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SOME BADENIAN FISH TEETH FROM WESTERN TRANSYLVANIA (ROMANIA) 
 
 

TRIF Nicolae, CODREA Vlad  
 

Abstract. The work herein reports some Badenian (Middle Miocene) fish of western Transylvanian Basin documented by teeth. So 
far, the Middle Miocene fish teeth from Transylvania were very rarely reported and hardly ever illustrated. Teeth from recent 
fieldwork and from several collections were analyzed. They originate from the localities Gârbova de Sus, Cetea, Lopadea Veche and 
Rachiș, all in Alba County. The present article describes and illustrates nine fish teeth that belong to Otodus (Megaselachus) 
megalodon Agassiz 1835, Hemipristis serra, Agassiz 1835, Carcharodon hastalis Agassiz 1838, Carcharias sp., Diplodus 
jomnitanus and Sparidae indet. These representatives refine the knowledge of the upper trophic links in the Badenian Paratethys Sea 
ecosystems in the Inner Carpathian region of Romania. 
 
Keywords: Middle Miocene, fish, ecosystem, Transylvania, Romania. 
 
Rezumat. Dinți de pești badenieni din Transilvania de Vest (România). Acest articol semnalează câțiva dinți de pești de 
vârstă badeniană din vestul Bazinului Transilvaniei. Până acum dinții de pești din Miocenul mediu al Transilvaniei au fost foarte rar 
semnalați și nu au fost aproape niciodată ilustrați. Am analizaț dinți rezultați din activitatea recentă pe teren precum și dinți care 
aparțin mai multor colecții. Acești dinți provin din localitățile Gârbova de Sus, Cetea, Lopadea Veche și Rachiș, toate din județul 
Alba. Articolul de față descrie și ilustrează nouă dinți de pești care aparțin speciilor Otodus (Megaselachus) megalodon, Hemipristis 
serra, Carcharodon hastalis, Carcharias sp., Diplodus jomnitanus și Sparidae indet. Acești reprezentanți se adaugă la cunoașterea 
rețelei trofice superioare a mării Parathetys din Badenianul regiunii intra-carpatice a României. 
 
Cuvinte cheie: Miocen mediu, pești, ecosistem, Transilvania, România. 

 
INTRODUCTION 

 
Both bony fish and shark teeth in the Badenian deposits from Romania are poorly known. The scarce data 

already published so far is based on scattered finds, mostly at the end of the 19th and the beginning of the 20th centuries. 
Thus, HEREPEY (1896) listed a few shark species he found in the Leitha deposits, nearby Aiud (western margin of the 
Transylvanian Basin). From the conglomerates in Valea Lupului (Cetea village), he mentioned the species Lamna 
rhaphiodon Agassiz 1843 and Carcharodon megalodon and from Pârâul Pietrii (Gârbova de Sus), the species Lamna 
elegans Agassiz 1843. On his turn, when referring to the Leitha limestone from western Transylvania, NOSZKY (1925) 
listed the species Lamna subulata Agassiz 1843, L. gracilis Agassiz 1843, L. cuspidata Agassiz 1843, Oxyrhina hastalis 
Agassiz, 1838, O. xyphodon Agassiz 1843, Carcharodon megalodon and Sparoides robustus Probst 1874. This sample 
originates from Gârbova de Sus and is currently hosted by the Hungarian Natural History Museum in Budapest. None 
of these couple of authors described or illustrated the species they mentioned. Recently, SZABO & KOCSIS (2016) 
reassigned the species mentioned by NOSZKY (1925). This new list includes the following taxa: Carcharias sp., C. 
acutissima Agassiz 1843, Araloselachus cuspidatus Agassiz 1843, Carcharoides cf. catticus Philippi, 1846, 
Cosmopolitus hastalis, Isurus desori Agassiz 1843, Isurus sp. and Otodus megalodon. One tooth Otodus 
(Megaselachus) megalodon was illustrated, described and discussed for the first time from the Badenian of 
Transylvania in TRIF et. al., (2016). 

This study aims to complete the knowledge we already have on the taxonomy of the bony fish and sharks in the 
Badenian from Transylvania, describing and illustrating an unpublished material coming from the Natural History Museum in 
Aiud, Babeş-Bolyai University Palaeontology-Stratigraphy Museum in Cluj Napoca, and recently collected by ourselves.  

 
GEOLOGICAL SETTING 

 
Much of the sedimentary deposits from the western border of the Transylvanian Basin are Middle Miocene, 

especially Lower Badenian, part of the Dej Formation (CHIRA et al., 2000). These marine sediments document the Orbulina 
suturalis biozone and are dominated by siliciclastic rocks, algal and bioclastic limestones (HOSU & FILIPESCU, 1995). Part 
of the Central Paratethys, the Transylvanian Basin was in the Badenian an area of a larger tropical sea formed in a global 
warming episode (CHIRA et al., 2000). This marginal depositional area functioned when the Transylvanian Basin was a back 
arc basin (KREZSEK & FILIPESCU, 2005) occurred behind the Carpathians. Alongside other land masses, the emerged 
areas of the Carpathians acted as an archipelago in the Central Paratethys (RÖGL, 1998).  

