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ABSTRACT

A detailed report of the decapod crustaceans discovered in the Middle-Late Miocene outcrops of the
‘Faluns’ of Anjou-Touraine (West of France) is here presented. The Couffon’s compendium (1908)
is reviewed, and the systematics updated. A total of seven genera and eight species of eubrachyuran
crabs, undetermined chelae, and one anomuran species, are reported. The varied decapod assemblage,
dominated by Pilumnus mediterraneus (Lérenthey, 1897), shows clear affinity with coeval decapod
faunas from the Mediterranean and Paratethys realm. This fauna dwelt in a shallow warm and agitated
environment of bryozoan meadows. The age of Hebertides jurassica Guinot, De Angeli & Garassino,
2007, is confirmed, and the probable provenance of the holotype is suggested. We also discuss the
generic status of Scylla michelini A. Milne-Edwards, 1861 transferred herein to Necronectes A. Milne-
Edwards, 1881.

RESUME

Evaluation des crustacés décapodes fossiles du Miocéne moyen-supérieur des Faluns (Anjou-Touraine, France).
Une présentation détaillée d’une série de crustacés décapodes provenant de différents affleurements
des faluns du Miocéne moyen-supérieur de 'Anjou-Touraine (ouest de la France) est présentée dans
cetarticle. Un total de sept genres et huit especes d’eubrachyures et une espece d’anomure sont décrits
ici. Cet assemblage de décapodes est varié, dominé par Pilumnus mediterraneus (Lérenthey, 1897),
montrant une affinité claire avec les faunes de décapodes contemporaines de la Mer Méditerranée et
du domaine paratéthysien. Cette faune vivait dans un environnement peu profond, chaud et agité,
dans des prairies & bryozoaires. Lage de Hebertides jurassica Guinot, De Angeli & Garassino, 2007
est confirmé, et la provenance éventuelle de 'holotype est ici suggérée. Le statut générique de Scylla
michelini A. Milne-Edwards, 1861 est discuté et transféré & Necronectes A. Milne-Edwards, 1881.

www.geodiversitas.com 367


http://www.geodiversitas.com
http://zoobank.org/urn:lsid:zoobank.org:pub:32E3623C-C47B-4D42-B2EB-E2594D031349
https://doi.org/10.5252/geodiversitas2019v41a9
http://geodiversitas.com/41/9
http://geodiversitas.com/41/9
http://zoobank.org/urn:lsid:zoobank.org:author:EDCA2952-E2A3-4B9A-8EB4-36E0B3DCDF32
mailto:aosso@comt.cat
http://zoobank.org/urn:lsid:zoobank.org:author:825E84CE-85F6-491A-9EF0-02F733DBF008

» Ossé6A. & Gagnaison C.

® Rennes

Paris |l

Savigné-sur-Lathan @ Blois

® Angers

[
Tours

Fic. 1. — Location map of the outcrops area, and extension of the Falun’s Sea during the Middle-Late Miocene (shaded area). Map from Gagnaison et al. 2012.

?, limits of the “Faluns sea” probable extension.

INTRODUCTION

Since Couffon (1908, 1934), little has been written on the
crustaceans of the Miocene of the ‘Faluns’ of Anjou-To-
uraine (France). Couffon (1908), summarized the known
species of decapods found in the ‘Faluns’ up to that time:
Seylla michelini A. Milne-Edwards, 1861, Maja orbignyana
Millet de la Turtaudiere, 1865, Titanocarcinus pulchellus A.
Milne-Edwards, 1864, Cancer deshayesii A. Milne-Edwards,
1865 (sic), Cancer sismondai Meyer, 1843 (sic) and also
reported fragments of dactyli as Neprunus aff. monspeliensis
A. Milne-Edwards, 1864 (sic). Herein, that work is reviewed
and the systematics discussed and updated. Gagnaison (2012)
described Paguristes gagnaisoni (Fig. 5E) from the Middle
Miocene of ‘La Sonneterie’ quarry, Meigné-le-Vicomte
(Anjou, France).

As a result of excavations carried out by J. C. Gagnaison
and J. P Hartmann, in ‘La Sonneterie’ quarry, between 1993
to 1997, one hundred and thirty-five disarticulated decapod
crustacean remains, mainly chelae, fragments of carapaces, and
a few complete dorsal carapaces, were recovered after sieving
the bioclastic sands. From this assemblage, and from other
collections recovered in different quarries of this region, eight
families of decapods, containing seven genera and eight species
of brachyurans, are identified: Calappa praelata Lrenthey in
Lérenthey & Beurlen, 1929; Calappa sp. (Calappidae De Haan,
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1833); Hebertides jurassica Guinot, De Angeli & Garassino,
2007 (Corystidae Samouelle, 1819); Maja orbignyana (Maji-
dae Samouelle, 1819); Pilumnus mediterraneus (L8renthey,
1897) (Pilumnidae Samouelle, 1819); Liocarcinus sp. (Poly-
biidae Ortmann, 1893); Necronectes michelini (Portunidae
Rafinesque, 1815); Xantho cf. X. moldavicus (Yanakevich,
1977) (Xanthidae MacLeay, 1838), several undetermined
brachyuran chelae, and the anomuran Paguristes gagnaisoni
Gagnaison, 2012 (Paguridae Latreille, 1802). From these, an
array of twenty-three specimens, the best preserved of each
species, are described and figured herein. The assemblage is
clearly dominated by Pilumnus mediterraneus (Lérenthey,
1897), the most abundant species in the ‘Faluns’, whereas
other species are represented by unique specimens.

The present work represents a complete overview of the
fossil decapods recovered in the ‘Faluns’ outcrops of Anjou-To-
uraine expanding our knowledge of several aspects of the
assemblage. For instance, the age and the probable area of
occurrence of Hebertides jurassica is suggested, the systematic
placement of Scylla michelini is rehabilitated, and the true
nature of Titanocarcinus pulchellus is discussed.

The specimens described in the present work are housed
in the collections at the Musée du Savignéen (Savigné-sur-
Lathan, Indre-et-Loire, France), under acronym MS, and
the paleontological collections of UniLaSalle Polytechnic
Institute (Beauvais, Oise, France) under acronym ULB.

