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Late Miocene Turtles of Grytsiv (western Ukraine) with Rodent Gnaw Marks on the Carapace Sur-
face. Yanenko, V. & Kovalchuk, О. — Th e paper describes a series of turtle remains from the Early 
Late Miocene of Grytsiv (Khmelnytskyi Oblast, Ukraine). Th is fossil assemblage was quite diverse and 
included representatives of four families (Emydidae, Geoemydidae, Testudinidae, and Trionychidae), 
most of which are described only to the family level due to incompleteness. Th e discovery of shell frag-
ments, identifi ed here as Testudo chernovi, is the earliest record of this species on the territory of Ukraine. 
Scratches on the nuchal of T. chernovi are interpreted as traces of gnawing or rasping and are described as 
a new ichnospecies, Machichnus inrosus isp. n. Th ese traces are identifi ed as gnawing marks of the rodent 
Anomalomys grytsivensis, as evidenced by the width of in lower incisors and the presence of two charac-
teristic longitudinal ridges on their labial surface.
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Introduction

Turtles (Testudines) are well represented in the fossil record of Ukraine (Danilov et al., 2017 and references 
therein). Th e oldest remains assigned to this group belong to chelonioids and come from the Paleocene of 
Crimea (Zvonok & Danilov, 2019) and chelonioids and trionychids from the Middle Eocene deposits of Kyiv, 
Luhansk Region and the Crimea (Khosatzky, 1950; Chkhikvadze, 1990; Averianov, 2002; Danilov et al., 2011; 
Zvonok, 2011; Zvonok et al., 2013; Zvonok & Danilov, 2017, 2019; Georgalis & Joyce, 2017). Th ere are no data 
on the presence of turtles in the Oligocene of Ukraine. Th e Quaternary fossil record of this group is rather 
poor and represented by the European pond turtle Emys orbicularis (Linnaeus, 1758), the testudinid Testudo 
(Syromyatnikova, 2023), as well as shell fragments described only up to the family level (e. g., Khosatzky, 1946  a; 
Korneyev, 1953; Tarashchuk, 1965; Kovalchuk et al., 2018 and others). In contrast, Neogene was a heyday for 
turtles as evidenced by the presence of many species described on a large number of remains, including almost 
complete shells. Neogene turtles have been reported from Miocene and Pliocene localities of Ukraine (Riabinin, 
1918, 1945; Khosatzky, 1945, 1946 b, 1947, 1948 a, b, 1949 a, b, 1953; Bogachev, 1960; Pidoplichko & Tarashchuk, 
1960; Telepneva, 1964; Tarashchuk, 1965, 1971 a, b; Chkhikvadze, 1982, 1983, 1989; Khosatzky, 1986; Orlov, 
2005; Sinitsa, 2005; Joyce, 2016; Georgalis & Joyce, 2017; Kovalchuk et al., 2017; Syromyatnikova et al., 2019).

Turtle remains are fragmented, which makes them diffi  cult to process. Many of them are described only 
to the family level due to the lack of reliable diagnostic characters. Type series of some Miocene and Pliocene 
turtle species from the territory of modern Ukraine also include isolated shell fragments and, to a lesser extent, 
other isolated skeletal elements. Th e validity of some of these nominal taxa is doubtful because of the poor 
preservation of their fossils. Th e temporal and geographical ranges of extinct species need to be clarifi ed. Th e 
ability to compare new specimens with those of previously described species is limited.Another problem is that 
many turtle remains came from alluvial deposits, and therefore it is diffi  cult to estimate their actual age properly.

Reptile remains (mostly snakes) from the Grytsiv locality in the western Ukraine have been thoroughly 
studied, and the results of these studies are presented in several publications (Zerova, 1987, 1989, 1992; Szyndlar 
& Zerova, 1990; Szyndlar, 1991; Ivanov, 1999; Szyndlar & Rage, 2002; Rage, 2013; Roček, 2019). At the same 
time, turtle shell fragments from this locality were only briefl y mentioned by Korotkevich (1988) but have never 
been described in detail.

Th e aim of this paper is to revise the turtle remains from Grytsiv, to interpret the traces found on their 
surface in a taphonomic context, and to determine the species composition of turtles in this assemblage.

Geological setting

Th e Grytsiv (also known in the literature as Gritsev, Gritzev, Hrytsiv) locality (49°58´ N, 27°12´ E) is 
situated in the eastern wall of the limestone quarry exposed along the Khomora River, ca. 2 km west of the 
eponymous village in Khmelnytskyi Oblast, Ukraine (fi g. 1). Th e fossil-bearing layer is confi ned to karst fi lling 
deposited at the coastline of the Eastern Paratethys (Korotkevich, 1988). Vertebrate remains were recovered 
from greenish clays and silts interlayered with early Bessarabian (= middle Sarmatian s. l.) algal reef carbonates 
lying on granitic basement (Korotkevich et al., 1985; Topachevsky et al., 1996). Based on a thorough revision 
of small-mammal fossils from Grytsiv, the age of deposits was estimated as early Late Miocene, MN 9 zone 
(Nesin & Nadachowski, 2001). Th is locality represents a taxonomically diverse fossil assemblage, which is one 
of the oldest Vallesian faunas in Europe (Nesin & Kovalchuk, 2021). Th e fossiliferous deposits of Grytsiv have 
a reversed polarity and correlate with the Chron C5r, ca. 11.146–11.056 Ma (Vasilyan et al., 2013; Kirscher et 
al., 2016).