The richness of fossils draws the attention of paleontologists since the 19th century. The Badenian sediments 
bear rich fauna of gastropods, shells, sea-urchins, bryozoans, algae and foraminifers (HEREPEY, 1896; VADASZ, 
1915; NOSZKY, 1925; GÁBOS & GHIURCĂ, 1969; ȘURARU, 1992; CHIRA, 2000; ZÁGORŠEK et al., 2010).  

At Lopadea Veche, several Neogene formations are cropping out. Starting from the west to the east, one encounter: 
Gârbova Formation (Early-Middle Badenian), Cheia Formation (Middle Badenian), Lopadea Formation (Pannonian s.s.) and 
Măhăceni Formation (Sarmatian s.s.; BUCUR & FILIPESCU, 2011). Gârbova Formation is the only marine formation and 
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we allocate to this stratigraphic unit the specimens NHMA no. 1327A, 1327B and 1327C. Gârbova de Sus Formation is 
exposed at Lopadea Veche on Buchii and Șesuri Creeks. It includes conglomerates, shales, nodular and bioclastic limestones, 
sandy-limestones and rhodolith limestones (ȘURARU, 1992; BUCUR & FILIPESCU, 2011).  

Rachiș has a similar geology as in Lopadea Veche with a facies mostly carbonatic (FILIPESCU, 1996). 
Gârbova de Sus is another well-known locality for its fossil-bearing Badenian sediments. A similar 

succession to Lopadea Veche can be observed on Pietrii and Bobii creeks. The sediments here form two sequences: one 
siliciclastic in dominance and a second one, limy, both once included in same coastal platform (HOSU & FILIPESCU, 
1995). The new materials (Diplodus sp. and Sparidae indet.) originate from the upper sequence, from a yellow 
conglomerate layer rich in clam fragments, situated on Bobii Creek, on the western side of the locality.  

At Cetea, a less known locality, the Badenian deposits are although well exposed. There, on the western side 
of the village, on Lupilor (Lupi) Creek, one can observe a sedimentary sequence with blue marls, sandy marls with thin 
rhodoid levels and conglomerates bounded by a depositional unconformity, overlying a flysch formation. Our recent 
field survey did not reveal any new vertebrate materials.  

 

 
 

Figure 1. Geological map of the area where the studied specimens were collected from  
(after the Geological Map of Romania, 1:200.000 folio Turda, simplified and modified).
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MATERIAL AND METHODS 
 

Herein, we evaluate nine teeth hosted either in museums from Romania, or collected by one of us (TN). The 
abbreviations for the collection names where the specimens are hosted are: NHMA for the Natural History Museum in 
Aiud, BBUPSM for Babeş-Bolyai University Palaeontology-Stratigraphy Museum in Cluj Napoca. Recently collected 
fossils by TN are labeled as NTC (Nicolae Trif Collection). When several specimens were found under the same 
registration number, a letter was added for each specimen in order to distinguish them.  

The fossils were measured on digital images, using a standard scale reference of 1 cm. The images were captured 
either with Nikon D700, or Nikon D5300 cameras mounted on a professional tripod, using Sigma lens of 105 mm.  

It is also interesting to note that the material has also historical significance. The specimens BBUPSM 1939A 
and BBUPSM of Hemipristis serra were collected by, or at least belong to the collections of Herepey Károly and 
respectively, Lőrenthey Imre. Both of them are well known geologists from the end of the 19th century, with important 
works on the geology of Transylvania. 
 
 Systematic palaeontology 
 Superorder: Galeomorphii COMPAGNO 1973 
 Order: Lamniformes BERG 1958 
 Family: Otodontidae GLICKMAN 1964 
 Genus: Otodus AGASSIZ 1843 (sensu Cappetta, 2012) 
 
 Otodus (Megaselachus) megalodon AGASSIZ 1835  
 

Material: Four teeth in NHMA Collection (no. 697 from Cetea, Lupului (Lupi) Creek - Fig 4a; no. 1327A from 
Lopadea Veche - Figs. 3a-c; no. 1339 from Gârbova de Sus) - Figs. 3d-f; all localities in Alba County. 
 

The Gârbova de Sus tooth (Fig. 3d-f) is the most complete specimen. It has a total height of 5.75 cm and a 
width of 4.67 cm. The crown outline is triangular. Both cutting edges are finely and regular serrated on the entire length 
to the apex. The distal cutting edge is convex, while the mesial one is mainly straight with a faint convexity in the upper 
third part of the crown. Lateral cusplets are not present. The neck is well developed on the lingual side. The root is 
slightly chipped on its mesial side.  

The Cetea tooth (Fig. 4a) is only a fragment, but it seems that it was the biggest specimen from the NHMA 
Collection, with a total width of 6.97 cm. The largest part of the crown is missing, as well as an important portion of the 
root. The cutting edges are also chipped, but on the distal side the regular, fine serration is fairly preserved.  

The Lopadea de Sus specimen (Fig. 3a-c) has also an impressive size, with a total height of 7.10 cm. 
Unfortunately, both lateral sides are chipped and the width cannot be measured. The root is fragmented but the central 
part is still present. The neck is well developed as in the other specimens. The cutting edge is preserved only on one 
side. The serration is sharp and regular.  
 

