Birmanites ingens (Barrande, 1852), National Museum in Prague, NML 38812; Upper Ordovician Sandbian (= Berounian
Regional Stage), Letná Formation, Beroun locality. • A – a photograph of the internal mould. • B – interpretative sketch. Basilicus calzadai Corbacho,
2011, Senckenberg Research Institute Frankfurt am Main, SMF 96342; Upper Ordovician, Izegguirene Formation, Jbel Tijarfaouine, Morocco, initially
illustrated in Van Roy (2006, fig. 1.14b). • C – a photograph of the internal mould. e – termination of the intestine.
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In Birmanites, only a simple, rather large digestive tract
is visible under the trunk axis. Recently illustrated speci-
mens of Basilicus calzadai Corbacho, 2011 (Van Roy
2006, fig. 1.14b and Fig. 4C herein; Corbacho 2011, pl. I,
figs 1–3) from the Ordovician of Morocco, confirm that
this gut morphology was common in large Ordovician
asaphids. A simple alimentary canal devoid of digestive
caeca has also been reported/illustrated in Deanaspis
goldfussi (see Šnajdr 1991) and Isotelus maximus (see Eng-
lish & Babcock 2007), as well as in various non-asaphid
trilobites (Lerosey-Aubril et al. 2011, table 1). Interest-
ingly, all these examples but one concern post-Cambrian
taxa, which suggests that a simple gut devoid of digestive
caeca might be a derived character for trilobites.
Lerosey-Aubril et al. (2011) made the assumption that a
simple intestine under the trunk axis might have been asso-
ciated with the differentiation of the foregut into a crop an-
teriorly (i.e. a pouch-like structure under the glabella). The
presence of a crop in trilobites have been repeatedly re-
ported, but as recently argued by Lerosey-Aubril et al.
(2011), it has been convincingly illustrated in Deanaspis
goldfussi (see Šnajdr 1991) and Triarthrus eatoni (see
Cisne 1981) only. As discussed above, the anterior portion
of the gut is not preserved in the specimen of B. ingens
studied herein, the large cavity present in the anterior por-
tion of the cephalic axis more likely representing the space
enclosed within the hypostome rather than a crop. How-
ever, it has been suggested that the presence of a crop was
associated with the development of a rather large frontal
glabellar lobe (Lerosey-Aubril et al. 2011) and indeed, this
region of the axis is well-developed in D. golfussi and
T. eatoni. In Nobiliasaphus nobilis, another Ordovician
asaphid, muscle scars in this part of the glabella have been
interpreted as indicative of the presence of an extrinsic
musculature associated with a small crop (Lerosey-Aubril
et al. 2011). Considering that Basilicus, Birmanites, and
Nobiliasaphus exhibit rather similar glabellar morpholo-
gies, it seems reasonable to assume that representatives of
the former two genera might have also possessed a modest
crop, in addition to the simple digestive tract repeatedly ob-
served under their trunk axis.

The specimen of S. buchi studied herein suggests that
the digestive system in this taxon probably comprised sev-
eral pairs of digestive caeca. Digestive caeca have been de-
scribed (or at least illustrated) in a great variety of trilobites
(Lerosey-Aubril et al. 2011, table 1), but this is the first re-
port of the presence of such structures 1) in a post-Cam-
brian trilobite and 2) within the order Odontopleurida.
Simple outpocketings of the digestive tract are also known
in various Cambrian arthropods (e.g. Cindarella – Ram-
sköld et al. 1997; Misszhouia – Vannier & Chen 2002),
which gives further credence for their presence being a
plesiomorphic character for trilobites. Unlike naraoids,
however, no digestive caeca seemed to have occurred un-

der the posterior portion of the trunk in trilobites
(Lerosey-Aubril et al. 2012), which could explain why no
cavities are observed associated with the 6th–8th thoracic
segments on our specimen. Alternatives could be that the
last three pairs of thoracic digestive caeca have simply not
been preserved or that they are still hidden by the dorsal
exoskeleton. The outlines of the cavities are poorly defined
but interestingly, it seems they were associated with struc-
tures that projected toward the lobe-like abaxial extensions
of the axial rings. Considering the relative sizes of diges-
tive caeca and axial rings in other trilobites (e.g.
Lerosey-Aubril et al. 2012), it seems unlikely that the di-
gestive caeca fully occupied these lateral extensions of the
axial rings in S. buchi or only if they were able to dramati-
cally dilate when filled with food. It remains that the rather
unusual morphology of the trunk axis in Selenopeltis might
have well been related to the presence of digestive caeca,
which would suggest that paired digestive caeca also oc-
curred under the posteriormost thoracic axial rings, since
they do not differ in shape compared to more anterior ones.
If confirmed by further findings, this would constitute a
rare case of a direct correspondence between the mor-
phologies of the gut and the dorsal exoskeleton.