Material and Methods

Th e studied sample consists of 65 shell fragments of diff erent state of preservation. Th ese specimens were 
collected in 1983, 1990 and 1991, and are housed at the Department of Palaeontology (NMNHU-P, collection 
AR) of the National Museum of Natural History, National Academy of Sciences of Ukraine (Kyiv, Ukraine). 
Th e identifi cation of the fossils was accomplished using diagnostic features based on comparisons with extinct 
species deposited in the NMNHU-P collection as well as on data from the literature (Khosatzky, 1948a; 
Chkhikvadze, 1989; Danilov et al., 2017; Kovalchuk et al., 2022). In cases when identifi cation to species level was 
not possible, the specimens were classifi ed to higher taxonomic ranks. Th e systematics of turtles and taxonomic 
hierarchy follows Georgalis & Joyce (2017), Joyce et al. (2021) and Th omson et al. (2021). We used the standard 
anatomical orientation system for turtle shell. Th e osteological terminology for trionychid turtles adopted here 
is based on Gardner & Russell (1994), Scheyer et al. (2007), Vitek & Joyce (2015), and Georgalis & Joyce (2017). 
Description of trace fossils is presented according to Mikuláš et al. (2006), with references to Chumakov et al. 
(2013), de Araújo-Júnior et al. (2017), and Lindholm et al. (2023). A JEOL JSM-606 OLA scanning electron 
microscope was used for preparing SEM pictures.
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Systematic palaeontology

CLASS REPTILIA Laurenti, 1768
ORDER TESTUDINES Batsch, 1788
SUBORDER CRYPTODIRA Cope, 1868
FAMILY EMYDIDAE Gray, 1825 (sensu Joyce et al., 2021)
Emys Duméril, 1805
Emys sp.

Mater ia l .  Two marginal scutes NMNHU-P AR 402/1-2 (fig. 2, B), one vertebral scute AR 402/3, 
one xiphiplastron AR 402/4 (fig. 2, A), one abdominal scute AR 402/5, three fragments of costal plates 
AR 402/6-8.

Fig. 1. Location of Grytsiv on the map of Ukraine (A), and geological profi le of the locality (B), aft er Vasilyan et 
al. (2013) and Nesin & Kovalchuk (2021).
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Description. The surface of scutes and plates is smooth. The greatest length of the 
latter is 12 and 14 mm. The specimens are fragmented thus the width of the proximal and 
distal ends cannot be measured. The upper free edges of the xiphiplastron have wide and 
flattened borders. All the remains described belonged to a small-sized and/or juvenile in-
dividual.

Remarks. The presence of borders in xiphiplastron and morphology of other 
skeletal elements are characteristic for representatives of the genus Emys (Khosatzky 
& Redkozubov, 1989). During the late Miocene, two nominal species of this genus — 
Emys sukhanovi Chkhikvadze, 1983 and Emys tarashchuki (Chkhikvadze, 1980) – oc-
curred in the territory of modern Ukraine (Danilov et al., 2017). The specimens from 
Grytsiv resemble those of E. tarashchuki in overall morphology, albeit the former are 
more gracile.

Fig. 2. Turtle remains from the late Miocene of Grytsiv: A–B — Emys sp., xiphiplastron NMNHU-P AR402/4 
(A), marginal scute NMNHU-P AR 402/1 (B); C–E — Melanochelys cf. M. moldavica Chkhikvadze, 1983, 
costal plate NMNHU-P AR 403 (C), right xiphiplastron NMNHU-P AR 405 (D–E); F, I — Trionychidae indet., 
shell fragments NMNHU-P AR 401/1 (F), AR 401/2 (I); G–H — Testudo chernovi Khosatzky, 1948, nuchal 
NMNHU-P AR 406 (G), type specimen aft er Khosatzky (1948 a: fi g. 1), modifi ed (not to scale). Scale bars equal 
5 mm in A–C, F–G and I, 10 mm in D and E.
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FAMILY GEOEMYDIDAE Th eobald, 1868
Melanochelys Gray, 1869 (sensu Danilov et al., 2017)
Melanochelys moldavica Chkhikvadze, 1983
Melanochelys cf. moldavica

Mater ia l . One right xiphiplastron NMNHU-P AR 405 (fi g. 2, D–E), one neural plate AR 404, one costal 
plate AR 403 (fi g. 2, C).

Description. The posterior lobe of the right xiphiplastron is smoothly narrowed. 
The femoro-anal notch is weakly expressed. The short xiphiplastral processes are rounded 
and not bent posteriorly. The moderate anal notch is pointed. The transverse ridge on the 
upper surface of the caudal part of the xiphiplastron is moderately developed, and it is al-
most parallel to the posterior edge of the bone. The neural plate is wide, hexagonal, with a 
distinct bend of the medial keel. The fragments of costal plates are uniform in width.

Remarks. The right xiphiplastron from Grytsiv is morphologically similar to that 
in Melanochelys moldavica from the middle Sarmatian of Moldova (Chkhikvadze, 1983) 
except for the more pronounced transverse ridge on the upper surface of its caudal part. It 
further differs from the respective bones of the other geoemydid turtles (e. g., Sarmatemys, 
Sakya etc.) in having a much less developed femoro-anal notch and shorter xiphiplastral 
processes. Other skeletal elements (neural and costal plates) share general geoemydid mor-
phology and we tentatively assign them to the same taxon.

FAMILY TESTUDINIDAE Gray, 1825
Testudo Linnaeus, 1758
Testudo chernovi Khosatzky, 1948

Mater ia l . Nuchals, NMNHU-P AR 406 (fi g. 2, G), AR 407 (fi g. 3, A).

Description. The anterior edge of the bones is slightly notched. The cervical scute 
is narrow, arrow-shaped and wedged on the inner side; its length reaches 11.0 mm. Lateral 
wings of the nuchal plate are not covered with pleural scutes. The midline length of the 
specimens AR 406 and AR 407 is equal to 31.6 and 36.1 mm, the greatest width — 38.0 and 
46.2 mm, respectively. The length to width ratio is 0.83 (AR 406) and 0.78 (AR 407).

Remarks. The specimens are identical in morphology and shape to those of T. cher-
novi from the Early Pliocene of Ukraine (Khosatzky, 1948 a), although they are smaller and 
possess a shorter cervical scute. The nuchal of the closely related species Testudo kuchur-
ganica Khosatzky, 1948 has a straight anterior edge and its lateral wings are covered with 
pleural scutes.