Discussions: Although not complete, all the teeth can be assigned with confidence to Otodus (Megaselachus) 
megalodon (CAPPETTA, 2012, Fig. 210). The phylogeny of the genus Otodus has been long debated (GLIKMAN, 
1964; CAPPETTA, 1987; WARD & BONAVIA, 2001; PURDY et al., 2001). This debate has reached now a 
conclusion, with the help of high resolution stratigraphy correlated with the find of successive Otodus species (KING et 
al., 2013) that the genus Otodus is actually a single chronospecies that culminates with the Mio-Pliocene O. 
(Megaselachus) megalodon. Although sometimes the limit between the species is uncertain (e.g. O. sokolovi - O. 
angustidens or O. chubutensis - O. megalodon) in the Middle Miocene, it is obvious that we deal with a well definite O. 
megalodon species. This shark of circumglobal distribution is well known, with records from Slovenia (MIKUŽ et al., 
2015), Spain (REOLID & MOLINA, 2015), Denmark (BENDIX-ALMGREEN, 1983), Southern France (CAPPETTA, 
1970), Malta (WARD & BONAVIA, 2001), Austria (SCHULTZ & PILLER, 2013) Italy (MARSILI, 2006), New 
Zealand (KEYES, 1972), Japan (YABE et al., 2004), USA (PURDY et al., 2001) and from the bottom of the Pacific 
Ocean (BELYAEV & GLIKMAN, 1970), etc. 
 
 Order: Carchariniformes COMPAGNO 1973 
 Family: Hemigaleidae HASSE 1879 
 Genus: Hemipristis AGASSIZ 1843 
 
 Hemipristis serra (AGASSIZ 1835) 
 
 Material: One tooth in BBUPSM Collection (7049, from Rachiș, Alba County), Figs. 2i-l; 

The tooth is a lower anterior with a central position. The crown is bent lingualy and has a slight sigmoidal profile 
(Fig. 2k). Both labial and lingual faces are convex, the labial side being clearly more bulged. The cutting edge is poorly 
developed and it is restricted to the upper third of the crown (Figs. 2k & k'). No lateral cusplets are present. The root is 
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bilobate with a strong lingual protuberance. The central foramen is oval and reduced to a small depression. In basal view, 
this protuberance forms an almost equilateral triangle (Fig. 2l). The extremities of the root lobes are rounded.  
 

Discussions: Only a few species belong to this genus. In Eocene, there are known H. curvatus Dames 1883, 
and H. wyattdurhami White 1956, although this last species might be only a junior synonym of H. curvatus (KENT, 
1994). Only one tooth of H. curvatus is known from Romania, originating from the Eocene deposits of Southern 
Transylvania, at Turnu Roșu (CIOBANU, 2002, p.118). A Lower Oligocene Hemipristis cf. serra from Pakistan is 
reported as having transitional characters between H. curvatus and H. serra with weaker and less vertically developed 
serrations (ADNET et al., 2007; CICIMURRI & KNIGHT, 2009). The Late Oligocene to Neogene species H. serra has 
some morphological similarities with the Recent H. elongatus Klunzinger 1871. Histological differences in the structure 
of the teeth demonstrate that there are nonetheless two distinct species (COMPAGNO, 1988).  

H. serra was an important predator of the Badenian sea. With a total length of 5 to 6 m (KENT, 1994, p.78) 
and serrated teeth it probably predated on marine mammals like sea-cows (Sirenidae). The Recent species H. elongatus 
can be encountered in warm and tropical waters near continental or insular shelves at depths of 1 to 30 m 
(COMPAGNO, 1984, p. 440). A similar habitat was observed to the H. serra that is abundant in sublittoral deposits of 
warm water faunas (CAPPETTA, 1987, p.120). 

H. serra can be encountered worldwide, with circumglobal distribution. This species was found in the Late 
Oligocene of South Carolina, USA (CICIMURRI & KNIGHT, 2009), Miocene of North Carolina (PURDY et al., 
2001), Malta (WARD and BONAVIA, 2001), Hungary (KOCSIS, 2007), Italy (MARSILI et al., 2007), Costa Rica 
(LAURITO & VALERIO, 2008), Madagascar (ANDRIANAVALONA et al., 2015) and the Miocene and Pliocene of 
Chesapeake Bay region (KENT, 1994). 
 
 Order: Lamniformes BERG 1958 
 Family: Lamnidae MÜLLER AND HENLE 1838 
 Genus: Carcharodon SMITH 1838 
 
 Carcharodon hastalis (AGASSIZ 1838) 
 

Material: two teeth in NHMA Collection (no. 1327B - Figs. 2c-e; and 1327C - Figs. 2f-h; from Lopadea 
Veche) 

Both teeth from Lopadea are triangular with a smooth crown and straight cutting edges. In lateral view, we can 
see that the crown is very compressed labio-lingualy and the apex of the crown is reversed in lingual direction (Figs. 2f 
& h). No lateral cusplets are present. The root is small with the end of the lobes rounded. The angle of the root branches 
is obtuse, slightly surpassing 150º.  
 