The recent discovery of a juvenile hypostome associ-
ated with fossilized soft-tissues (including digestive struc-
tures) in the Cambrian Orsten Lagerstätte somewhat chal-
lenges the view of mutually exclusive occurrences of a
crop and digestive caeca in trilobites (Eriksson & Terfelt
2012). Indeed, this specimen, tentatively assigned to an
olenid, exhibits a well-developed crop followed by a nar-
rower alimentary canal, which was said to be associated
with two pairs of digestive caeca. However, unlike the
oesophagus, the crop, and the anterior portion of the intes-
tine, these putative digestive caeca are not really obvious
on the synchrotron 3D-tomographic reconstructions pro-
vided by Eriksson & Terfelt (2012). In addition, they are
described as arising from the lower (i.e. ventral) side of
the intestine, while they are known to insert latero-dor-
sally on the digestive tract in other trilobites (e.g.
Lerosey-Aubril et al. 2012). Anyway, the description of
this specimen remains interesting, but it should be kept in
mind that it represents a very early growth stage, while the
“two types” model for the trilobite gut emerged from the
study of adult (holaspid) forms. It is most likely that
the digestive system of trilobites, like that of most modern
arthropods, underwent significant changes during ontog-
eny, especially in taxa having different feeding habits
during their life cycle. Eriksson & Terfelt (2012) hypo-
thesized that the hypostome they described likely un-
der-covered a larger part of the body than the glabellar
area. A large, protective hypostome/labrum is known in
larval/juvenile stages of trilobites (e.g. Lerosey-Aubril &
Feist 2005, fig. 3.14) and modern crustaceans (e.g. Olesen
2005), which are thought/known to be pelagic forms and
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mostly filter-feeders. This feeding strategy could explain
the presence of a large crop in this early juvenile specimen.
Thus, it cannot be excluded that the co-occurrence of a crop
and digestive caeca in this individual might have been tran-
sitory, evidencing the passage from a filter-feeding habit in
planktonic larvae to another feeding strategy in benthic
adults, which did not necessarily involve the presence of
well-developed crop.
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Three different types of remains of digestive structures
have been described in trilobites: infillings, cavities, and
dark markings on an exoskeleton/internal mould. In cases
of infillings, various materials have been shown to replace
the gut lumen, such as calcium carbonate (English & Bab-
cock 2007), calcium phosphate (Chatterton et al. 1994,
Lerosey-Aubril et al. 2012, Eriksson & Terfelt 2012),
quartz (Babcock & Peel 2007), or pyrite (Stürmer &
Bergström 1973; Bruton & Haas 1999; Cisne 1975, 1981).
Interestingly, a sediment filling of the gut has rarely been
demonstrated in trilobites (Zhu et al. submitted), while it
has been supposedly observed in many Cambrian arthro-
pods and interpreted as indicative of them being
deposit-feeders (e.g. Hou et al. 2004, Bergström et al. 2007
and references therein). Anyway, this diversity of remains
suggests that various processes have likely been involved
in the preservation of trilobite guts.

The two trilobites described herein exhibit different
types of remains of the digestive system, an infilling in
B. ingens and cavities in S. buchi. The size of the rock sam-
ple bearing the specimen of B. ingens prevented
compositional analyses (e.g. EDX) of its gut infilling and
its matrix to be performed, but these two materials clearly
have different aspects, with the material filling the gut be-
ing much finely-grained compared to the matrix. A similar
difference in aspects has been reported by Šnajdr (1991) in
Deanaspis goldfussi (also from the Letná Formation; see
his pl. 3, fig. 13, pl. 4, fig. 15) and it can also be observed in
the specimen of Basilicus calzadai from the Upper Ordovic-
ian of Morocco available to us. This suggests that if these
gut infillings represent sediments, the larger grains have
been sorted out before ingestion, possibly through the ac-
tion of appendage gnathobases.