A series of characteristic scratches has been observed on one of the specimens consid-
ered (fig. 3, B–C). It was interpreted as traces of gnawing or rasping (Mikuláš et al., 2006) 
and described as a new ichnospecies below.

Machichnus Mikuláš, Kadlecová, Fejfar & Dvořák, 2006
Machichnus inrosus, isp. n.

Holotype . NMNHU-P AR 407, a series of scratches on the upper right margin of the turtle shell 
fragment (fi g. 3).

Etymology. The ichnospecies name has Latin derivation (‘in’ means not enough, and 
‘rosus’ means gnawen) and displays that a relatively small area of the turtle shell is affected 
by traces of gnawing or rasping.
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Diagnosis . Machichnus consisting of narrow, subparallel grooves with a double lon-
gitudinal striation exposed on a small area of the substrate.

Description. There is a series of about 20 elongated shallow grooves on the surface 
of the nuchal of the Testudo chernovi carapace. The striae are uniform in shape, and they 
cover 10–12 % of the affected substrate. They are slightly arcuate in cross-section and bear 
two thin parallel furrows, one of which is located in the centre, and the other is shifted to 
the periphery. These furrows are traces of the longitudinal ridges on the lower incisors of a 
rodent, with which it gnawed (rasped) the turtle shell. The width of the striae is 1 mm, and 
the length of individual scratches reaches 8 mm.

Comparison. The new ichnospecies is similar in shape to those of the ichnogenus 
Machichnus Mikuláš et a l., 2006 from the Early Miocene of the Czech Republic, although 
it differs from Machichnus regularis in having a greater length of scratches, while the width 
of individual striae is at the upper limit of values for the latter. On the contrary, Machich-
nus multilineatus is characterised by wider striae and longer traces. The area affected with 
scratches in Machichnus inrosus is much smaller than that in Early Miocene ichnospecies 
from the Czech Republic. Machichnus bohemicus Mikuláš et al. (2006) resembles M. inro-
sus in the length of traces but differs from the latter in the character of scratches and smaller 

Fig. 3. Th e nuchal plate of Testudo chernovi NMNHU-P AR 407 from Grytsiv with gnaw marks (A); B–C — 
Machichnus inrosus   isp. n., enlarged aff ected area (B) and a set of individual striae (C); D — combined SEM 
image of the mandible of Anomalomys grytsivensis Nesin & Kovalchuk, 2021 (NMNHU-P 22/2703) showing 
the labial surface of the lower incisor with longitudinal ridges.
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width of individual striae. Other members of Machichnus — from the Late Cretaceous of 
England (Chumakov et al., 2013), Neogene of the Atlantic Coastal Plain, USA (Lindholm 
et al., 2023) and the Late Pleistocene–Early Holocene of Brazil (de Araújo-Júnior et al., 
2017) — substantially differ from M. inrosus in morphology and shape.

FAMILY TRIONYCHIDAE Bell, 1828
Trionychidae indet.

Mater ia l . Two shell fragments, NMNHU-P AR 401/1-2 (fi g. 2, F, I).

Remarks. The available material is represented by bone fragments, the anatomic as-
signment of which is limited, as well all other known trionychid remains from Ukraine 
(Georgalis & Joyce, 2017). The external surface is covered by a plywood trionychid sculp-
ture (see Scheyer et al., 2007) consisting of moderate shallow circular pits surrounded by 
ridges.

Testudines indet
Mater ia l . Fift y carapace fragments, NMNHU-P AR 408/1-50.

Remarks. All the specimens assigned to this category have different size and shared 
turtle morphology (see Danilov et al., 2017 for more details), although they are highly frag-
mentary to make any further identification.

Discussion

Composit ion of  the  Late  Miocene turt le  assemblage  of  Gryts iv
Turtle remains from Grytsiv analysed in this study are highly fragmentary. The poor 

preservation of the fossils together with the predominance of non-diagnostic skeletal ele-
ments complicates their identification that resulted in using open nomenclature for most of 
the taxa. Nevertheless, it was possible to identify representatives of four families — Emydi-
dae, Geoemydidae, Testudinidae, and Trionychidae. Emydids and geoemydids are repre-
sented by Emys sp. (possibly E. tarashchuki) and Melanochelys cf. M. moldavica. Similar 
taxa have been reported from the late Miocene of Moldova (Chkhikvadze & Lungu, 1973; 
Chkhikvadze, 1983, 1989), Russia (Khosatzky, 1956; Titov et al., 2006; Tesakov et al., 2017) 
and Ukraine (Chkhikvadze, 1989).

Testudo chernovi was originally described from the Early Pliocene of Ukraine (Kho-
satzky, 1948a) and was also recorded in the Pliocene of Georgia and Moldova (Chkh-
ikvadze, 1983, 1989). Later, the lower temporal limit for this species was dropped to the 
Pontian (Danilov et al., 2017). The finding of two nuchals identified as Testudo chernovi in 
the middle Sarmatian deposits of Grytsiv is the earliest known record of this species. Testu-
dinids are well represented in the Late Miocene fossil record of Europe (e. g., Chkhikvadze, 
1983, 1989; Georgalis & Kear, 2013; Pérez-García & Vlachos, 2014; Vlachos & Tsoukala, 
2014; Pérez-García, 2016; Danilov et al., 2017; Kovalchuk et al., 2017; Garcia et al., 2020; 
Vlachos et al., 2020 a, b; Georgalis & Delfino, 2021; Pérez-García et al., 2022). The number 
of trionychid fossils from Grytsiv is limited. The recent revision of trionychid turtles from 
Europe by Georgalis & Joyce (2017) showed that all fossil trionychids from Ukraine can 
only be identified as Pan-Trionychidae indet. Nevertheless, other Neogene European tri-
onychids have been identified to the genus level, with both genera Trionyx Geoffroy Saint-
Hilaire, 1809, and Rafetus Gray, 1864, been present in the Miocene of Europe (Georgalis 
& Joyce 2017; Georgalis et al., 2020).
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Interpretat ion of  gnaw marks
According to Mikuláš et al. (2006), gnawing (rasping) traces consisting of parallel to 