Discussions: Teeth of the shark Carcharodon hastalis have been found in most of the Miocene deposits around 
the world. This species can usually be found alongside Otodus megalodon, Hemipristis serra and Carcharias spp. and 
is one of the largest predators of its time. 

The taxonomy of this species was for a long time disputed. An important step forward in its research was made 
when irrefutable fossil evidence became available to prove the phylogenetic connection with the Recent Carcharodon 
carcharias, the great white shark (NYBERG et al., 2006; EHRET et al., 2012). The species C. hastalis and a newly 
described, intermediary species, C. hubelli Ehret, Macfadden, Jones, Devries, Foster & Salas-Gismondi, 2012, were 
subsequently assigned to Carcharodon genus (EHRET et al., 2012).  
 
 Family Odontaspididae MÜLLER & HENLE 1839 
 Genus: Carcharias RAFINESQUE 1810 
 
 Carcharias sp. 
 

Material: one tooth in BBUPSM Collection (no. 1939A from Gârbova de Sus) - Figs. 2 a-b'. 
The figured specimen is a medium to large size tooth (4.7 cm) with a slender crown that widens towards the 

base and it is slightly curved in distal direction. The surface of the crown is smooth. The labial side is flat, while the 
lingual side is moderately convex. One pair of small cusplets is present next to the principal cusp. The root has a strong 
central protuberance with a clearly marked but narrow nutrient groove and lobes well separated. The root angle is of 
82º. The extremities of the root lobes are broken. The shape of the lateral profile is hard to evaluate because of the 
imperfect contact of the two fragments. 

 
Discussions: Although the tooth is fragmented in two pieces, it preserves enough characters to be assigned at 

least to genus level. It presents similarities with the genus Carcharias, with robust teeth with a smooth crown, sharp 
apex, convex lingual side and small and sharp lateral cusplets (CIOBANU, 2002, p.87).  
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We consider that the tooth differs from the similar genus Araloselachus  (GLIKMAN, 1964). In contrast with 
this genus, the cutting edge reaches the base of the crown (as defined in CAPPETTA, 2012, p. 191). 
 
 Class: Actinopterygii KLEIN 1885  
 Infraclass: Teleostei MÜLLER 1846  
 Order: Perciformes BLEEKER 1859  
 Family: Sparidae BONAPARTE 1831  
 Genus: Diplodus RAFINESQUE 1810 
 
 Diplodus jomnitanus (VALENCIENNES 1844). 
 

Material: one incomplete tooth in NTC (Bobii Creek, Gârbova de Sus) - Figs. 4e-h. 
The straight shape of the tooth indicates a frontal position (incisor). On the labial side, the tooth is slightly 

convex (Fig. 4e), while on the lingual side is concave (Fig. 4f). The apical portion exposes strong traces of functional 
wear, with parts of the enamel missing. The root is as high as the crown being preserved on the same side as the crown. 

Discussions: the shape of the tooth is very similar with the other teeth described and figured as Diplodus 
jomnitanus from the Badenian sediments of Austria (SCHULTZ & PILLER, 2013, p. 300 & pl. 67 Figs. 1a-b). Other 
similar teeth are described and figured in JONET (1975, p. 148 & pl. I Fig. 22), MIKUZ et al., (2013, pl. 1 fig. 3a-c) 
and ANTUNES et al., (1981, pl. 5, Fig. 7). Diplodus is a genus that still has 23 extant species and subspecies (PAZ, 
1975; FRICKE et al., 2016). Its dentition is characterized by a frontal row of teeth (incisors) and back and lateral teeth 
of low oval or round shape disposed in two or three rows (BAUZA & PLANS, 1973) and sometimes more, as for 
example in Diplodus capensis Smith, 1844 (FRICKE et al., 2016).  

The extant Diplodus sargus (LINNAEUS, 1758) and Sparidae in general are alongside Labridae the main sea-
urchins predators (FIGUEIREDO et al., 2005) and have a general durophagous diet (SANTINI et al., 2014). Since 
Gârbova de Sus has one of the most abundant Badenian sea urchins fauna in Transylvania (VADASZ, 1915; GABOȘ & 
GHIURCA, 1969), then the presence of Diplodus indicates one of the superior trophic links of this ecosystem.  

A large number of Diplodus species (teeth and otoliths) were reported from the Badenian of Austria as 
Diplodus jomnitanus Valenciennes 1844, D. karrerae Nolf & Steurbaut 1979, D. cf. puntazzo Cetti 1777, D. sitifensis 
Valenciennes 1844 (see SCHULTZ & PILLER, 2013), this diversity being an indicator of the success of this genus in 
the Middle Miocene. 
 
 Sparidae indet. 
 

Material: Material: one tooth in NTC (Bobii Creek, Gârbova de Sus) - Figs. 4b-d. 
The tooth has a general oval shape, with a very shallow central depression on its apical side, while the basal 

side shows a low and rounded root. The general shape corresponds with a molariform Sparidae tooth. 
 