The fact that the two specimens described herein illus-
trate two modes of preservation of digestive structures (in-
filling vs. cavities) might seem surprising, considering that
both are associated with similar lithologies (i.e. quartzose
sandstones) and were collected from the same lithostrati-
graphical unit (i.e. the Letná Formation). One could argue
that they actually document a similar preservation mode at
different diagenetic stages. Indeed, these two types of re-
mains can sometimes co-occur in a single specimen or in

different specimens of the same species, as observed in
Buenellus higginsi (see Babcock & Peel 2007, compare
their figs 2A and 3A) or Deanaspis goldfussi (see Šnajdr
1990, p. 67). Consequently, it could be hypothesized that in
all these cases, the digestive system was filled by the same
material in all specimens, but dissolved in some of them
only (Babcock & Peel 2007). However, this scenario is
hardly applicable to S. buchi. Indeed, the odontopleurid
specimen is the only one from the Letná Formation to ex-
hibit remains of digestive caeca and no evidence of pre-
served intestine. Interestingly, infillings of digestive caeca
have as-yet only been observed in cases of phosphatisation
(Chatterton et al. 1994, Eriksson & Terfelt 2012,
Lerosey-Aubril et al. 2012). A possible exception to this
might be the specimen of Ptychoparia dubinka Kordule,
2006 figured by Jaekel (1901, pls 4, 5), for which nothing is
known about the nature of the gut infilling. Considering
that the infillings of the tract do not present the characteris-
tic aspect of phosphatic materials in the trilobites from the
Letná Formation, the question of whether different pro-
cesses might have been involved in the fossilization of the
digestive caeca and the alimentary canal can be raised. It
has been shown that different types of preservation for
these two structures can occur in a single specimen in
trilobites or non-trilobite arthropods (Zhu et al. submitted
for references). Moreover, Babcock & Peel (2007; see also
Blaker & Peel 1997) illustrated many specimens of
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Stage), Šárka Formation, locality ?Osek near Rokycany.
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B. higginsi with remains of the digestive system. However,
if both the digestive tract and the digestive caeca can be
represented by cavities on these specimens, an infill-
ing-type of preservation was only illustrated for the tract,
again suggesting that these different parts of the digestive
system might have been filled by different materials at
death or soon after. It could not be excluded, that all in-
gested food was immediately transported into and digested
inside of the digestive caeca (= diverticulae), while the gut
alone stays empty. These observations emphasize the need
for thorough investigations on the modes of preservation of
trilobite digestive structures to properly address the ques-
tions of their morphology, their variability, and their evolu-
tion through time. However, as far as the trilobites from the
Letná Formation are concerned, the absence of digestive
caeca in some species likely indicates anatomical differ-
ences, since if their preservation was possible in S. buchi,
there is no reason to believe it was different for the other
taxa occurring in the same beds.

It may be appropriate to make a final remark about the
risk of misinterpreting Planolites- or Skolithos-like ichno-
fossils as gut remains of trilobites. Indeed, as pointed out by
Shaw (1995), the association of these trace fossils and
trilobites is common in Ordovician trinucleids from Bohe-
mia, as well as in the supposedly semi-infaunal Placoparia
(Fig. 5). This kind of ichnofossils may mimic the remains of
a digestive tract left empty after dissolution of the material
initially filling it. However, a careful examination will re-
veal that in most cases they differ from gut infillings by one
of the following criteria: 1) they usually have a larger diame-
ter relative to the width of the axis, 2) their margins are often
not sharp but partially dissolved, 3) they commonly extend
outside the axial lobe, if not the body of the trilobite (Fig. 5),

and 4) they frequently display a more tortuous route (the di-
gestive tract of trilobites is essentially straight). However, as
noticed by Babcock & Peel (2007) and confirmed by our
own observations on various Ordovician trinucleoids, the
vermiform scavengers supposedly at the origin of these bur-
rows might have targetted preferentially the gut tract of the
decaying trilobite. Therefore, it is particularly important to
remain careful when interpreting semi-tubular cavities un-
der the axial region of a trilobite, especially when they ex-
tend under a short portion of the axial lobe only and they are
not associated with remains of digestive caeca.

-�����.