subparallel, densely spaced grooves on fragments of turtle carapace were usually made by 
rodents. These animals may have rasped turtle carcass either to obtain cartilage and peri-
ost, rich in collagen and vitamins (as suggested by Mikuláš et al., 2006) or replenished the 
mineral (calcium) deficiency in this way similar to modern rodents (I. Zagorodniuk, pers. 
comm. 2023). In order to find out which rodent could make such traces on the surface of 
the Testudo chernovi shell fragment from Grytsiv, we examined all small mammal remains 
collected from this locality and having the same age. Based on the available data, this 
specimen could have been rasped by Anomalomys grytsivensis Nesin & Kovalchuk, 2021. 
Two mandibles with incisors of this rodent recovered from Grytsiv were available for 
comparison. Incisors of this species have the same width as individual striae (ca. 1 mm) 
and bear two characteristic longitudinal ridges on the labial surface (fig. 3, D). The traces 
of these ridges are clearly recognisable as tiny furrows in Machichnus inrosus. Considering 
that the remains of Anomalomys grytsivensis were found in the same layer as the carapace 
fragment, we suggest that the latter was gnawed by an individual of this species.

The lifestyle of anomalomyid rodents is not fully understood. Kowalski (1994) and 
Bolliger (1999) suggested that their hypsodont teeth with a simplified crown pattern were 
fossorial adaptations. According to Kalthoff (2000), small and narrow incisors of Anom-
alomys could not be used as a digging tool in the same way as those in mole rats. Moderate 
fossorial activity was inherent to Anomalomys grytsivensis, but it was unlikely prominent in 
their lifestyle (Nesin & Kovalchuk, 2021). The ultrastructure of tooth enamel in Anomalo-
mys from Grytsiv differs structurally from that in Pliocene and Pleistocene representatives 
of the family Spalacidae (Nowakowski et al., 2018). It is more complex and probably reflects 
feeding on grass by anomalomyid rodents in Miocene steppe landscapes (Kowalski, 1994). 
The results of our study allow suggesting that they were able to replenish mineral deficiency 
in their diet by consuming cartilage and periost from animal carcasses.

Acknowledgements

 Th e research was carried out as part of the research project ‘Development of the biota in the late Cenozoic 
of Ukraine’, funded by the National Museum of Natural History, National Academy of Sciences of Ukraine 
(0120U100451). We are grateful to D. Klymchuk and A. Terebilenko (M. G. Kholodny Institute of Botany, 
National Academy of Sciences of Ukraine) for help with scanning electron microscopy and technical assis-
tance. We thank J. P. Bogado (Universidade Federal de Viçosa, Brazil), H. Francischini (Universidade Federal 
do Rio Grande do Sul, Brazil), M. Reolid (Universidad de Jaén, Spain), D. Vasilyan (Jurassica Museum, Por-
rentruy, Switzerland) and E. Vlachos (Aristotle University of Th essaloniki, Greece) for their kind advice. We 
are grateful to G. L. Georgalis (Institute of Systematics and Evolution of Animals, Polish Academy of Sciences) 
and P. Gol’din (I. I. Schmalhausen Institute of Zoology, National Academy of Sciences of Ukraine) for their 
constructive reviews. We also thank Z. Barkaszi (National Museum of Natural History, National Academy of 
Sciences of Ukraine) for proofreading the manuscript, and D. Usyk (A. S. Makarenko Sumy State Pedagogical 
University) for linguistic consultations on the appropriate Latin name for the new ichnospecies.

References

Araújo-Júnior, H. D., de Souza Barbosa, F. H. & da Silva, L. H. M. 2017. Overlapping paleoichnology, paleoecology 
and taphonomy: Analysis of tooth traces in a Late Pleistocene-early Holocene megafaunal assemblage 
of Brazil and description of a new ichnotaxon in hard substrate. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 468, 122–128, http://doi.org/10.1016/j.palaeo.2016.12 .007

Averianov, A. O. 2002. Review of Mesozoic and Cenozoic sea turtles from the former USSR. Russian Journal of 
Herpetology, 9 (2), 137–154.

Batsch, A. J. G. C. 1788. Versuch einer Anleitung zur Kenntniss und Geschichte der Th iere und Mineralien. Erster 
Th eil. Allgemeine Geschichte der Natur; besondre der Säugthiere, Vögel, Amphibien und Fische. Akademis-
che Buchhandlung, Jena.



319Late Miocene Turtles of Grytsiv (western Ukraine) with Rodent Gnaw Marks on the Carapace Surface

Bell, T. 1828. Characters of the order, families, and genera of the Testudinata. Zoological Journal, 3, 513–516.
Bogachev, V. V. 1960. A new turtle from the Miocene of Crimea. Voprosy geologii bureniya i dobychi neft i, 10, 

88–92 [In Russian].
Bolliger, T. 1999. Family Anomalomyidae, 389–394. In: Rössner, G. E., Heissig, K., eds. Th e Miocene Land 

Mammals of Europe. Verlag Dr. Friedrich Pfeil, München.
Chkhikvadze, V. M. 1980. On the systematic position of freshwater turtles from the Neogene of Moldavia, 

Ukraine and some countries of central Europe. Reports of the Academy of Sciences of the Georgian SSR, 99 
(3), 721–724 [In Russian].

Chkhikvadze, V. M. 1982. Th e large snapping turtle from Pliocene of North Black Seaside. Vestnik Zoologii, 1, 
15–20 [In Russian].

Chkhikvadze, V. M. 1983. Iskopayemye cherepakhi Kavkaza i Severnogo Prichernomorya [Th e fossil turtles of 
Caucasus and Northern Black Seaside region]. Metsniereba, Tbilisi, 1–149 [In Russian]

Chkhikvadze, V. M. 1989. Neogenovye cherepakhi SSSR [Neogene turtles of the USSR]. Metsniereba, Tbilisi, 
1–104 [In Russian]

Chkhikvadze, V. M. 1990. Paleogenovye cherepakhi SSSR [Paleogene turtles of the USSR]. Metsniereba, Tbilisi, 
1–95 [In Russian].