CONCLUSIONS 
 

The described and illustrated fauna from this article and the taxa reported by the previous 19th century authors 
constitute a classical fish fauna for the Badenian of Europe. Similar fossil fish assemblages were reported from nearby 
countries like Hungary (SZABO & KOCSIS, 2016) or Austria (SCHULTZ & PILLER, 2013). Our work adds to the 
distribution of these genera and species of fish in Paratethys of the Badenian.  

It is interesting to note the presence of the big predators like O. megalodon and H. serra in these deposits, but 
the almost total absence, at least until now, of the bones of marine mammals. Possibly these large predators were only 
stray visitors in this area. Regarding the species of Isurus, Carcharoides, Araloselachus and Carharias, these are fish 
eaters that are common in all Neogene warm waters. The occurrence of the genus Diplodus is interpreted in relation 
with the sea-urchin fauna, as their predator.  

The material described by us comes from fortuitous (and lucky) finds and it is obviously small both in number 
of specimens and in diversity of species. A systematic survey of the above mentioned localities is not often possible 
since the rocks are compact and develop non-extensive outcrops, usually restricted to the small creeks banks.  

The presence of the genera Hemipristis and Diplodus is the first report of these taxa for the Badenian of 
Romania. New field works should be continued, to complete the Badenian fish fauna repertory of Romania.  
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Figure 2. Carcharias sp. BBUPSM 1939A (a-b): a - lingual view; b - labial view; b' -detail of the cuplets; Carcharodon hastalis 
NHMA 1327B (left) and 1327C (right) (c-h): c,f - lingual view; d,g - labial view; e,h - lateral view; Hemipristis serra BBUPSM 

7049  (i-l): i - lingual view; j - labial view; k - lateral view; k' - detail of the cutting edge; l - basal view; Scale bar - 1 cm (original). 
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Figure 3. Otodus (Megaselachus) megalodon NHMA 1327A (a-c): a - lingual view; b - labial view; c - lateral view; Otodus 
(Megaselachus) megalodon NHMA 1339 (d-f): d - lingual view; e - labial view; f - lateral view; Scale bar - 1 cm (original). 
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Figure 4. Otodus (Megaselachus) megalodon NHMA 697 (a): a - lingual view; Sparidae indet TNC (b-d): d - apical view; e - basal 
view; f - lateral view; Diplodus jomnitanus TNC (e-h): e - labial view; f - lateral view; g - mesial view; h - distal view;  

Scale bar - 1 cm (original). 
 
 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 33, No. 1/2017             ISSN 1454-6914 
 

15 
 

REFERENCES 
 
AGASSIZ L. 1833-1843. Recherches sur les poissons fossiles, (Contenant l'Histoire des Cycloides). Imprimerie de 

Petitpierre. Neuchatel. 390 pp. 
ADNET S., ANTOINE P. O., HASSAN BAQRI S. R., CROCHET J. Y., MARIVAUX L., WELCOMME J. L., 

METAIS G. 2007. New tropical carcharhinids (Chondrichthyes, Carcharhiniformes) from the late Eocene-
early Oligocene of Balochistan, Pakistan: Paleoenvironmental and paleogeographic implications. Journal of 
Asian Earth Sciences. 30:303-323. DOI:10.1016/j.jseaes.2006.10.002 [Accessed March 20, 2017]. 

ANDRIANAVALONA T. H., RAMIHANGIHAJASON T. N., RASOAMIARAMANANA A., WARD D. J., ALI J. R., 
SAMONDS K. E. 2015. Miocene Shark and Batoid Fauna from Nosy Makamby (Mahajanga Basin, 
Northwestern Madagascar). PLoS ONE. 10(6): e0129444; DOI: 10.1371/journal.pone.0129444 [Accessed 
March 10, 2017]. 

ANTUNES M. T., JONET S., NASCIMIENTO A. 1981. Vertébrés (crocodiliens, poissons) du Miocène marin de 
l'Algarve Occidentale. Ciências da Terra. (UNL). Lisboa. 6: 9-38. 

BAUZA J. & PLANS J. 1973. Contribucion al conocimiento de la fauna ictiologica del Neogeno Catalano Balear. 
Bolletin de la Sociedad de Història Natural de Balears. Palma. 18: 72-131.  

BELYAEV G. M. & GLIKMAN L. S. 1970. The Teeth of Sharks on the Floor of the Pacific Oceanic. Akademiya 
Nauka SSSR. Moskva. 88: 236-251. 

BENDIX-ALMGREEN S. E. 1983. Carcharodon megalodon from the Upper Miocene of Denmark, with comments on 
elasmobranch tooth enameloid: coronoin. Bulletin of the Geological Society of Denmark. Copenhagen. 32: 1-33. 

BERG L. S. 1958. System der Rezenten und Fossilen Fischartigen und Fische. Hochschulbücher für Biologie. Berlin. 310 pp. 
BLEEKER P. 1859. Enumeratio specierum piscium hucusque in Archipelago indico observatarum. Acta Societatis 

scientiarum Indo-Neerlandae, Stockholm. 6(1-36): 1-276. 
BONAPARTE C. L. 1831. Saggio di una distribuzione metodica degli animali vertebrati. Presa Antonio Bulzaler. 