GEODIVERSITAS - 2019 - 41 (9)
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Fig. 2. — A, Panoramic view of the Museum quarry ‘la carriere-musée’ (Channay-sur-Lathan); B, lithostratigraphic columns from the differents shelly sands quarries.
Log 1, ‘la carriere-musée’ (Channay-sur-Lathan, Indre-et-Loire); Log 2, ‘La Sonneterie’ (Meigné-le-Vicomte, Maine-et-Loire); Log 3, ‘Les Bournais’ (St-Laurent-
de-Lin, Indre-et-Loire). Cells: 1, Eocene green marl; 2, Oligocene limestone; 3, clinostratified calcarenite (Upper Burdigalian to Lower Langhian); 4, Bryozoans
clayey shelly sands, ‘Savignean facies’ (Langhian to Serravallian); 5, Bioclastic calcarenite with Anadara turonica (Tortonian); 6, modern soils (Quaternary-Actual);
7, Miocene erosive surface; 8, Fossil occurrences. Photograph by A. Ossd; drawing by C. Gagnaison.

LOCATION AND STRATIGRAPHY.

The specimens studied herein were recovered from different
localities around Savigné-sur-Lathan (Indre-et-Loire, France)
(Fig. 1).

Between the late Burdigalian and the Tortonian (Miocene),
the transgressing sea in the Loire Valley (from West to East
until the Blésois region) and the Savigné-sur-Lathan/Noyant-
sous-le-Lude (South-West of the Paris Basin, Anjou-Touraine)
deposited shelly, sandy sediments locally named ‘Faluns’
(Lecointre 1947) (Fig. 1). This sedimentary formation is
found in different French regions: Vendée-Bretagne, Poitou,
Normandy, Anjou-Touraine and Blésois (Temey 1996).

Excavations in these deposits locally reveal the presence of
numerous marine fossils invertebrates and vertebrates. These
Miocene shelly sands were deposited over different Paleogene-
Early Miocene continental formations: Eocene green marl,
Oligocene-Agenian lacustrine limestone, and Orlanian fluvial

GEODIVERSITAS - 2019 « 41 (9)

sands (Gagnaison 2017; Gagnaison ez al. 2018). Quaternary-
recent soils cover all the Tertiary formations (Fig. 2). Three
Miocene marine facies are present in the sedimentary basin
of Savigné-sur-Lathan/Noyant-sous-le-Lude: 1) clinostratified
calcarenite with sea urchins (late Burdigalian-early Langhian);
2) the clayey shelly sands with bryozoans (‘Savignean facies’)
of the Langhian-Serravallian; and 3) the bioclastic calcaren-
ite with the Tortonian Anadara turonica (‘Lublean facies’)
(Courville & Bongrain 2003).

The fossils reported and described herein were recovered
from two facies: the clayey shelly sands with bryozoans
(Langhian-Serravallian) and the bioclastic calcarenite with
Anadara turonica shells (Tortonian) (Fig. 2).

The clayey shelly sands with bryozoans (Langhian-Serrav-
allian), also called ‘Savignean facies™:

Its thickness varies between 0.5 to 5 meters (Fig. 2). These
facies are composed of clayey, shelly sand with many bryozoan
fragments (mainly celleporiforms and reteporiforms) and

369



» Ossé6A. & Gagnaison C.

molluscs shells (Buge 1948; Courville & Bongrain 2003).
Most of the decapod specimens reported here, come from
the lower part of these shelly sand (‘La Sonneterie’ quarry
near Meigné-le-Vicomte; Fig. 2). In this quarry, this geologi-
cal formation begins with many bryozoan bioconstructions
in place or slightly broken. Many fragile invertebrate fossils
have been found in these facies such as molluscs with their
connecting valves, sea urchins with their spines, and well-
preserved crab remains. This biotope integrates into a warm
underwater environment typical of shallow (upper infralit-
toral) bryozoan colonies (Gagnaison 2012). The classic clay
shelly sand with bryozoan debris and oblique strata covers
this bioconstruction. This unit is interpreted as a warm and
shallow infralittoral environment (Gagnaison 2012),

‘The bioclastic calcarenite with Anadara turonica (Tortonian):

Corresponds to the last Miocene formation in this sedimen-
tary basin. The facies is visible in all three quarries of this study
(Fig. 2). Its thickness does not exceed 4 meters and its top is
always marked by Quaternary-Recent brown clays dissolution
pockets (Fig. 2). This calcarenite is composed by rolled and
broken fossils (bryozoans, molluscs, echinoderms and marine
vertebrates) and rolled quartz grains. Many oblique bi-directional
strata are visible on all the outcrops. Several of the crustacean
remains reported herein, come from the base of this formation.
This calcarenite is interpreted as a warm sea of shallow depth
(intertidal) very agitated by underwater currents (Temey 1996).

ABBREVIATIONS

L length;

W width;

FOW fronto-orbital width;
H height;

T thick.

SYSTEMATIC PALAEONTOLOGY

Order DECAPODA Latreille, 1802
Infraorder BRACHYURA Latreille, 1802
Section EUBRACHYURA de Saint Laurent, 1980
Subsection HETEROTREMATA Guinot, 1977
Superfamily CALAPPOIDEA De Haan, 1833
Family CALAPPIDAE De Haan, 1833

Genus Calappa Weber, 1795

TYPE SPECIES. — Cancer granulatus Linnaeus, 1758, subsequent
designation by Latreille (1810).

Calappa praelata Lérenthey in Lorenthey & Beurlen, 1929
(Fig. 3A-C)

Calappa praelata L8renthey in Lérenthey-Beurlen, 1929: 132, 133,
pl. 6, fig. 3. — Glaessner 1929: 71. — Miiller 1984a: 66, pl. 35,
figs 1-2, 7; pl. 36, fig. 6; 1984b: pl. 2, fig. 4; 1996: 9, pl. 1, fig. 11;
1998: 22. — Gatt & De Angeli 2010: 1329, pl. 2, fig. 2. Sch-
weitzer ez al. 2010: 83. — Pasini ez al. 2012: 135-140, fig. 1A-C. —
Collins 2014: 37-36, t. 1, pl. 2, fig. 9. — Diaz-Medina ez al. 2017:
180, 181, fig. 9A-C.
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Calappa heberti — Glaessner 1928: 174, 175. — Veiga Ferreira 1958:
203-207, text-figs 1-3, pl. 1, figs 1-3 (non Brocchi, 1883).