Chkhikvadze, V. M., Lungu, A. N. 1973. Some data about the Middle Sarmatian herpetofauna from Moldo-
va, pp. 79–87 in Paleontologia i stratigrafi a mesokaynozoya yuzhnykh okrain Russkoy platformy. Ştiinţă, 
Chișinău [In Russian].

Chumakov, N. M., Dronov, A. V. & Mikuláš, R. 2013. New ichnospecies of scratching traces from phosphatic 
nodules (Cenomanian, England). Stratigraphy and Geological Correlation, 21 (3), 291–299, https://doi.
org/10.1134/S0869593813030027

Cope, E. D. 1868. On the origin of genera. Proceedings of the Academy of Natural Sciences, Philadelphia, 20, 
242–300.

Danilov, I. G., Syromyatnikova, E. V. & Sukhanov, V. B. 2017. Subclass Testudinata, 27–395. In: Lopatin, A. V., 
Zelenkov, N. V., eds. Fossil Reptiles and Birds. Part 4. Fossil vertebrates of Russia and adjacent countries. 
Th e reference book for palaeontologists, biologists and geologists. GEOS, Moscow [In Russian].

Danilov, I. G., Zvonok, E. A., Syromyatnikova, E. V. & Udovichenko, N. I. 2011. A new species of soft -shelled 
turtle (Trionychidae) from the Middle Eocene of Ukraine. Proceedings of the Zoological Institute of the 
Russian Academy of Sciences, 315 (4), 399–411.

Duméril, A. M. C. 1805. Zoologie analytique, ou méthode naturelle de classifi cation des animaux, rendue plus 
facile a l’aide de tableaux synoptiques. Allais, Paris.

Garcia, G., Pinton, A., Valentin, X., Kostopoulos, D. S., Merceron, G., de Bonis, L. & Koufos, G. D. 2020. Th e 
earliest known crown-Testudo tortoise from the late Miocene (Vallesian, 9 Ma) of Greece. PLoS ONE, 15 
(4), e0224783, doi: 10.1371/journal.pone.0224783

Gardner, J. D. & Russell, A. P. 1994. Carapacial variation among soft -shelled turtles (Testudines: Trionychi-
dae), and its relevance to taxonomic and systematic studies of fossil taxa. Neues Jahrbuch für Geologie und 
Paläontologie Abhandlungen, 193, 209–244.

Geoff roy Saint-Hilaire, E. F. 1809. Mémoire sur les tortues molles, nouveau genre sous le nom de Trionyx, et sur 
la formation des carapaces. Annales du Muséum d’Histoire Naturelle, 14, 1–20.

Georgalis, G. L. & Delfino, M. 2021. The Scontrone turtles – A new insular testudinoid fauna from 
the late Miocene of the Central Mediterranean. Geobios, 68, 71–81, https://doi.org/10.1016/j.geo-
bios.2021.05.001

Georgalis, G. L. & Joyce, W. G. 2017. A review of the fossil record of Old World turtles of the clade 
Pan-Trionychidae. Bulletin of the Peabody Museum of Natural History, 58, 115–208, https://doi.
org/10.3374/014.058.0106

Georgalis, G. L. & Kear B. P. 2013. Th e fossil turtles of Greece: An over-view of taxonomy and distribution. 
Geobios, 46, 299–311, https://doi.org/10.1016/j.geobios.2013.05.001

Georgalis, G. L., Insacco, G., Rook, L., Spadola, F. & Delfi no, M. 2020. Turtle remains from the late Miocene of 
the Cessaniti area, southern Italy — insights for a probable Tortonian chelonian dispersal from Europe to 
Africa. Swiss Journal of Palaeontology, 139 (1), 1–13, https://doi.org/10.1186/s13358-020-00202-y

Gray, J. E. 1825. A synopsis of the genera of reptiles and amphibia, with a description of some new species. An-
nals of Philosophy, 10, 193–217.

Gray, J. E. 1869. Notes on the families and genera of tortoises (Testudinata), and on the characters aff orded by 
the study of their skulls. Proceedings of the Zoological Society of London, 1869, 165–225.

Ivanov, M. 1999. Th e fi rst European pit viper from the Miocene of Ukraine. Acta Palaeontologica Polonica, 44 
(3), 327–334.

Joyce, W. G. 2016. A review of the fossil record of turtles of the clade Pan-Chelydridae. Bulletin of the Peabody 
Museum of Natural History, 57, 21–56, https://doi.org/10.3374/014.057.0103

Joyce, W. G., Anquetin, J., Cadena, E.-A., Claude, J., Danilov, I. G., Evers, S. W., Ferreira, G. S., Gentry, A. D., 
Georgalis, G. L., Lyson, T. R., Pérez-García, A., Rabi, M., Sterli, J., Vitek, N. S. & Parham, J. F. 2021. A 
nomenclature for fossil and living turtles using phylogenetically defi ned clade names. Swiss Journal of 
Palaeontology, 140 (5), 1–45, https://doi.org/10.1186/s13358-020-00211-x



320 V. Yanenko & О. Kovalchuk

Kalthoff , D. C. 2000. Die Schmelzmikrostruktur in den Incisiven der hamsterartigen Nagetiere und anderer 
Myomorpha (Rodentia, Mammalia). Palaeontographica A, 259, 1–193.

Khosatzky, L. I. 1945. Discovery of the representatives of Trionychoidea (Testudines, Reptilia) in the Pliocene 
of Ukraine. Comptes Rendus de l’Academie des Sciences de l’URSS, 49 (6), 445–446.

Khosatzky, L. I. 1946 a. Remains of freshwater turtle Emys orbicularis L. from the Quarternary deposits of the 
Crimea. Byulleten Komissii po izucheniyu chetvertichnogo perioda, 8, 78–81 [In Russian].