Roma. 78pp. 
BUCUR I. I. & FILIPESCU S. 2011. Middle Miocene red algae from Lopadea Veche (Western border of the Transylvanian 

Basin). In: Bucur I. I. & Sasaran E. (Eds.) 10th International Symposium on Fossil Algae, Cluj-Napoca. 12-18 
September 2011, Field Trip Guidebook. Calcareous algae from Romanian Carpathians. 137 pp. 

CAPPETTA H. 1987. Chondrichthyes II. Mesozoic and Cenozoic Elasmobranchii. In: H. P. Schultze (Ed.). Handbook 
of Paleoichthology. Vol. 3B. Gustav Fischer Verlag. Stuttgart - New York. 193 pp. 

CAPPETTA H. 1970. Les sélaciens du Miocène de la région de Montpellier. Palaeovertebrata. Mémoires Extraordaires 
1970. Institut des Sciences de l’Évolution. Montpellier. 139 + 19 pp. 

CAPPETTA H. 2012. Handbook of Paleoichthyology. Vol. 3E: Chondrichthyes. Mesozoic and Cenozoic 
Elasmobranchii: Teeth. Verlag Dr. Friedrich Pfeil. München. 512 pp. 

CETTI F. 1777. Anfibi e pesci di Sardegna. In: Piatoli G. (Ed.): Storia naturale di Sardegna, v. 3. Stamperia Giuseppe 
Piattoli. Sassari. 208 pp. 

CHIRA C. 2000. Nannoplancton calcaros şi moluşte miocene din Transilvania. Edit. Carpatica. Cluj Napoca. 183 pp. 
CHIRA C., FILIPESCU S., CODREA V. 2000. Palaeoclimatic evolution in the Miocene from the Transylvanian 

Depression reflected in the fossil record. In: Special Publications. Geological Society. London: 5-64. DOI: 
10.1144/GSL.SP.2000.181.01.06 [Accessed March 20, 2017]. 

CICIMURRI D. J. & KNIGHT J. L. 2009. Late Oligocene sharks and rays from the Chandler Bridge Formation, 
Dorchester County, South Carolina, USA. Acta Palaeontologica Polonica. Polish Academy of Sciences. 
Warsaw. 54(4): 627-647. 

CIOBANU R. 2002. Selacienii paleogeni din România, Editura Universităţii „Lucian Blaga”. Sibiu. 216 pp. 
COMPAGNO L. J. V. 1973. Interrelationships of living elasmobranchs. Zoological Journal of the Linnean Society. 

Oxford University Press. Oxford. 53 (Supplement 1): 15-61.  
COMPAGNO L. J. V. 1984. An annotated and illustrated catalogue of shark species known to date (Carchariniformes). 

FAO Species Catalogue for Fishery Purposes. Food and agriculture organization of the United Nations. Rome. 
125, 4(2): 251-655. 

COMPAGNO L. J. V. 1988. Sharks of the order Carcharhiniformes. Princeton University Press. New Jersey. 486 pp. 
DAMES W. 1883. Über eine tertiäre Wirbelthierfauna von der westlichen Insel der Birket-EI-Qrûn im Fajum 

(Aegypten). Sitzungsberichte der Königlich Preussischen Akademie der Wissenschaften zu Berlin. 6:129-153. 
EHRET., MACFADDEN B., JONES D., DEVRIES T., FOSTER D., SALAS-GISMONDI R. 2010. Origin of the white 

shark Carcharodon (Lamniformes: Lamnidae) based on recalibration of the Upper Neogene Pisco Formation of 
Peru. Paleontology, London, 6:1139-1153. 

FIGUEIREDO M., MORATO T., BARREIROS J. P., AFONSO P., SANTOS R. S. 2005. Feeding ecology of the white 
seabream, and the ballan wrasse, in the Azores. Fisheries Research. 75(1):107-119. 
DOI:10.1016/j.fishres.2005.04.013 [Accessed March 12, 2017]. 

FILIPESCU S. 1996. Stratigraphy of the Neogene from the western border of the Transylvanian Basin. Studia 
Universitatis Babeș - Bolyai. Seria Geologia. 41(2): 3-78. 



TRIF Nicolae, CODREA Vlad 
 

16 
 

FRICKE R., GOLANI D., APPELBAUM-GOLANI B. 2016. Diplodus levantinus (Teleostei: Sparidae), a new species 
of sea bream from the southeastern Mediterranean Sea of Israel, with a checklist and a key to the species of the 
Diplodus sargus species group. Scientia Marrina. 80(3): 305-320.  

GÁBOS L. & GHIURCĂ V. 1969. Echinide mici din faciesul recifal al Tortonianului din Transilvania. Studia 
Universitatis Babeș-Bolyai. Cluj-Napoca. 14(1): 81-91. 

GLIKMAN L. S. 1964. Sharks of Paleogene and their stratigraphic significance. Nauka Press. Moscow. 229 pp. [in 
Russian]. 

HEREPEY K. 1896. Alsófehér vármegye földtani leirása. In: Herepey K. & Gáspár I. (Eds.). Alsófehér vármegye 
monográfiája. Nagy Enyed. Vol. 1, part. 1. 18 pp. 