Calappa cf. heberti — Da Carvalho 1959: 79, pl. 2, figs 4-6.
Calappa heberti sp. 2 — Bachmayer 1962: 41, pl. 2, fig. 1.

Calappa aft. granulata — Bachmayer 1962: 42.

Calappa aft. heberti— Forster 1979: 255,257, pl. 1, figs 2, 3 (non fig. 4).
Calappa sp. — Artal & Gilles 2007: fig. 2a.

Carapace de crabe — Gagnaison ez al. 2009: 1, fig. 2.

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Complete

dorsal carapace embedded of bioclastic limestone, cuticle preserved,
MS2006 ES 134a: L = 30, W = 39.5, FOW = 13.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-

Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Carapace medium sized, transversely subovate in outline,
expanded clypeiform process (wing-like extension) in posterolat-
eral angles; wider than long, maximum width at posterolateral
angle; strongly vaulted longitudinally and transversely. Cuticle well
preserved. Maximum width at level of third posterolateral tooth.
Front narrow, medial notch; orbits small, rounded; supraorbital
margin entire. Anterolateral margin strongly arcuate, ornate with
blunt teeth and nodes. Posterolateral margin strongly convex;
wing-like extension with largest tooth at posterolateral angle,
preceded by three teeth progressively smaller, and followed by
two teeth that decrease in size progressively; all of them triangu-
lar with an axial elevated ridge. Posterior margin short, slightly
convex, bounded by two blunt teeth. Carapace surface covered
anteriorly by large tubercles and swellings, smaller posteriorly,
forming longitudinal rows. Central regions bounded longitu-
dinally by two parallel grooves running from orbits to cardiac
region. Ventral parts and appendages not present.

REMARKS

'The carapace outline, toothed posterolateral wing-like extension,
and dorsal features of the ‘Faluns” specimen, fit well with the
description and images of the holotype figured by Miiller (1984a:
66, pl. 35, figs 1-2), as well as with the specimens in literature,
widely described and depicted by diverse authors through time
(see for instance the synonymies list above). Further, compari-
sons with specimens of the collection of the first author (AO),
allow us to place the French specimen within this species with
confidence. Differences of the French specimen with Calappa
heberti Brocchi, 1883 from the Middle Miocene of the Paratethys
are clear, since the dorsal surface of the carapace of C. heberti
is ornate with short squamous ridges in the posterior portion
and have less produced teeth in its posterolateral angle (e.g.
Lérenthey in Lérenthey & Beurlen 1929: pl. 6, fig. 3; Miiller
1984a: pl. 35, figs 1-2, 7; pl. 36, fig. 6). It differs as well with
C. saheliensis Van Straelen, 1937, from the Late Miocene of
North Africa and Southern Iberian Peninsula, in having large
tubercles in the anterior half of carapace and by the absence of
longitudinal grooves, more or less marked, in the branchial regions

GEODIVERSITAS - 2019 - 41 (9)
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Fic. 3. — A-C, Calappa praelata Lérenthey in Lérenthey & Beurlen, 1929, MS2006 FS 134a: A, dorsal view; B, frontal view; C, close-up of posterolateral margin;
D, E, Calappa sp., MS2018-2-1: D, left chela, MS2018-2-2; E, right chela; F-J, Hebertides jurassica Guinot, De Angeli & Garassino, 2007; F-H, MS2018-1-1:
F, right lateral view; G, frontal view; H, dorsal view; I, J, ULB-SO-1: |, fragment of right dorsal carapace; J, the same fragment showing bryozoans incrusted.
Scale bars: A-H, 10 mm; 1, J, 5 mm. Photographs by A. Osso.

(Van Straclen 1937: pl. 32, fig. 1; type series from MNHN:  from the studied specimen in having stronger tuberculation
MNHN.ER03768). Calappa zurcheri Bouvier, 1899 from the  along almost all the dorsal carapace surface (e.g. Bouvier 1899:
Oligocene-Miocene of Mexico and Panama, also differs clearly ~ 189-192 text-fig. 1; Luque ez a/. 2017: fig. 12M).

GEODIVERSITAS + 2019 - 41 (9) 371


http://coldb.mnhn.fr/CatalogNumber/MNHN/F/R03768

» Ossé6A. & Gagnaison C.

Calappa praelata is widespread during the Miocene
along the Paratethys and Proto-Mediterraneans; it is also
present in the Atlantic along the southern coast of Por-
tugal. Diaz-Medina er a/. (2017: 181) summarized the
known previous records of this species. Calappa praelata
is morphologically very close to the extant C. granulata,
mainly dorsally; however, different features in chelae and
in the posterior margin distinguish both species (see Miil-

ler 1984a: pl. 36, figs 1-5).

Calappa sp.
(Fig. 3D, E)

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Two palms
of a right (embedded in shell-grit matrix) and a left chelipeds,
dactyli not preserved. Right chela, MS2018-2-1: H = 28; left
chela, MS2018-2-2: H = 30.5; W = 33; T = 8.5.

LOCALITY AND HORIZON. — ‘La carri¢re-musée’ (Channay-sur-
Lathan, Indre-et-Loire). Bioclastic calcarenite with Anadara
turonica, Tortonian (Late Miocene).

DESCRIPTION

Palm subtrapezoidal, much higher distally. Upper margin
strongly convex distally, cockscomb like; armed with six
to eight teeth, being the distal ones acute and the medial
ones blunt and larger. Lower margin straight, sharp edged.
Outer surface of palm with coarse granules in the lower

half, being smaller and tight in the upper half.

REMARKS

The two described chelae were recovered on a different
stratigraphic level (Tortonian) than the Calappa praelata
carapace described above (Languian-Serravallian), which
does not allow us to assign with certainty those chelae to
that species. They could be likely attributable to C. praelata,
but the dense granulation of the outer surface of the palm
differs from the less ornamented surface of the right chela
figured by Miiller (1984a: pl. 36, fig. 6) and attributed to
C. praelata. The granules that stipple the outer surface of
the palm, the shorter teeth of the upper margin of chelae,
and the unrimmed lower margin precludes the attribution
of the ‘Faluns’ chelae to C. granulata (see Miiller 1984a:
pl. 36, fig. 1). Consequently, we prefer to leave these chelae
as Calappa sp.