The two new trilobites with remains of digestive structures
described herein confirmed that the depositional environ-
ment of the Letná Formation was favourable for soft-tissue
preservation. They also confirm that at least two types of
digestive system were present in trilobites (Chatterton et
al. 1994, Lerosey-Aubril et al. 2011). In the Letná Forma-
tion, a simple digestive tract, possibly associated with a
crop under the glabella, was present in the dalmanitid Dal-
manitina socialis and the asaphid Birmanites ingens and
the trinucleid Deanaspis goldfussi (Fig. 6). In contrast, the
specimen of Selenopeltis buchi constitutes the first exam-
ple of a trilobite gut with digestive caeca in this Ordovician
Lagerstätte. It also represents the only post-Cambrian oc-
currence of this type of gut known to date and the first
example of gut preservation in the Odontopleurida. If the
presence of two types of digestive systems in the trilobites
from the Letná Formation is rather well-established, we
raise the question of the possible involvement of different
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processes in the preservation of the digestive tract of trilobi-
tes on the one hand, and their digestive caeca on the other.
This scenario would explain the absence of digestive caeca
in some previously described examples of simple digestive
systems in this group. In conclusion, it seems to us that a
confident description of the diversity of digestive systems in
these extinct arthropods will not be possible until the proces-
ses involved in its various modes of preservation are more
thoroughly investigated (e.g. Lerosey-Aubril et al. 2012).

&�0
�1���
���
��

We are grateful to Peter Van Roy (Ghent University) for donating
the specimen of Basilicus calzadai considered in this study to the
Senckenberg Research Institute. We also thank Euan N.K. Clark-
son (University of Edinburgh) for his helpful review and the lin-
guistic improvements he made on our text. The Czech Science
Foundation supported the contribution through the IAA301110908
(Dynamics of the Upper Ordovician climax-stage on faunal assem-
blages before global crises controlled by climatic changes: a record
from the Králův Dvůr Formation of the Barrandian area) and the
MSM 0021620855 (Material flow mechanisms in the upper
spheres of the Earth). This is a contribution of the Agence
Nationale de la Recherche, Programme Blanc SIMI 5-6 RALI.

!�����
���

ALBERTI, M. 2009. Ein homalonotider Trilobit mit ,,Weichteil-
erhaltung“ aus dem Ober-Ems des Westerwaldes (Unter-
devon; Rheinisches Schiefergebirge). Mainzer Geowissen-
schaft 37, 23–32.

ADRAIN, J.M. 2008. A global species database of trilobite: Prog-
ress, results, and revision of the Treatise, 27–28. In RÁBANO, I.,
GOZALO, R. & GARCÍA-BELLIDO, D. (eds) Advances in trilobite
research. Cuadernos del Museo Geominero 9. Instituto
Geológico y Minero de España, Madrid.

BABCOCK, L.E. & PEEL, J.S. 2007. Palaeobiology, taphonomy and
stratigraphic significance of the trilobite Buenellus from the
Sirius Passet Biota, Cambrian of North Greenland. Memoirs of
the Association of Australasian Palaeontologists 34, 401–418.

BARRANDE, J. 1846. Notice préliminaire sur le systême silurien et
les trilobites de Bohême. 97 pp. Hirschfeld, Leipzig.
DOI 10.5962/bhl.title.9141

BARRANDE, J. 1852. Systême silurien du centre de la Bohême: lère
partie, Crustacés: Trilobites. 935 pp. Privately published,
Prague & Paris. DOI 10.5962/bhl.title.14776

BERGSTRÖM, J., HOU, X.-G. & HÅLENIUS, U. 2007. Gut contents
and feeding in the Cambrian arthropod Naraoia. GFF 129,
71–76. DOI 10.1080/11035890701292071

BEYRICH, E. 1846. Untersuchungen über Trilobiten. Zweite Stück
als Fortsetzung zu der Abhandlung “Ueber einiger böhmische
Trilobiten”. 37 pp. G. Reimer, Berlin.

BLAKER, M.K. & PEEL, J.S. 1997. Lower Cambrian trilobites from
North Greenland. Meddelelser om Grønland, Geoscience 35,
1–145.

BRUTON, D.L. 2008. A systematic revision of Selenopeltis (Tri-
lobita: Odontopleuridae) with description of new material

from the Ordovician Anti Atlas region, Morocco. Paläon-
tologische Zeitschrift 82(1), 1–16.

BRUTON, D.L. & HAAS, W. 1999. The anatomy and functional
morphology of Phacops (Trilobita) from the Hunsrück Slate
(Devonian). Palaeontographica, Abteilung A 253, 29–75.

BUDIL, P. & FATKA, O. 2008. Bohemian and Moravian trilobites
and their relatives. 47 pp. Czech Geological Survey, Prague.

