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Loxoconcha muelleri was established by Méhes (1908) on specimens collected from the lower Pannonian of the Pannonian Basin. It became a relevant species when, in 1978
Carbonnel recorded it for the first time in the Palaeomediterranean within the upper Messinian sediments related to the Lago Mare phase of the Messinian Salinity Crisis (MSC). Since
then, it was reported from several Lago-Mare Palaeomediterranean localities, from Malaga (Spain) to the west, to Adana (southern Turkey) to the east (Guerra-Merchán et al., 2010;
Faranda et al., 2013). Furthermore, biostratigraphic studies claimed its early occurrence in the Lago Mare phase, representing the first Paratethyan immigrant in the Palaeomediterranean
(Grossi et al., 2011).

Notwithstanding the great popularity that the species assumed in the MSC, some doubts were expressed by Stoica et al. (2016) about the presence of L. muelleri in the
Palaeomediterranean during late Messinian, since in Paratethys the species was not recovered in sediments younger than early Maeotian (late Tortonian-early Messinian). Indeed, this
observation rises some relevant questions about tempo and mode of its migration in the Palaeomediterranean. It is possible that the Lago-Mare L. muelleri was misidentified? To answer
this question, we present here the taxonomic revision of L. muelleri and some affine species [Loxoconcha porosa Méhes, 1908, Loxoconcha minima Müller, 1894 and Loxoconcha
granifera (Reuss, 1850) as well as some Messinian “L. minima” valves from the Velona Basin (Ghetti et al., 2002) and Lago-Mare “L. muelleri” from several localities] provided through
optical stereomicroscope and SEM observation as well as geometric morphometrics using the software MORPHOMATICA (Baltanás & Danielopol 2011).

CONCLUSION
1) L. muelleri, L. porosa, and L. granifera are distinct valid species;
2) L. muelleri, “L. minima” Velona and “L. muelleri” Lago-Mare could all be referred only to the species L. muelleri and the slightly different outlines and dimensions of the valves could

be due to environmentally cued polymorphism (decreasing salinity at Velona and Lago-Mare basins)
or

3) L. muelleri, “L. minima” Velona and “L. muelleri” Lago-Mare are part of the same phyletic lineage started with L. muelleri in the Pannonian of the Paratethys. Somehow in the
Tortonian, L. muelleri colonised the Palaeomediterranean (oligohaline Velona Basin) and gave origin to a different species that, later on, diffused in the late Messinian Lago-Mare
oligo-mesohaline basins.

From a palaeobiogeographic point of view, the “typical” L. muelleri remained confined in the Paratethys domain until the Maeotian, whereas “L. muelleri” Lago-Mare did not spread in
the Palaeomediterranean at the beginning of the Lago-Mare phase from the Paratethys, but was already present in the Palaeomediterranean area since, at least, the early Messinian.
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The results of the geometric morphometric analysis on the female right valves
reported in the figure above, show that, notwithstanding the similar morphometric
characters shared by all the specimens, both the cluster analyses in “normalised for
area” and “not normalised for area” modes (cophenetic correlation coefficients,
respectively, 0.86 and 0.82) clearly separate the species L. muelleri, L. porosa, and
L. granifera. Unexpectedly, the only one specimen of L. minima from the Gulf of
Naples falls into the group of L. muelleri, whereas the fossil specimens labelled “L.
minima” from the Velona Basin group separately. Following the ANOSIM pairwise
tests (global R=0.82 for “normalised for area” and 0.97 for “not normalised for
area”, p<0.1%), the cluster groups are confirmed, as all the taxa result statistically
different from each other, except for L. minima and L. muelleri.

The figure above illustrates the results of the geometric morphometric analysis of the
female right valves of L. porosa, L. muelleri, “L. minima” Velona and “L. muelleri” Lago-
Mare. In both dendrograms in “normalised for area” and “not normalised for area” modes
(cophenetic correlation coefficient, respectively 0.82 and 0.90), L. porosa valves are grouped
in a well separated cluster (particularly in “not normalised for area” mode), whereas L.
muelleri, “L. minima” Velona and “L. muelleri” Lago-Mare are all included in the second
cluster.

The ANOSIM pairwise tests (global R=0.42 for “normalised for area” and 0.64 for “not
normalised for area”, p<0.1%) are coherent with the cluster analyses, since L. porosa shows
a R statistic near or equal to 1 respect to the three other taxa, while L. muelleri and “L.
minima” Velona are quite well separated, but there is no significant separation between L.
muelleri and “L. muelleri” Lago-Mare and between “L. muelleri” Lago-Mare and “L. minima”
Velona.
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