Khosatzky, L. I. 1946 b. Some new species of the genus Clemmys Ritgen (Testudines, Reptilia) from the Pliocene 
of Ukraine. Comptes Rendus de l’Academie des Sciences de l’URSS, 52 (7), 617–620.

Khosatzky, L. I. 1947. A tortoise from the Maeotian deposits of the Crimea. Doklady Akademii Nauk SSSR, 58 
(9), 2059–2062 [In Russian].

Khosatzky, L. I. 1948 a. New species of the genus Testudo Linne (Testudines, Reptilia) from the Pliocene of 
Ukraine. Byulleten Komissii po izucheniyu chetvertichnogo perioda, 11, 92–96 [In Russian]

Khosatzky, L. I. 1948 b. About remains of turtles from the Sarmatian of the Crimea. Byulleten Moskovskogo 
obshchestva ispytateley prirody. Otdel geologii, 23 (3), 17–22 [In Russian].

Khosatzky, L. I. 1949 a. Th e history of the fauna of turtles of the USSR in light of paleogeography. Trudy Vtorogo 
Vsesoyuznogo geografi cheskogo sjezda, 3, 221–230 [In Russian].

Khosatzky, L. I. 1949 b. About giant turtles of the Pliocene of Ukraine. Doklady Akademii Nauk SSSR, 64 (3), 
387–389 [In Russian]

Khosatzky, L. I. 1950. Paleontological and stratigraphical signifi cance of the fossil turtles. Voprosy paleontologii, 
1, 20–31 [In Russian]

Khosatzky, L. I. 1953. About Maeotian turtles of the Kerch Peninsula. Ezhegodnik Vsesoyuznogo paleontologich-
eskogo obshchestva, 14, 237–256 [In Russian].

Khozatsky, L. I. 1956. Remains of swamp turtles from the Pliocene of Stavropol. Ezhegodnik Vsesoyuznogo 
paleontologicheskogo obshchestva, 15, 321–327 [In Russian].

Khosatzky, L. I. 1986. A large trionychid from the Sarmatian of Moldavia. Ezhegodnik Vsesoyuznogo paleonto-
logicheskogo obshchestva, 29, 158–170 [In Russian].

Khosatzky, L. I. & Redkozubov, O. I. 1989. Neogenovye cherepakhi Moldavii [Neogene turtles of Moldavia]. 
Shtiintsa, Kishinev, 1–94 [In Russian].

Kirscher, U., Prieto, J., Bachtadse, V., Abdul Aziz, H., Doppler, G., Hagmaier, M. & Böhme, M. 2016. A 
biochronologic tie-point for the base of the Tortonian stage in European terrestrial settings: Mag-
netostratigraphy of the topmost Upper Freshwater Molasse sediments of the North Alpine Foreland 
Basin in Bavaria (Germany). Newsletters on Stratigraphy, 49 (3), 445–467, https://doi.org/10.1127/
nos/2016/0288

Korneyev, O. P. 1953. Fossil fauna of alluvial sands of the Middle Dnieper. Naukovi zapysky Kyivskogo der-
zhavnogo universytetu, 12 (3), 5–48 [In Ukrainian].

Korotkevich, E. L. 1988. Istoriya formirovaniya gipparionovoy fauny Vostochnoy Evropy [A history of formation 
of the hipparion fauna of Eastern Europe]. Naukova Dumka, Kyiv, 1–164 [In Russian].

Korotkevich, E. L., Kushniruk, V. N., Semenov, Yu. A. & Chepalyga, A. L. 1985. New locality of the Middle 
Sarmatian vertebrates in the Ukraine. Vestnik Zoologii, 29 (3), 81–82 [In Russian].

Kovalchuk, O., Divay, J. D., Barkaszi, Z., Sinitsa, M. V., Vasilyan, D. & Stefaniak, K. 2022. New data on the 
Miocene vertebrate assemblage of the Zaysan Basin (Central Asia) with implications for biostratigraphy, 
palaeoecology, and palaeobiogeography. Journal of Vertebrate Paleontology, 42 (2), е2139183, https://doi.
org/10.1080/02724634.2022.2139183

Kovalchuk, O. M., Gorobets, L. V., Syromyatnikova, E. V., Danilov, I. G., Titov, V. V., Krakhmalnaya, T. V., 
Rekovets, L. I. & Zelenkov, N. V. 2017. Vertebrates from the Pontian of the Shkodova Gora Locality 
(Northwestern Black Sea Region, Upper Miocene). Paleontological Journal, 51 (4), 414–429, https://doi.
org/10.1134/S0031030117040050

Kovalchuk, O., Gorobets, L., Veiber, A., Lukashov, D. & Yanenko, V. 2018. Animal remains from Neolithic 
settlements of the Middle Dnieper area (Ukraine). International Journal of Osteoarchaeology, 28 (3), 207–
215, https://doi.org/10.1002/oa.2647

Kowalski, K. 1994. Evolution of Anomalomys Gaillard, 1900 (Rodentia, Mammalia) in the Miocene of Poland. 
Acta zoologica cracoviensia, 37, 163–176.

Laurenti, J. N. 1768. Specimen medicum, exhibens synopsin reptilium emendatam cum experimentis circa venena 
et antidota reptilium austriacorum. J. T. Trattnern, Vienna.

Lindholm, A., Godfrey, S. J., Ward, L. W. & Collareta, A. 2023. A gar-bitten vertebrate coprolite from the 
Neogene of the Atlantic Coastal Plain, USA, and a new ichnospecies of Machichnus Mikuláš et al., 2006. 
Ichnos, doi: 10.1080/10420940.2023.2182300

Linnaeus, C. 1758. Systema naturae, per regna tria naturae, secundum classes, ordines, genera, species, cum characteri-
bus, diff erentiis, synonymis, locis. Tomus I. Editio Decima, Reformata. Laurentius Salvius, Holmia [Stockholm].