BUDIL, P., FATKA, O., KOLÁŘ, P. & DAVID, M. 2011. Arthro-
rhachis Hawle & Corda, 1847 (Agnostida) in the Prague Basin
(Barrandian area, Czech Republic) revisited. Bulletin of Geo-
sciences 85(4), 707–724. DOI 10.3140/bull.geosci.1262

CHATTERTON, B.D.E., JOHANSON, Z. & SUTHERLAND, G. 1994.
Form of the trilobite digestive system: alimentary structures in
Pterocephalia. Journal of Paleontology 68, 294–305.

CHLUPÁČ, I. 1965. Xiphosuran merostomes from the Bohemian
Ordovician. Sborník geologických věd, Paleontologie 5, 7–38.

CHLUPÁČ, I. & KUKAL, Z. 1988. Possible global events and the
stratigraphy of the Palaeozoic of the Barrandian (Cambrian –
Middle Devonian, Czechoslovakia). Sborník geologických
věd, Geologie 43, 83–146.

CISNE, J.L. 1975. Anatomy of Triarthrus and the relationships of
the Trilobita. Fossils and Strata 4, 45–63.

CISNE, J.L. 1981. Triarthrus eatoni (Trilobita): anatomy of its
exoskeletal, skeletomuscular, and digestive systems. Palaeon-
tographica Americana 9, 95–142.

CORBACHO, J. 2011. Trilobites from the Upper Ordovician of Bou
Nemrou – El Kaid Errami (Morocco). Batalleria 16, 16–36.

ENGLISH, A.M. & BABCOCK, L.E. 2007. Feeding behaviour of
two Ordovician trilobites inferred from trace fossils and
non-biomineralised anatomy, Ohio and Kentucky, USA.
Memoirs of the Association of Australasian Palaeontologists
34, 537–544.

ERIKSSON, M.E. & TERFELT, F. 2012. Exceptionally preserved
Cambrian trilobite digestive system revealed in 3D by syn-
chrotron-radiation X-ray tomographic microscopy. PLoS
ONE 7(4), e35625. DOI 10.1371/journal.pone.0035625

FATKA, O. & MERGL, M. 2009. The “microcontinent” Perunica:
status and story 15 years after conception, 65–101. In BASSETT,
M.G. (ed.) Early Palaeozoic Peri-Gondwana Terranes: New
insights from tectonics and biogeography. Geological Society
of London, Special Publications 325. DOI 10.1144/SP325.4

FATKA, O., SZABAD, M., BUDIL, P. & MICKA, V. 2008. Position of
trilobites in Cambrian ecosystem: preliminary remarks from
the Barrandian region (Czechia), 117–122. In RÁBANO, I.,
GOZALO, R. & GARCÍA-BELLIDO, D. (eds) Advances in trilobite
research. Cuadernos del Museo Geominero 9. Instituto
Geológico y Minero de España, Madrid.

HAVLÍČEK, V. 1982. Ordovician in Bohemia: Development of the
Prague Basin and its benthic communities. Sborník geolo-
gických věd, Geologie 37, 103–136.

HAVLÍČEK, V. 1998. Ordovician, 39–79. In CHLUPÁČ, I., HAVLÍ -

ČEK, V., KŘÍŽ, J., KUKAL, Z. & ŠTORCH, P. (eds) Palaeozoic of
the Barrandian (Cambrian to Devonian). Czech Geological
Survey, Prague.

HAVLÍČEK, V. & FATKA, O. 1992. Ordovician of the Prague Basin
(Barrandian area, Czechoslovakia), 461–472. In WEBBY, B. &
LAURIE, J. (eds) Global perspectives on Ordovician geology.
Balkema, Rotterdam.

HAVLÍČEK, V. & VANĚK, J. 1966. The biostratigraphy of the Ordo-
vician of Bohemia. Sborník geologických věd, Paleontologie
8, 7–69.

HAVLÍČEK, V. & VANĚK, J. 1990. Ordovician invertebrate com-
munities in black-shale lithofacies (Prague Basin, Czecho-

��!

������� ����� ��	���	�	�


���
��	���
	��	� ��
!���
	� 
"	���	#$$� 	� �
%�����	&���'	�
 "���
�



slovakia). Věstník Ústředního ústavu geologického 65(4),
223–236.