Superfamily CORYSTOIDEA Samouelle, 1819
Family CORYSTIDAE Samouelle, 1819
Subfamily CORYSTINAE Samouelle, 1819

Genus Hebertides
Guinot, De Angeli & Garassino, 2007

TYPE SPECIES. — Hebertides jurassica Guinot, De Angeli & Ga-
rassino, 2007 by original designation.
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Hebertides jurassica Guinot, De Angeli & Garassino, 2007
(Fig. 3F-])

Hebertides jurassica Guinot, De Angeli & Garassino, 2007b: 241-
260, fig. 1-3. — Van Bakel er a/. 2009: 80. — Schweitzer et al.
2010: 104. — Taylor er al. 2012: 71-83, fig. 1; — Taylor 2012:
9-11, fig. 2. — Jagt ez al. 2015: 882. — Emmerson 2017: 323.

Corystid — Guinot ez 4l. 2007a: 53-55, fig. 1.

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Carapace,
MS2018-1-1: L = 16.5, W = 13, FOW = 13. — Fragment of cara-
pace, ULB-SO-1: L = 11.4; W = 5.8.

LOCALITY AND HORIZON. — Carapace: ‘La carri¢re-musée’ (Chan-
nay-sur-Lathan, Indre-et-Loire). Bioclastic calcarenite with Anadara
turonica, Tortonian (Late Miocene). Fragment of carapace: ‘La Son-
neterie’ quarry, Meigné-le-Vicomte (Maine-et-Loire). ‘Savignean
facies’, Langhian-Serravallian (Middle Miocene).

DESCRIPTION (modified from Guinot ez 2/ 2007b)
Carapace longitudinally ovate, longer than wide, convex in
both sections; maximum width at the epibranchial teeth level;
W/L ratio about 0.75. Cuticle well preserved. Regions rela-
tively well defined, slightly swollen and separated by weak,
smooth grooves; medial regions faintly distinct, forming a
continuous medial area. Dorsal surface of carapace covered
by rounded tubercles in anterior half, grouped and aligned
in posterior half. Front narrow, broken, medially V-notched.
Orbits broad; inner orbital tooth blunt, as a fold; supraorbital
margin sinuous, finely serrated, with two V-shaped fissures;
outer orbital tooth triangular, acute, prominent. Supraor-
bital area slightly depressed, smooth. Anterolateral margin
convex, with three granular teeth (excluded the extraorbital
one); the second sunken, placed at lower level that the rest;
the third the larger; the fourth the smallest. Posterolateral
margin slightly convex. Posterior margin convex, with marked
granular rim. Protogastric regions slightly swollen, with two
tubercles obliquely aligned at each lobe. Mesogastric region
subpentagonal, slender and elongate anteriorly, broad poste-
riorly. Metagastric region indistinct from mesogastric region.
Urogastric region subrectangular elongate, separated from
meso-, metagastric regions by two gastric pits. Cardiac region
subhexagonal, somewhat raised respect to urogastric region.
Meta-, urogastric and cardiac regions, bounded laterally by
well-marked branchiocardiac groove. Intestinal region indis-
tinct. Hepatic region subtriangular, well delimited by cervical
and hepatic groove. Branchial regions slightly swollen, epi-
and mesobranchial lobes delimited by a weak oblique groove.
Ventral parts and appendages not present.

REMARKS

Hebertides jurassica was erected based on a unique specimen
found as a loose block in a quarry of Ranville (Normandy).
In spite of the strikingly fine preservation of the specimen,
its age was considered as the same as the rocks of the quarry,
i.e., Bathonian (Middle Jurassic) (Guinot ez a/. 2007a, b).
Further examination of the matrix of this specimen revealed
that the bryozoans (mainly cheilostomes) attached to the
matrix and specimen were not Jurassic in age but younger,
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Cenozoic, and probably Miocene in age. Therefore, it was
assumed that the specimen was accidentally discarded in the
quarry by a fossil collector. Thus, the provenance of that speci-
men remained unknown (Taylor 2012; Taylor ez al. 2012).
Despite this, complete specimens of Hebertides jurassica are
known among French collectors’ private collections, which
regularly collect in the ‘Faluns’ of Anjou-Touraine. Fragmen-
tary remains of their carapaces are relatively common among
the typical shell grit of the ‘Faluns’ (Fig. 31-J). Therefore, the
common occurrence of H. jurassica in the ‘Faluns’ leads us
to suggest that, likely, the holotype comes from a locality in
this region whose age is confirmed as Middle-Late Miocene.

Superfamily MAJOIDEA Samouelle, 1819
Family MAJIDAE Samouelle, 1819
Subfamily MAJINAE Samouelle, 1819

Genus Maja Lamarck, 1801

TYPE SPECIES. — Cancer squinado Herbst, 1788, subsequent desig-
nation by ICZN (1958).

Maja orbignyana Millet de la Turtaudiére, 1865
(Fig. 4A-F)

Maia orbignyana Millet de la Turtaudiére, 1865: 577. — Millet 1854:
152 (nomen nudum). — Couffon 1934: 171, fig. 155.

Maja orbignyana — Couffon 1908: 2, 3, pl. 1, figs 1-4. — Glaessner
1929: 247.

Maja orbigniana — Couffon 1910: 130, fig. 4. — Schweitzer ez al.
2010: 95.

Maia sp. — Via 1932: 9.
Maia cfr. orbingyana — Via 1941: 118, 119, pl. 10, fig. 70.
Maja cf. orbigniana — Miiller 1993: 13, fig. GE.

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — One frag-
ment of anterior part of carapace preserving left rostral spine, left
orbit and protogastric lobe, MS2012 0 172a: L = 26.3; W = 21. —
Three fragments of left orbital region, ULB-SO-3: L =9.5, W = 16;
ULB-SO-3: L =17, W = 11; ULB-SO-2: L = 19, W = 14.5. —
Merus of ambulatory leg ULB-SO-4: L = 23; W = 5. — Dactylus
of ambulatory leg ULB-SO-5: L = 21; W = 4.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-

Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Rostrum bifid with long, conical and acute rostral spines.
Orbits shallow, rounded, opened; supraorbital margin with
medial, flattened, acute subtriangular tooth, bounded by
two fissures, the outer one deepest; outer orbital tooth long,
conical, acute, slightly upward directed; inner orbital tooth
subtriangular, acute; infraorbital margin with a blunt, promi-
nent inner tooth, separated from the outer lateral orbit margin
by a deep fissure. Protogastric region strongly swollen, ornate
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with strong and raised rounded tubercles. Hepatic region
slightly swollen, ornate with rounded granules, the biggest
ones at the basis of the hepatic spine, which is conical, acute
and laterally directed. Merus of ambulatory leg subcircular
in cross section, slightly compressed laterally; dactylus of
ambulatory leg conical, subcircular in proximal cross section,

slightly compressed distally.