HOSU A., FILIPESCU S. 1995. Sequence stratigraphy on the Middle Miocene deposits from Gârbova de Sus 
(Transylvanian Basin, România). Studii și Cercetări. Muzeul Bistrița Năsăud. 1: 99-104. 

JONET S. 1975. Notes d'ichthyologie miocene Portugaise. VI-Les Sparidae. Boletim da Sociedade Geológica de 
Portugal. Lisboa. 19(3): 135-17. 

KENT B. W. 1994. Fossil Sharks of the Chesapeake Bay Region. Egan Rees and Boyer. Inc. Columbia. 146 pp.  
KEYES I. W. 1972. New records of the elasmobranch C. megalodon (Agassiz) and the review of the genus Carcharodon in 

the New Zealand fossil record. New Zealand Journal of Geology and Geophysics. 15(2): 228-242.  
KING C., IAKOVLEVA A., STEURBAUT E., HEILMANN-CLAUSEN C., WARD D. 2013. The Aktulagay section, 

west Kazakhstan: a key site fornorthern mid-latitude Early Eocene stratigraphy. Stratigraphy. 10(3): 171-209. 
KLEIN E. F. 1885. Beiträge zur Bildung des Schädels der Knochenfische, 2. Jahreshefte Vereins Vaterlandischer 

Naturkunde in Würtenberg. 42: 205-300. 
KLUNZINGER C. C. 1871. Synopsis der Fische des Rothen Meeres. II. Theil. Verhandlungen der Königlischen 

Zoologischen–Botanischen Gesellschaft in Wien. 21: 441-688. 
KOCSIS L. 2007. Central Paratethyan shark fauna (Ipolytarnóc, Hungary). Geologica Carpathica. VEDA. Bratislava. 

58(1): 27-40. 
KREZSEK C. & FILIPESCU S. 2005. Middle to late Miocene sequence stratigraphy of the Transylvanian Basin 

(Romania). Tectonophysics. Elsevier. Amsterdam. 410: 437-463. 
LAURITO C. & VALERIO A. L. 2008. Ictiofauna de la localidad de San Gerardo de Limoncito, Formación Curré, 

Mioceno Superior, Cantón de Coto Brus, provincia de Puntarenas, Costa Rica. Revista Geológica de América 
Central. Universidad de Costa Rica. 39: 65-85.  

LINNAEUS C. 1758. Systema Naturae per regna tria naturae, regnum animale, secundum classes, ordines, genera, 
species, cum characteribus differentiis synonymis, locis. Stockholm. 824 pp. 

MARSILI S. 2006. Analisi Sistematica, Paleoecologica e Paleobiogeografica della Selaciofauna plio-pleistocenica del 
Mediterraneo. Univerity of Pisa. PhD Thesis. 362 pp. 

MARSILI S., CARNEVALE G., DANESE E., BIANUCCI G., LANDINI W. 2007. Early Miocene vertebrates from 
Montagna della Maiella, Italy. Annales de Paléontologie. 93(1): 27-66.  

MIKUZ V., SOSTER A., ULAGA S. 2013, Miocene fish teeth from the Plesko Quarry, Slovenia. Folia Biologica et 
Geologica. Slovenska akademija znanosti in umetnosti (SAZU). Bratislva. 54(1): 121-133. 

MIKUŽ V., ŠOSTER A., STARE F., SUKIČ-PREKMURSKI M., 2015. Megalodon teeth from Miocene Marlstone at 
Virštanj, Slovenia, Folia Biologica et Geologica. Slovenska akademija znanosti in umetnosti (SAZU). 
Bratislva.  56(2): 77-107. 

MÜLLER J. & HENLE F. G. J. 1838. On the generic characters of cartilaginous fishes, with descriptions of new 
genera. Magazine of natural history and journal of zoology, botany, mineralogy, geology and meteorology. 
Natural History Museum. London. 2: 33-37 & 88-91. 

NYBERG K., CIAMPAGLIO C., WRAY G. 2006. Tracing the ancestry of the great white shark, Carcharodon 
carcharias, using morphometric analyses of fossil teeth. Journal of Vertebrate Paleontology. Society of 
Vertebrate Paleontology. 26(4): 806-814. 

NOLF D. & STEURBAUT E. 1979. Les otolithes de téléostéens des faluns Sallomaciens d’Orthez et de Sallespisse 
(Miocène moyen d’Aquitaine merdionale, France). Palaeontographica. Schweizerbart science publishers. 
Stuttgart. A 164: 1-23. 

NOSZKY J. 1925. Adalékok a magyarországi Lajtameszek faunájához. Annales Musei Nationalis Hungarici. Budapest. 
22: 230-280. 

PAZ R. de la. 1975. Systématique et phylogenèse des Sparidae du genre Diplodus Raf., (Pisces, Teleostei). Travaux et 
Documents de l'ORSTOM. Paris. 45: 1-96. 

PHILIPPI R. A. 1846. Tornatella abbreviata, Otodus mitis, Otodus catticus und Myliobatis testae. Palaeontographica. 
Schweizerbart science publishers. Stuttgart. 1: 3-26. 