HOU, X.-G., ALDRIDGE, R.J., BERGSTRÖM, J., SIVETER, D.J., SIVE-

TER, D.J. & FENG, X.-H. 2004. The Cambrian Fossils of
Chengjiang, China: The Flowering of Early Animal Life. 233
pp. Blackwell Publishing, Malden.

HOU, X.-G., CLARKSON, E.N.K., YANG, J., ZHANG, X.-G., WU,
G.-Q. & YUAN, Z. 2009. Appendages of early Cambrian
Eoredlichia (Trilobita) from the Chengjiang biota, Yunnan,
China. Earth and Environmental Science Transactions of the
Royal Society of Edinburgh 99, 213–223.
DOI 10.1017/S1755691009008093

JAEKEL, O. 1901. Über die Organisation der Trilobiten. Teil I.
Zeitschrift der Deutschen Geologischen Gesellschaft 53,
133–171.

JELL, P.A. & ADRAIN, J.M. 2003. Available generic names for
trilobites. Memoirs of the Queensland Museum 48, 331–553.

KÁCHA, P. & PETR, V. 1996. The generic affiliation of Bohemian
asaphid trilobites (Trilobita, Beroun Stage, Ordovician, Czech
Republic). Bulletin of Geosciences 71(3), 251–254.

KETTNER, R. & PRANTL, F. 1948. Nové rozdělení a návrh
jednotného značení vrstev středočeského ordoviku. Věstník
Státního geologického ústavu 23(1), 49–68. [in Czech with
English abstract]

KORDULE, V. 2006. Ptychopariid trilobites in the Middle Cam-
brian of Central Bohemia (taxonomy, biostratigraphy, syn-
ecology). Bulletin of Geosciences 81(4), 277–304.
DOI 10.3140/bull.geosci.2006.04.277

KUKAL, Z. 1958. Petrografický výzkum vrstev letenských bar-
randienského ordoviku (A lithological investigation of the
Letná beds of the Ordovician of the Barrandian). Sborník
Ústředního ústavu geologického, Oddíl geologický 24, 7–111.
[in Czech with English abstract]

KUKAL, Z. 1998. Sediments of the Barrandian Palaeozoic,
136–148. In CHLUPÁČ, I., HAVLÍČEK, V., KŘÍŽ, J., KUKAL, Z. &
ŠTORCH, P. (eds) Palaeozoic of the Barrandian (Cambrian to
Devonian). Czech Geological Survey, Prague.

LEROSEY-AUBRIL, R. & FEIST, R. 2005. First Carboniferous protaspid
larvae (Trilobita). Journal of Paleontology 79, 702–718.
DOI 10.1666/0022-3360(2005)079[0702:FCPLT]2.0.CO;2

LEROSEY-AUBRIL, R., HEGNA, T.A. & OLIVE, S. 2011. Inferring in-
ternal anatomy from the trilobite exoskeleton: the relationship
between frontal auxiliary impressions and the digestive sys-
tem. Lethaia 44(2), 166–184.
DOI 10.1111/j.1502-3931.2010.00233.x

LEROSEY-AUBRIL, R., HEGNA, T.A., KIER, C., BONINO, E., HABER-

SETZER, J. & CARRÉ, M. 2012. Controls on gut phosphatisation:
the trilobites from the Weeks Formation Lagerstätte (Cam-
brian; Utah). PLoS ONE 7(3), e32934.
DOI 10.1371/journal.pone.0032934

MIKULÁŠ, R. 1998a. Trace fossils from the Letná Formation (Or-
dovician, Czech Republic). Sborník geologických věd,
Paleontologie 34, 5–25.

MIKULÁŠ, R. 1998b. Ordovician of the Barrandian area: Recon-
struction of the sedimentary basin, its benthic communities
and ichnoassemblages. Journal of the Czech Geological Soci-
ety 43(3), 143–159.

MIKULÁŠ, R. 1999. Joint occurrences of body- and trace-fossil
communities (Ordovician, Barrandian area, Czech Republic).
Journal of the Czech Geological Society 44(1), 69–78.