REMARKS

The recovered specimens are fragmentary portions of the left
anterior parts of several carapaces (mainly orbits and front).
After comparison with images of the holotype (Couffon 1908:
figs 1,2, 4; 1934: pl. 1, fig. 155), and of the fragmentary left
orbit figured there (Couffon 1908: pl. 1, fig. 3), it is clear
that the recovered remains can be attributed to M. orbignyana
with confidence. The strong, rounded and raised tubercles in

the protogastric lobe and hepatic region are distinctive for the
species (see Miiller 1993: 13).

Superfamily PILUMNOIDEA Samouelle, 1819
Family PILUMNIDAE Samouelle, 1819
Subfamily PILUMNINAE Samouelle, 1819

Pilumnus Leach, 1815

TYPE SPECIES. — Cancer hirtellus Linnaeus, 1761, by monotypy.

Pilumnus mediterraneus (Lérenthey, 1897)
(Fig. 4G-L)

Pilodius mediterraneus Lérenthey, 1897: 160, 167, 169; 1898a: 105,
113, 115; 1898b: 126-129, pl. 8, figs 5, 6; 1898c: 99-101, pl. 8,
figs 5, 6. — Glaessner 1929: 315.

Pilumnus sp. — Glaessner 1928: 190.

Chlorodopsis mediterraneus — LOrenthey in Lérenthey & Beurlen
1929: 34, 225-227, pl. 12, figs 13-17, 19.

Chlorodopsis mediterranea — Bachmayer 1953a: 253, pl. 3, fig. 5. —
Bachmayer & Tollmann 1953: 314.

‘Pilodius mediterraneus — Miller 1974a: 122, pl. 3, fig. 3.

Pilumnus mediterraneus — Miiller 1974b: 280; 1976a: 510; 1976b:
152;1979: 274, pl. 21, fig. 3; 1984a: 93-94, pl. 87, figs 2-5, pl. 88,
figs 1-5. — Radwaniski ez al. 2006: 96, pl. 2, fig. 7. — Ossé &
Stalennuy 2011: 37, fig. 9.3. — Gérka ez al. 2012: 171. — Goérka
in Wysocka et al. 2016: 379, fig. 14E.

Pilumnus sp. — Forster 1979: 260-261, pl. 3, fig. 6, pl. 5, fig. 1, 3,
text-figs 8, 9.

Pince d’une patte de crabe — Gagnaison ez a/. 2009: 1, fig. 3.
Pilumnus cfr. P mediterraneus — De Angeli et al. 2011: 112, fig. 4.

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Two complete
dorsal carapaces with cuticle well preserved, ULB-SO-6: L = 19.5,
W =27,F=8, FOW = 15.5; MS2012 0 170: L = 14, W = 20, F =
8, FOW = 13.5. — Two right chelae, ULB-SO-7: H = 8.72, W =
15.6; ULB-SO-8: H = 7.84; W = 12.8.
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LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-

Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Carapace relatively small sized, subhexagonal, longitudinally
vaulted anteriorly, regions faintly marked; surface smooth,
weakly ornate with small acute granules and small clusters of
acute granules of squamous aspect, spread mainly by anterior
half of carapace; setal pits visible. Maximum width at level
of fourth anterolateral tooth, at the anterior half of carapace.
Front bilobed, medially notched, each half with inner lobes
very wide, and the outer lobes smaller, and separated from the
inner orbital angle by notches. Orbits small, subrectangular,
complete, forward directed; supraorbital margin finely serrated,
with two fissures, one median and a second close to outer
orbital tooth. Anterolateral margin with four subtriangular
teeth (excluding outer orbital tooth), the first one semifused
with the outer orbital one, the second one broad, the third
and fourth acute. Posterolateral margin slightly convex,
smooth. Posterior margin clearly convex medially, rimmed.
Frontal region with a short, longitudinal deep groove, lobes
slightly swollen. Gastric process fairly defined. Epigastric
lobes faintly swollen, ornate. Protogastric lobes rounded,
swollen, faintly ornate. Mesogastric region subpentagonal
elongated anteriorly, wider posteriorly. Metagastric region
indistinct. Urogastric region slightly depressed and sepa-
rated from meso- and metagastric lobes by two gastric pits.
Cardiac region diamond shaped, weakly swollen. Intestinal
region narrow, transversely elongate, faintly swollen later-
ally. Hepatic region with a short granulate ridge paralleling
the anterolateral margin. Epibranchial region with a short,
acute, half-moon ridge not reaching the fourth (epibranchial)
anterolateral tooth. Meso- and metabranchial regions indis-
tinct, swollen. Gastrohepatic groove well marked; cervical
and branchiocardiac grooves slightly marked. Thoracic and
abdominal features not preserved. Right chela stout, palm
slightly wider than long, outer side smooth, spiny in the
upper margin and the distal portion of palm, mainly in
smaller individuals; articulation with the dactylus strong;
dactyli stout, about one third of propodus length; dactylus
curved with blunt teeth in occlusal margin; pollex strong,
with three to four massive acute teeth in the occlusal mar-
gin; setal pits visible in both dactyli. Carpus stout, angle
of upper and outer surface with scattered spiny tubercles;
upper inner angle with prominent tooth.