Mikuláš, R., Kadlecová, E., Fejfar, O. & Dvořák, Z. 2006. Th ree New Ichnogenera of Biting and Gnaw-
ing Traces on Reptilian and Mammalian Bones: A Case Study from the Miocene of the Czech Re-
public. Ichnos: An International Journal for Plant and Animal Traces, 13 (3), 113–127, http://dx.doi.
org/10.1080/10420940600850729



321Late Miocene Turtles of Grytsiv (western Ukraine) with Rodent Gnaw Marks on the Carapace Surface

Nesin, V. & Kovalchuk, O. 2021. A new late Miocene Anomalomys species from western Ukraine with implica-
tions for the diversity and evolution of anomalomyid rodents in Eastern Europe. Historical Biology, 33 (9), 
1809–1816, https://doi.org/10.1080/08912963.2020.1742711

Nesin, V. A. & Nadachowski, A. 2001. Late Miocene and Pliocene small mammal faunas (Insectivora, Lago-
morpha, Rodentia) of Southeastern Europe. Acta zoologica cracoviensia, 44, 107–135.

Nowakowski, D., Rekovets, L., Kovalchuk, O., Pawlina, E. & Demeshkant, V. 2018. Enamel ultrastructure of 
molars in †Anomalomys gaillardi and some spalacid taxa (Rodentia, Mammalia). Palaeontologia Elec-
tronica, 21.2.18A, 1–15, https://doi.org/10.26879/846

Orlov, N. A. 2005. On the location of the hipparion fauna in the vicinity of Odessa. Izvestiya Muzeynogo Fonda 
imeni A. A. Braunera, 4, 18–20 [In Russian].

Pérez-García, A. 2016. Analysis of the Iberian Aragonian record of Paleotestudo, and refutation of the validity 
of the Spanish ‘Testudo catalaunica’ and the French ‘Paleotestudo canetotiana’. Spanish Journal of Palae-
ontology, 31 (2), 321–340, https://doi.org/10.7203/sjp.31.2.17159

Pérez-García, A. & Vlachos, E.  2014. New generic proposal for the European Neogene large testudinids 
(Cryptodira) and the first phylogenetic hypothesis for the medium and large representatives of the 
European Cenozoic record. Zoological Journal of the Linnean Society, 172, 653–719, https://doi.
org/10.1111/zoj.12183

Pérez-García, A., Martín-Jiménez, M., Vlachos, E. & Codrea, V. 2022. Th e most complete extinct species of 
Testudo (Testudines, Testudinidae) defi ned by several well-preserved skeletons from the late Miocene of 
Romania. Journal of Systematic Palaeontology, 19 (18), 1237–1270, https://doi.org/10.1080/14772019.20
22.2028025

Pidoplichko, I. G. & Tarashchuk, V. I. 1960. A new genus of big-headed turtle from the Pontian deposits in the 
environs of Odessa. Zbirnik prats Zoologichnogo muzeyu AN URSR, 29, 105–110 [In Ukrainian].

Rage, J. C. 2013. Mesozoic and Cenozoic squamates of Europe. Palaeobiodiversity and Palaeoenvironments, 93 
(4), 517–534, https://doi.org/10.1007/s12549-013-0124-x

Riabinin, A. N. 1918. Th e fi nds of fossil Chelonia in Russia. I. About Maeotian turtles in Bessarabia. Trudy Geo-
logicheskogo i mineralogicheskogo muzeya imeni Petra Velikogo, 1, 1–16 [In Russian]

Riabinin, A. N. 1945. A turtle from the Maeotian of the Crimea. Ezhegodnik Vsesoyuznogo paleontologicheskogo 
obshchestva, 12, 126–132 [In Russian].

Roček, Z. 2019. A contribution to the herpetofauna from the late Miocene of Gritsev (Ukraine). Comptes Ren-
dus Palevol, 18 (7), 817–847, https://doi.org/10.1016/j.crpv.2019.07.003

Scheyer, T. M., Sander, P. M., Joyce, W. G., Böhme, W. & Witzel, U. 2007. A plywood sculpture in the shell of 
fossil and living soft -shelled turtles (Trionychidae) and its evolutionary implications. Organisms, Diversity 
and Evolution, 7, 136–144.

Sinitsa, M. V. 2005. Fauna of small mammals (Insectivora, Lagomorpha, Rodentia) of the Maeotian deposits 
of the Kuyalnik Estuary valley. Izvestiya Muzeynogo Fonda imeni A. A. Braunera, 4, 11–17 [In Russian].

Syromyatnikova, E. 2023. Th e last tortoise of Crimea: fi rst record from the Early Pleistocene. Historical Biology, 
https://doi.org/10.1080/08912963.2022.2132159

Syromyatnikova, E. V., Krakhmalnaya, T. V., Chkhikvadze, V. M. & Danilov, I. G. 2019. Turtles Protestu-
do bessarabica from the Late Miocene of Ukraine. Paleontological Journal, 53 (6), 647–659, https://doi.
org/10.1134/S003103011906011X

Szyndlar, Z. 1991. A review of Neogene and Quaternary snakes of Central and Eastern Europe. Part II: Natrici-
nae, Elapidae, Viperidae. Estudios Geologicos, 47, 237–266.

Szyndlar, Z. & Rage, J. C. 2002. Fossil Record of the True Vipers. In: Schuett, G. W., Höggren, M., Doug-
las,  M. E., Greene, H. W., eds. Biology of the Vipers, 419–444. Eagle Mountain Publishing, Eagle Moun-
tain UT.

Szyndlar, Z. & Zerova, G .A. 1990. Neogene Cobras of the genus Naja (Serpentes: Elapidae) of East Europe. 
Annalen des Naturhistorischen Museums in Wien, 91A, 53–61.

Tarashchuk, V. I. 1965. Ectothermic vertebrates from the Pliocene deposits of Zaporozhye region, 74–101. 
In: Pidoplichko, I. G., ed. Prirodnaya obstanovka i fauny proshlogo. Naukova Dumka, Kyiv [In Russian].

