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An increase in interest to the Pliensbachian palaeobiogeography of Europe makes urgent consideration of
palaeontological data from the regions not taken into account earlier. The representative bivalve records of east-
ern Serbia and some other European territories (a total of 88 species belonging to 42 genera) permits quantitative
assessment of similarity of the Pliensbachian faunas with the Jaccard Index, the Czekanowski's Quantified Coef-
ficient, and the Gower Index. It is established that the Pliensbachian bivalves of eastern Serbia aremost similar to
those of Bulgaria and France; the similarity to several other European territories is moderate and surprisingly al-
most the same. The similarity of the Pliensbachian bivalves between the Danubian and Infra-Getic tectonic units
constituting the territory of eastern Serbia is significant. The interpretation of the results of this study in the light
of the palaeobiogeographical reconstructions implies that theNorthwestern European biochore is heterogeneous
because of different similarity of the regionswithin this unit. The bivalve fauna of Portugal is relativelymore dis-
tinct from the other territories considered in this study (Germany, England, France, etc.). Eastern Serbia was lo-
cated at or near the transition between Northwestern European (Boreal) and Mediterranean (Tethyan)
biochores, and its bivalve fauna is the most similar to those of Bulgaria and France. The results of the present
study also show that ammonites and especially brachiopods are more suitable tools for the Pliensbachian
palaeobiogeographical reconstructions than bivalves.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Bivalves were common organisms in the Early Jurassic seas. In the
Pliensbachian (190.8–182.7 Ma; see Gradstein et al., 2012 and
stratigraphy.org; improved time scale is proposed by Ruhl et al.,
2016), they radiated strongly on the global scale (Miller and Sepkoski,
1988; Damborenea et al., 2013). Although the early Toarcian mass ex-
tinction and relevant palaeoenvironmental perturbations followed
(Hallam, 1986; Little and Benton, 1995; Hallam and Wignall, 1997;
Harries and Little, 1999; Aberhan and Baumiller, 2003; Wignall et al.,
2005; Hesselbo et al., 2007; Caswell et al., 2009; Gómez and Goy,
2011; Sell et al., 2014; Clemency et al., 2015; Neumeister et al., 2015;
Maxwell and Vincent, 2016; Rita et al., 2016), bivalveswere not affected
strongly by the latter in all regions, at least on the long-term scale (e.g.,
Ruban, 2006). These fossils can be important in reconstructions of the
Early Jurassic palaeobiogeography.

Two past decades have beenmarked by an increase in interest in the
Pliensbachianpalaeobiogeographyof Europe. First, Liu (1995) and Liu et

al. (1997) discussed bivalve-based biochores (biochore is synonymous
for palaeobiogeographical unit sensu Westermann, 2000a). Later,
Meister and Stampfli (2000) and Dommergues et al. (2009) addressed
to ammonites. Most recently, Ruban and Vörös (2015) and Vörös
(2016) employed brachiopods for the purposes of
palaeobiogeographical reconstructions. Additionally, Westermann
(2000b) revised the global biochore nomenclature. All this knowledge
is yet to be summarized fully. Moreover, palaeontological data from
some regions not considered in the previous studies may improve this
knowledge substantially. For instance, a very representative regional re-
cord of Pliensbachian bivalves is available from the Carpatho-
Balkanides, where these fossils were studied among the others by
Toula (1881), Ilić (1903), Protić (1934), Andjelković (1958), Radulović
(1982), Jankičević et al. (1983), and Živanović (1993). In-depth study
of Radulović (2013) permitted to extend and to synthesize the informa-
tion on the Pliensbachian bivalves from eastern Serbia, which is a large
territory with complex geological setting (Fig. 1).