REMARKS

The specific assignation of the French specimens to Pilumnus
mediterraneus is unequivocal, in view of their stout, short
palm with spiny upper margin and distal part, as well as
their short dactyli (cf. Miiller 1984a: 94, pl. 87, figs 2-5,
pl. 88, figs 1-5; Radwanski ez a/. 2006: fig. pl. 2, figs 7A, B;
Ossé & Stalennuy 2011: fig. 9.3). Couffon (1908: 4, pl. 2,
figs 5-7) reported a fragment and complete carapace and
referred them to Titanocarcinus pulchellus (currently Hayd-
nella pulchellus (A. Milne-Edwards, 1864)) and reproduced
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the diagnosis and the figures of the type of Milne-Edwards
(Couffon 1908: pl. 2, figs 5a-5b). The type specimen was
found on the ‘Faluns’ of Maine-et-Loire, and is currently
lost (Couffon 1908: 1; Miiller 1984a: 90). Strikingly, the
diagnosis of H. pulchellus (see A. Milne-Edwards 1864: 33,
34), as well as its small size, fits well with that of P mediter-
raneus. Given the abundance of chelae of P mediterraneus
in the ‘Faluns’ outcrops, it would be plausible that the small
carapace described by A. Milne-Edwards as 77 pulchellus was
likely a specimen of P mediterraneus. Since the transfer of
this species from Titanocarcinus to Haydnella was made based
on the drawings of A. Milne-Edwards (see Miiller 1984a:
90; Schweitzer ez al. 2007: 281, t. 1, fig. 1), we suggest a
revision of the systematic status of this taxon.

Pilumnus mediterraneus is by far the most abundant
brachyuran of the ‘Faluns’ outcrops, in view of the great
number of chelae remains found; although, complete cara-
paces, or even fragments of them, are very scarce. Miiller
(1984a: 94) pointed out already, referring to the Central
Paratethys realm, that this species “is probably the most
common crab in the Badenian [Langhian/Serravallian]. It
occurs in all types of studied biotopes, even in reefs, but
it is the most abundant in very shallow, almost eulittoral
environments”, and stated: “P mediterraneus occurs in all
substages of the Badenian”. It is present, furthermore, in
the Proto-Mediterranean during the Late Miocene, in the
Messinian reefal outcrops of Spain and Italy (e.g. De Angeli
et al. 2011). As stated by Miiller (1984a: 94), P mediter-
raneus is very close morphologically to the extant P hirtel-
lus Linnaeus, 1761 that lives in the Eastern Atlantic and
Mediterranean Sea. We concur.

Superfamily PORTUNOIDEA Rafinesque, 1815
Family CARCINIDAE Macleay, 1838
Subfamily POLYBIINAE Ortmann, 1893

Genus Liocarcinus Stimpson, 1871

TYPE SPECIES. — Portunus holsatus Fabricius, 1798, by original
designation.

Liocarcinus sp.
(Fig. 5A, B)

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Partially
preserved carapace, MS2012 0 172b: L = 10.5, W = 12, FOW =
8.5, F=4.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-
Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Small sized carapace, subhexagonal, smooth, slightly wider
than long. Regions weakly defined. Three longitudinally
aligned tubercles at each side of carapace. Front incomplete,
straight, but appears to be slightly produced medially. Orbits
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Fig. 4. — A-F, Maja orbignyana Millet de la Turtaudiére, 1865: A, ULB-SO-2, frontal view of left orbit; B, MS2012 0 172a, dorsal view of anterior part of carapace;
C, ULB-SO-3, frontal view of left orbit; D, ULB-SO-3, frontal view of left orbit; E, ULB-SO-4, merus of ambulatory leg; F, ULB-SO-5, dactylus of ambulatory leg;
G-L, Pilumnus mediterraneus (Lérenthey, 1897): G, ULB-SO-6, dorsal view; H, frontal view; I, MS2012 0 170, frontal view; J, dorsal view; K, ULB-SO-7, left chela;
L, ULB-SO-8, left chela. Scale bars: 10 mm. Photographs by A. Ossé.

relatively large; supraorbital margin with two closed fissures.  branchial tooth) the sharper. Posterolateral margin straight;
Anterolateral margin slightly arcuate, with four subtriangular  reentrant of fifth pereiopod well marked. Posterior margin
teeth (excluding the outer orbital tooth), the last of them (epi-  straight. Frontal region smooth, flattened. Gastric process poorly
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defined. Epigastric lobes slightly marked. Protogastric lobes
slightly swollen with faintly marked transverse ridge at each
lobe; marked tubercle near gastrohepatic groove. Mesogastric
region weakly marked. Urogastric region depressed. Cardiac
region large, slightly swollen. Intestinal region depressed.
Hepatic region depressed. Epibranchial region sigmoidal,
weakly marked, with medial tubercle. Mesobranchial region
slightly swollen, with marked tubercle, Metabranchial region
depressed. Cervical groove faintly marked. Branchiocardiac
groove weakly marked. Ventral parts and appendages not
preserved.

REMARKS

The features of the studied specimen fit with those of Liocar-
cinus, and its general outline matches well with the known
Miocene Liocarcinus species (see Schweitzer ez al. 2010).
However, they differ in having a most decorated or rough
surface of the carapace, as for instance L. rakosensis Lérenthey
in Lérenthey & Beurlen, 1929 and L. kuehni (Bachmayer,
1953), whereas in the studied specimen the carapace surface
is completely smooth; or in having more marked and raised
regions as in the case of L. oroszyi (Bachmayer, 1953) and
L. praearcuatus Miiller, 1996 (see Bachmayer 1953a: pl. 2,
figs 2, 5-5a; Miiller 1984a: 83-84, pl. 69, figs 2-6, pl. 71,
figs 1-4; 1996: 10, pl. 2, figs 2-3). Liocarcinus ottnangensis
(Bachmayer, 1953) differs clearly in having a trifid front and
a characteristic prominent transverse ridge running across
the mesogastric and epibranchial regions, which is absent
in the studied specimen (see Hyzny ez al. 2015). Liocarcinus
oligocenicus (Paucd, 1929) and L. lancetidactylus (Smirnov,
1929) presenta different pattern of anterolateral margins and
front, furthermore, their poor preservation makes difficulc an
accurate comparison (e.g. Jerzmariska 1967: fig. 1; Schweitzer
et al. 2009: fig. 6; and Garassino & Novati 2001, respectively).

Regarding the extant species of Liocarcinus (see Ng et al.
2008), they have usually a more arched anterolateral margins
than the studied specimen, and most of them have a trifid
front, and/or a rough surface of carapace, which is smooth
in the studied specimen. Liocarcinus pusillus (Leach, 1815)
and L. navigator (Herbst, 1794) have a similar blunt front
medially produced, similar to the studied specimen, but they
differ in having a rougher dorsal surface, and by the lack of the
conspicuous protogastric ridges and three characteristic tuber-
cles, longitudinally aligned, present in the French specimen
possess (e.g. Froglia & Manning 1982; Koch & Duri$ 2016)

The general outline and dorsal sculpture of the studied spec-
imen also resemble that of Miopipus pygmaeus (Brocchi, 1883)
(Brocchi 1883: 1, pl. 5, figs 4-4a). However, Miiller (1984a:
84, pl. 72, figs 1-4), described the front of M. pygmaeus as
trilobed, narrow and prominent, and the carapace regions as
strongly inflated, which precludes a congeneric relationship
with the specimen described herein.