OLESEN, J. 2005. Larval development of Lynceus brachy-
urus (Crustacea, Branchiopoda, Laevicaudata): Redescription
of unusual crustacean nauplii, with special attention to the

molt between last nauplius and first juvenile. Journal of Mor-
phology 264(2), 131–148. DOI 10.1002/jmor.10202

ORTEGA-HERNÁNDEZ, J., BRADDY, S.J. & RAK, Š. 2010. Trilobite and
xiphosuran affinities for putative aglaspidid arthropods Caryon
and Drabovaspis, Upper Ordovician, Czech Republic. Lethaia
43(3), 427–431. DOI 10.1111/j.1502-3931.2010.00216.x

PŘIBYL, A. & VANĚK, J. 1969. Trilobites of the family Tri-
nucleidae Hawle et Corda, 1847, from the Ordovician of Bo-
hemia. Sborník geologických věd, Paleontologie 11, 85–137.

RAK, Š., BERGSTRÖM, J., FATKA, O. & BUDIL, P. 2009. Upper Ordo-
vician arthropod Zonozoe draboviensis Barrande (Libeň and
Letná formations, Sandbian, Barrandian area, Czech Repub-
lic). Bulletin of Geosciences 83(1), 185–189.
DOI 10.3140/bull.geosci.1026

RAMSKÖLD, L., CHEN, J.-Y., EDGECOMBE, G.D. & ZHOU, G.-Q.
1997. Cindarella and the arachnate clade Xandarellida
(Arthropoda, Early Cambrian) from China. Transactions of
the Royal Society of Edinburgh, Earth Sciences 88, 19–38.
DOI 10.1017/S0263593300002297

SERVAIS, T., DZIK, J., FATKA, O., HEUSE, T., VECOLI, M. & VER-

NIERS, J. 2008. Ordovician, 203–248. In MCCANN, T. (ed.) Geol-
ogy of Central Europe. Geological Society of London, London.

SHAW, F.C. 1995. Ordovician trinucleid trilobites of the Prague
Basin, Czech Republic. The Paleontological Society, Memoir
40, 1–23.

SHAW, F.C. 2000. Trilobites of the Králův Dvůr Formation (Ordo-
vician) of the Prague Basin, Czech Republic. Bulletin of
Geosciences 75(4), 371–404.

SHENG, X.F. 1934. Lower Ordovician trilobite fauna of Chekiang.
Palaeontologia Sinica, New Series B 3, 1–19.

ŠNAJDR, M. 1956. Trilobiti drabovských a letenských vrstev
českého ordoviku (Trilobites from the Drabov and Letná beds
of the Ordovician of Bohemia). Sborník Ústředního ústavu
geologického, Oddíl paleontologický 22(1955), 477–533. [in
Czech with English abstract]

ŠNAJDR, M. 1958. Trilobiti českého středního kambria (Bohemian
Middle Cambrian trilobites). Rozpravy Ústředního ústavu
geologického 24, 1–280. [in Czech with English abstract]

ŠNAJDR, M. 1990. Bohemian trilobites. 265 pp. Czech Geological
Survey, Prague.

ŠNAJDR, M. 1991. Zažívací trakt trilobita Deanaspis goldfussi
(Barrande) [On the digestive system of Deanaspis goldfussi
(Barrande)]. Časopis Národního muzea, Řada přírodovědná
156(1), 8–16. [in Czech with English abstract]

STÜRMER, W. & BERGSTRÖM, J. 1973. New discoveries on tri-
lobites by X-rays. Paläontologische Zeitschrift 47, 104–141.

VAN ROY, P. 2006. Non-Trilobite Arthropods From the Ordovi-
cian of Morocco. 230 pp. Unpublished Ph.D. thesis, Ghent
University, Ghent.

VANĚK, J. 1997. On the genus Megasaphus Kácha and Petr, 1996
(Trilobita) from the Ordovician of the Prague Basin.
Palaeontologia Bohemiae 3, 13–14.

VANĚK, J. & VALÍČEK, J. 2001. New index of the genera, subgen-
era, and species of Barrandian trilobites. Part A–B (Cambrian
and Ordovician). Palaeontologia Bohemiae 7, 1–49.

VANNIER, J. & CHEN, J.-Y. 2002. Digestive system and feeding
mode in Cambrian naraoiid arthropods. Lethaia 35, 107–120.
DOI 10.1080/002411602320183971

WHITTINGTON, H.B. 1997. Mode of life, habits, and occurrence,
O137–O166. In MOORE, R.C. & KAESLER, R.L. (eds) Treatise
on Invertebrate Paleontology, Part O, Arthropoda 1, Tri-
lobita, revised, 1. Geological Society of America & University
of Kansas Press, Boulder, Colorado & Lawrence, Kansas.

��"

��������	
�	��

������
	�	�
��	���	��	����



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 280
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 280
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