The main objective of the present paper is to provide the
palaeobiogeographical interpretation of the available data on the
Pliensbachian bivalves from eastern Serbia with regard to the above-
mentioned Europe-scale developments. Assessment of the relationship
of the faunas of the study area to the major biochores on the quantita-
tive basis appears to be especially urgent.
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2. Geological setting

The territory of eastern Serbia has a very complex geological setting.
It can be assigned to the Danubian, Infra-Getic, and Getic tectonic units
of the Carpatho-Balkanides (Radulović, 1995; Tchoumatchenco et al.,
2006, 2008, 2010, 2011; Radulović, 2013; Ruban et al., 2015). Jurassic
sedimentary complexes are spread widely there, and their age is
established with ammonites, bivalves, brachiopods, and foraminifers
(Jankičević et al., 1983; Radulović, 1995; Andjelković et al., 1996;
Tchoumatchenco et al., 2006, 2008, 2010, 2011; Radulović, 2013). The
Pliensbachian deposits are represented chiefly by carbonates (lime-
stones)with a thickness from15 to 70m (Fig. 1), sandstones occur rare-
ly; fossils are very diverse and abundant in these strata, and these
permit also to control the age of deposits in outcrops (Radulović,
2013). The carbonates belong to the Gresten Facies (sensu Nairn,
1990). The under- and overlying deposits are often siliciclastic or
mixed siliciclastic-carbonate (Radulović, 2013; Ruban et al., 2015).

The plate tectonic position of eastern Serbia in the Early Jurassic
remains debatable. The available reconstructions (Meister and
Stampfli, 2000; Stampfli and Borel, 2002; Golonka, 2004; Seton et al.,
2012) and the regional tectono-/lithostratigraphical interpretations
(Tchoumatchenco et al., 2006, 2008, 2010, 2011) imply that the do-
mains constituting eastern Serbia were located on the northwestern
margin of the Neo-Tethys Ocean together with many other small
tectonic blocks. From the palaeogeographical point of view, the
study territory was a kind of shallow gulf between the Moesian
Platform and the Serbo-Macedonian Massif (see also Andjelković
and Mitrović-Petrović, 1992; Tchoumatchenco et al., 2010).
Palaeobiogeographically, eastern Serbia was close to the Boreal–Tethy-
an transition (Radulović, 1995; Westermann, 2000b; Radulović, 2013;

Ruban et al., 2015), although this transition was somewhat uncertain
and not straight (Ruban and Vörös, 2015).

3. Material and methods

The present study is based, first of all, on the palaeontological mate-
rial summarized by Radulović (2013), in whose work all taxa of the
Pliensbachian bivalves fromeastern Serbia are described and illustrated.
Bivalves from13 localities are considered (Fig. 1). Stratigraphical frame-
work for the localitieswas established by Radulović (2013), and the bio-
and chronostratigraphical developments of the International Commis-
sion on Stratigraphy (Ogg et al., 2008; Gradstein et al., 2012; see also
stratigraphy.org) are taken into account. The noted localities can be at-
tributed to the tectonic units that are established in eastern Serbia by
Tchoumatchenco et al. (2010). Bosman, Pesača, Velika Lukanja,
Bogorodica, Rosomač, and Senokos characterize the Danubian Unit,
and Rgotina, Mali Vrh, Petrlaš, Protopopinci, Mazgoš, Rudine, and
Radejna represent the Infra-Getic Unit (Radulović et al. (2016) consid-
ered the Getic Unit, and the relationship of the Getic Unit sensu
Radulović et al. (2016) and the Infra-Getic Unit sensu
Tchoumatchenco et al. (2010) should be takenwith caution). The infor-
mation from Radulović (2013) permits, therefore, to indicate the occur-
rence of bivalve taxa in each of these units. As full succession of the
Pliensbachian is represented in the both units (Radulović, 2013), the lat-
ter provide representative bivalve records (Supplementary material).

The first aim of the analysis is to reveal the diversity of Pliensbachian
bivalves in eastern Serbia relatively to the other territories, and, thus,
the total number of species and genera is calculated. For the purposes
of the quantitative assessment of the palaeobiogeographical patterns,
palaeontological data from other European territories are necessary.

Fig. 1. Geographical location and generalized Pliensbachian lithology (after Radulović, 2013) of the study area. Geological time scale according to Ogg et al. (2008) and Gradstein et al.
(2012) (updated by the International Commission on Stratigraphy at stratigraphy.org). Detailed stratigraphical framework and lithologies for each locality are presented by Radulović
(2013), and these are not replicated in this article. Abbreviations of localities: Bg – Bogorodica, Bs – Bosman, Ma – Mazgoš, MV – Mali Vrh, Pr – Protopopinci, Ps – Pesača, Pt – Petrlaš,
Ra – Radejna, Rg – Rgotina, Ro – Rosomač, Ru – Rudine, Se – Senokos,VL – Velika Lukanja.
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