Therefore, in spite that the aforementioned differences
could lead us to propose a new species of Liocarcinus for this
specimen, based on the poorly preserved sole specimen, we
report it as Liocarcinus sp., until more specimens are avail-
able for study.
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Family PORTUNIDAE Rafinesque, 1815
Subfamily NECRONECTINAE Glaessner, 1928

Genus Necronectes A. Milne-Edwards, 1881

TYPE SPECIES. — Necronectes vidalianus A. Milne-Edwards, 1881
by original designation.

Necronectes michelini (A. Milne-Edwards, 1861)
(Fig. 5D-F)

Seylla michelini A. Milne-Edwards, 1861: 137, pl.3., figs 3-3A. —
Couffon 1908: 3, 4, pl. 1, figs 6-10, pl. 2, figs 1, 2. — Schweitzer
etal 2006: 122; 2010: 110. — Karasawa ez 2/ 2008: 106. — Em-
merson 2017: 584.

Cancer macrochelus — Millet 1854: 152 (non Desmarest, 1817).
Seylla cf. michelini — Glaessner 1928: 184, 185.
Scylla michelini — Glaessner 1929: 374.

Seylla sp. (cf. michelini) — Lérenthey & Beurlen 1929: 178, pl. 15,
figs 5, 6.

Necronectes michelini — Glaessner 1933: 5-6. — De Angeli & Ma-
rangon 1992: 178, 179.

Seylla michelini? — Betancort et al. 2014: 345, pl. 1, figs K1-K2
(non 11-12)

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Two dactyli.
Right dactylus, ULB-SO-9: L = 41.38, H = 25. — Left dactylus
(tip broken off), ULB-SO-10: L = 32.53, H = 15.52.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-
Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Right dactylus stout, gently curved forward; subrectangular
in section with rounded upper angles; strong proximal knob-
stick molariform tooth followed by six serial rounded conical
teeth of different sizes; rounded tip. Left dactylus stout, gently
curved forward; subrectangular in section with rounded upper
angles, proximal tooth and tip not preserved.

REMARKS

Seylla michelini was erected based on fragmentary chelipeds
and was referred to Scylla De Haan, 1833, because of its
similarity to the strong chelipeds of the extant S. serrata (For-
skal, 1775). Nevertheless, A. Milne-Edwards (1861: 136),
pointed out the absence in S. michelini of the two typical
distinct spines on the distal upper part of the palm, near the
insertion of dactylus (see Couffon 1908: pl. 1, figs 6-10, t. 2,
figs 1, 2; MNHN.EB25950, which are present in Scylla spe-
cies (e.g. Keenan er al. 1998; Trivedi & Vachhrajani 2013).
Rathbun (1918: 168), when described Necronectes proavitus
(as Gatunia proavita), pointed out as well, the absence of
those spines as a differential trait with Scy/la, and also noted
the striking similarity between the cheliped of V. proavitus
and that of S. michelini (Rathbun 1918: 171). Furthermore,
A. Milne-Edwards (1861: 136) noted as well, that the upper
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Fic. 5. — A, B, Liocarcinus sp., MS2012 0 172b: A, dorsal view; B, frontal view; C, D, Necronectes michelini (A. Milne-Edwards, 1861): C, ULB-SO-9, right dac-
tylus; D, ULB-SO-10, left dactylus; E, Paguristes gagnaisoni Gagnaison, 2012, MS2006 FS 134b, right chela; F-I, Xantho cf. moldavicus (Yanakevich, 1977):
F, ULB-SO-11, left chela, inner lateral view; G, outer lateral view; H, ULB-SO-12, left chela, outer lateral view; I, frontolateral view; J-M, undetermined chelae:
J, ULB-SO-13, lateral view of right chela; K, frontal view; L, ULB-SO-14, lateral view of left chela; M, close-up showing an encrusted colony of bryozoans. Scale
bars: A, B, 5 mm; C-M, 10 mm. Photographs by A. Osso.

margin of the palm of S. michelini is rounded, whereas it
is usually more flattened and angled in Scylla species (see
Keenan ez al. 1998: fig. 8).

Subsequently, several authors assigned similar fragmen-
tary remains of dactyli y to Seylla michelini (see synonym
list). Glaessner (1933: 5), included S. michelini within
Necronectes A. Milne-Edwards, 1881, being followed by
De Angeli & Marangon (1992: 178, 179). Nevertheless,
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this placement was questioned by Schweitzer ez 2/ (20006:
121, 122), which retained S. michelini within Necronectes
(see also Karasawa et a/. 2008: 1006).

The aforementioned differences in the palms, such as
the absence of the outer and inner spines on distal margin,
and the strong spine at carpal articulation of propodus,
further, the absence of spines on the outer part of carpus,
peculiar of the most species of Scylla possesses (e.g. Keenan
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et al. 1998: fig. 8; Trivedi & Vachhrajani 2013: fig. 5a-c),
allow us to confirm the generic placement of S. michelini
within Necronectes, as it was previously placed by Glaessner
(1928, 1933).

Superfamily XANTHOIDEA MacLeay, 1838
Family XANTHIDAE MacLeay, 1838
Subfamily XANTHINAE MacLeay, 1838

Genus Xantho Leach, 1814

TYPE SPECIES. — Cancer incisus Leach, 1814 by monotypy.

Xantho cf. moldavicus (Yanakevich, 1977)
(Figs 5F-I)

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Two left
chelae, ULB-SO-11: L=6, W =12; ULB-SO-12: L =11, W=21.5.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-
Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Propodi transversely elongate, stout. Palm of left propodus
subtrapezoidal, slightly wider than high; maximum height at
the distal end. Upper margin straight, flattened, rugose. Lower
margin gently convex. Outer side convex, with longitudinal
rugose ridges; transverse stepped depression parallel to the
upper margin, about to the three quarters of the total height.
Inner side obliquely convex distally and concave in the upper
proximal corner. Dactyli slightly shorter than palm; dactylus
gently curved downwards with a blunt keel in upper margin,
and occlusal margin with six or seven subequal triangular teeth;
pollex straight, stout, lower margin slightly convex, transverse
lateral keel and groove, with occlusal margin with seven or
eight subtriangular teeth, the biggest ones in the middle. Tip
of both dactyli spoon like. Setal pits visible.