PROBST J. 1874. Beitrag zur kenntniss der fosille fische aus der Molasse von Baltringen I. Jahreshefte des Vereins für 
vaterländische Naturkunde in Württemberg. Schweizerbart science publishers. Stuttgart. 30: 275-298. 

PURDY R. W., SCHNEIDER V. P., APPLEGATE S. P., MCLELLAN J. H., MEYER R. L., SLAUGHTER R. 2001. 
The Neogene sharks, rays, and bony fishes from Lee Creek Mine, Aurora, North Carolina. In: Ray C. E. & 
Bohaska D. J. Geology and paleontology of the Lee Creek Mine, North Carolina, III. Smithsonian 
Contributions to Paleobiology. Smithsonian Institution Press. Washington. 90: 71-202. 



Muzeul Olteniei Craiova. Oltenia. Studii şi comunicări. Ştiinţele Naturii.  Tom. 33, No. 1/2017             ISSN 1454-6914 
 

17 
 

RAFINESQUE C. S. 1810. Caratteri di alcuni nuovi generi e nuove specie di animali e pinate della Sicilia, con varie 
osservazioni sopra i medisimi. Stampe di San Filippo. Palermo. Part I: 71-105. 

REOLID M. & MOLINA J. M. 2015. Record of Carcharocles megalodon in the Eastern Guadalquivir Basin (Upper 
Miocene, South Spain). Estudios Geológicos. 71(2): e032. 

RÖGL F. 1998. Palaeogeographic considerations for Mediterranean and Paratethys seaways (Oligocene to Miocene). 
Annalen des Naturhistorischen Museums in Wien. 99A: 279-310. 

SANTINI F., CARNEVALE G., SORENSON L. 2014. First multi-locus timetree of seabreams and porgies 
(Percomorpha: Sparidae). Italian Journal of Zoology. 81(1): 55-71. 

SCHULTZ O. & PILLER W. E. 2013. Catalogus Fossilium Austriae Band 3 - Pisces. Verlag der Österreichischen 
Akademie der Wissenschaften. Wien. 576 pp. 

SMITH A. 1844. Pisces. Illustrations of the zoology of South Africa; consisting chiefly of figures and descriptions of the 
objects of natural history collected during an expedition into the interior of South Africa in 1834-36, vol. 4. 
Smith, Elder and Co. London. 177 pp. 

SZABÓ M. & KOCSIS L. 2016. A new Middle Miocene selachian assemblage (Chondrichthyes, Elasmobranchii) from 
the Central Paratethys (Nyirád, Hungary): implications for temporal turnover and biogeography. Geologica 
Carpathica. 67(6): 573-594. 

ȘURARU N. 1992. Biostratigraphie erwagungen uber das Obere Badenien aus dem gebiet von Lopadea Veche (Kreis 
Alba) Pietroasa (Kreis Cluj). Studia Universitatis Babes-Bolyai. Geologia. Cluj-Napoca. 37(2): 49-61. 

TRIF N., CIOBANU R., CODREA V. 2016. The first record of the giant shark Otodus megalodon (Agassiz, 1835) 
from Romania. Brukenthal Acta Musei. Sibiu. 11(3): 507-526. 

VADÁSZ M. E. , 1915. Die mediterranen Echinodermen Ungarns. Geologica Hungarica. Series Geologica. Akademiai 
Kiado. Budapest. 1(2): 79-253. 

VALENCIENNES A. 1844. Histoire naturelle des poissons. Tome dix-septième. Edit. P. Bertrand. Paris. 497 pp. 
WARD D. J. & BONAVIA C. G. 2001. Additions to, and a review of, the Miocene shark and ray fauna of Malta. 

Central Mediterranean Naturalist. University of Malta. La Valleta. 3(3): 131-146.  
WHITE E. I. 1956. The Eocene fishes of Alabama. Bulletins of American Paleontology. Paleontological Research 

Institution. 36(156): 123-150. 
YABE H., GOTO M., KANEKO N. 2004. Age of Carcharocles megalodon (Lamniformes: Otodontidae): A review of 

the stratigraphic records. The Palaeontological Society of Japan (PSJ). Tokio. 75:7-15. 
ZÁGORŠEK K., FILIPESCU S., KATARINA H. 2010. New Middle Miocene Bryozoa from Gârbova de Sus 

(Romania) and their relationship to the sedimentary environment. Geologica Carpathica. Earth Science 
Institute of the Slovak Academy of Sciences. Bratislava. 61(6):495-512.  

 
 

Trif Nicolae 
Brukenthal National Museum, Natural History Museum, Sibiu, Romania, 

Cetății Street 1, Sibiu, RO-550160, Romania 
nicolae.trif@gmail.com;  

 
     Codrea Vlad  

Babeș-Bolyai University, Faculty of Biology-Geology, Department of Geology 
1, Kogălniceanu Str., Cluj-Napoca, RO-400084, Romania 

vlad.codrea@ubbcluj.ro 

 
Received: March 22, 2017 

Accepted: August 23, 2017 

 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