Tarashchuk, V. I. 1971 a. Fossil turtles of the family Emydidae from Neogene and Anthropogene deposits of 
Ukraine. Zbirnyk prats Zoologichnogo muzeyu AN URSR, 34, 100–111 [In Ukrainian]

Tarashchuk, V. I. 1971 b. Turtles of Neogene and Anthropogene deposits in Ukraine. Communication 1. Fam-
ily of large-headed turtles (Platysternidae). Vestnik Zoologii, 2, 56–62 [In Russian].

Telepneva, V. P. 1964. New data on Pliocene turtles of Moldavia and Ukraine, p. 70. Voprosy gerpetologii. Materialy 
gerpetologicheskoy konferentsii (12–14 October 1964). Leningrad State University, Leningrad [In Russian].

Tesakov, A. S., Titov, V. V., Simakova, A. N., Frolov, P. D., Syromyatnikova, E. V., Kurshakov, S. V., Trikhun-
kov, Ya. I., Sotnikova, M. V., Kruskop, S. V., Zelenkov, N. V., Tesakova, E. M. & Palatov, D. M. 2017. 
Late Miocene (Early Turolian) vertebrate faunas and associated biotic record of the Northern Caucasus: 
Geology, palaeoenvironment, biochronology. Fossil Imprint, 73 (3–4), 383–444, https://doi.org/10.1515/
if-2017-0021

Th eobald, W. 1868. Catalogue of reptiles in the museum of the Asiatic Society of Bengal. Journal of the Asiatic 
Society, Extra Number, 1868, 8–88.



322 V. Yanenko & О. Kovalchuk

Th omson, R. C., Phillip Q. Spinks, P. Q. & Shaff er H. B. 2021. A global phylogeny of turtles reveals a burst of 
climate-associated diversifi cation on continental margins. Proceedings of the National Academy of Scienc-
es of the United States of America, 118 (7), e2012215118, 1–10, https://doi.org/10.1073/pnas.2012215118

Titov, V. V., Tesakov, A. S., Danilov, I. G., Danukalova, G. A., Mashchenko, E. N., Panteleev, A. V., Sot-
nikova, M. V. & Sychevskaya, E. K. 2006. Th e fi rst representative vertebrate fauna from the late Mio-
cene of Southern European Russia. Doklady Biological Sciences, 411, 508–509, https://doi.org/10.1134/
S001249660606024X

Topachevsky, V. A., Nesin, V. A., Topachevsky, I. V. & Semenov, Yu. A. 1996. Th e Oldest Middle Sarmatian 
Microtheriofauna Locality (Insestivora, Lagomorpha, Rodentia) in Eastern Europe. Dopovidi Natsional-
noi Akademii Nauk Ukrainy, 2, 107–110 [In Russian].

Vasilyan, D., Böhme, M., Chkhikvadze, V. M., Semenov, Yu. A. & Joyce, W. G. 2013. A new giant salamander 
(Urodela, Pancryptobrancha) from the Miocene of Eastern Europe (Grytsiv, Ukraine). Journal of Verte-
brate Paleontology, 33 (2), 301–318.

Vitek, N. S. & Joyce, W. G. 2015. A review of New World turtles of the clade Pan-Trionychidae. Bulletin of the 
Peabody Museum of Natural History, 56, 185–244.

Vlachos, E. & Tsoukala, E. 2014. Testudo cf. graeca from the new Late Miocene locality of Platania (Drama 
basin, N. Greece) and a reappraisal of previously published specimens. Bulletin of the Geological Society 
of Greece, XLVIII, 27–40.

Vlachos, E., Georgalis, G. L., Roussiakis, S., Böhme, M. & Th eodorou, G. 2020 a. Th e Pikermian tortoises (Tes-
tudines, Testudinidae) from the late Miocene of the South Balkans. Journal of Vertebrate Paleontology, 39, 
e1711520, https://doi.org/10.1080/02724634.2019.1711520

Vlachos, E., Pérez-García, A., Roussiakis, S., Georgalis, G. L. & Kear, B. P. 2020 b. Late Miocene tortoises from 
Samos, Greece: implications for European Neogene testudinid systematics and distributions. Journal of 
Vertebrate Paleontology, 39, e1722950, https://doi.org/10.1080/02724634.2019.1722950

Zerova, G. A. 1987. Localities of late Miocene–early Pleistocene lizards and snakes of Ukraine, 12–18. In: Mate-
rialy po nekotoryum gruppam pozdnekaynozoyskikh pozvonochnykh Ukrainy, preprint 87.12. Institute of 
Zoology of the Academy of Sciences of the USSR, Kyiv [In Russian].

Zerova, G. A. 1989. First locality of the fossil snake genus Albaneryx in the USSR. Vestnik zoologii, 5, 30–35.
Zerova, G. A. 1992. Vipera (Daboia) ukrainica — a new viper (Serpentes: Viperidae) from the Middle Sarma-

tian (Upper Miocene) of the Ukraine. Neues Jahrbuch für Geologie und Paläontologie Abhandlungen, 184 
(2), 235–239.

Zvonok, E. 2011. New data on the localities and taxonomic diversity of the Eocene crocodiles and turtles of 
Ukraine. Paleontological collection, 43, 107–120 [In Ukrainian].

Zvonok, E. A. & Danilov, I. G. 2017. A revision of fossil turtles from the Kiev clays (Ukraine, middle Eocene) 
with comments on the history of the collection of fossil vertebrates of A. S. Rogovich. Proceedings of the 
Zoological Institute of the Russian Academy of Sciences, 321 (4), 485–516.

Zvonok, E. A. & Danilov, I. G. 2019. Paleogene Turtles of Crimea. Paleontological Journal, 53 (1), 62–73, htt-
ps://doi.org/10.1134/S003103011901012X

Zvonok, E. A., Danilov, I. G. & Syromyatnikova, E. V. 2013. Th e fi rst reliable record of fossil leatherback sea 
turtle (Dermochelyidae) in Northern Eurasia (middle Eocene of Ukraine). Paleontological Journal, 47, 
199–202.

Received 30 March 2023
Accepted 22 August 2023



<<
  /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