REMARKS

We have not found carapace remains of Xantho moldavicus
among the recovered decapod remains in the ‘Faluns out-
crops, though the specimen figured by Coufton (1908: pl. 2,
fig. 6) as Titanocarcinus pulchellus could to be referred to this
species. In any case, the chelae examined match exactly the
chelae of X. moldavicus described and depicted in the literature
(e.g. Miiller 1984a: pl. 86, figs 5-8, pl. 86, figs 3, 5; Ossé &
Stalennuy 2011: fig. 9, 1-2; Gérka in Wysocka er al. 2016:
fig. 14G). Furthermore, the typically spooned occlusal surface
of the dactyli tips, would allow us to assign, those chelae to the
aforementioned species. A successful search of this specimen
in the museum collections would confirm the assignation of
both, the Couffon’s carapace and the chelae reported herein
to X. moldavicus. Meanwhile, in absence of complete cara-
paces, or remnants of them, with which to relate the chelae,
we prefer to leave them in open nomenclature.
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Undetermined chelae

(Fig. 5]-M)

MATERIAL EXAMINED AND MEASUREMENTS (in mm). — Left chela
palm, ULB-SO-14: L = 14.5, W = 17. — Right chela palm: ULB-
SO-13: L = 14, W = 20.

LOCALITY AND HORIZON. — ‘La Sonneterie’ quarry, Meigné-le-

Vicomte (Maine-et-Loire). ‘Savignean facies’, Langhian-Serravallian
(Middle Miocene).

DESCRIPTION

Propodi with massive palm slightly subtrapezoidal, stout,
higher distally; outer and inner surface convex, completely
smooth. Upper and lower margin rounded, smooth. Pollex
broken, appears short, with flattened molariform teeth. Carpus
rounded, smooth; blunt tooth at upper inner angle.

REMARKS

Due to their incompleteness and the lack of dactyli, or cara-
paces to they may be related, a generic or familial assignation
is not clear. However, in view of the features displayed, they
could belong to Carpilioidea or Xanthoidea but even to other
superfamilies as well.

DISCUSSION

Couffon (1908), made a compendium of all of the species
found and described from the ‘Faluns’ of Anjou-Touraine. He
revisited the species formerly described by A. Milne-Edwards
and Millet de la Turtaudiére, housed in the collections of
the museums of Angers and Paris, likewise, he reported and
described new specimens. In his work, Couffon used in
part the original diagnosis of the authors and made his own
observations.

For instance, he reported three specimens of Titanocarcinus
pulchellus (Fig. 6A-D), of which he could not locate the type
species; consequently, he figured the original drawings of A.
Milne-Edwards (1863: t. 9, figs 2, 2a;). With respect to the
first specimen, based mainly on the diagnosis not on the
drawing, which may be somewhat idealized (Couffon 1908:
t. 2, figs 5, 5a; Fig. 6A, B), we suggest, as indicated above,
that this specimen is likely a specimen of Pilumnus mediter-
raneus. The second specimen reported and also attributed to
1. pulchellus (Couffon 1908: t. 2, fig. 7; Fig. 6C) is a fragment.
Based on that figure, we are not able to attribute it to any
genus or species. The third specimen attributed to this spe-
cies (Couffon 1908: t. 2, fig. 6; Fig. 6D), an almost complete
dorsal carapace, could actually be, as previously mentioned,
a specimen of Xantho moldavicus (cf. Miiller 1984a: pl. 86,
figs 1, 2, 4; Oss6 & Stalennuy 2011: fig. 3.11-12), a species
to which we tentatively attribute the chelae (Fig. 3F-I).

Two chelae were also reported in Couffon’s work. One
of them, a complete right cheliped without size references
(Couffon 1908: t. 2, figs 3-4; Fig. 6E-F), was attributed to
Lobocarcinus sismondai (as Cancer sismondae). In our opinion,
the general shape of this cheliped and the length and denti-
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Fic. 6. — Digital reproduction of the figures from Couffon (1908) with the original nomenclature: A-D, Titanocarcinus pulchellus Al. Milne-Edwards, 1865 (sic);
E, F, Cancer Sismondae Meyer, 18437 (sic); G, Cancer Deshayesii A. Milne-Edwards, 1865 (sic). Without scale.

tion of its dactyli, does not corresponds with Cancridae chelae
(see Nations 1975; Schram & Ng 2012). Glaessner (1933:
6, 7) discussed on it and interpreted this chela as Eriphia?
sp. An examination of this cheliped would be necessary to
a proper identification. A second specimen, a palm of a left
chela (Couffon 1908: . 1, fig. 11; Fig. 6G), was attributed
to Cancer deshayesii (synonymous of Lobocarcinus sismondai
[see Glaessner 1929]). Indeed, this palm presents the typi-
cal cancrid features (cf. Nations 1975; Schram & Ng 2012)
and matches well with those of L. sismondai (see Bonfiglio &
Donadeo 1982: fig. 17). However, as far we know, L. sis-
mondai has not been reported in the Miocene of the Euro-
pean Atlantic (see Collins 2002: 86; Van Bakel ez /. 2003).
Furthermore, given the great similarity among the palms of
the Cancridae, and considering that we have not recognized
any carapace remains attributable to that species among the
material examined, we prefer to leave this chela tentatively
as Lobocarcinus sp.

The two fragments of dactyli attributed by Couffon (1908:
2, pl. 1, fig. 5) to Neptunus aff. monspeliensis (sic) would belong
likely to a portunid species, but their fragmentary condition
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does not allow any specific or even generic attribution. There-
fore, we leave them as undetermined portunid.

The crab assemblage present in the Middle-Late Miocene
of the ‘Faluns’ of Anjou-Touraine, represents species of nine
families. It shows a clear affinity with Mediterranean and
Paratethyan coeval faunas. Indeed, all of the genera reported
herein, and even several species such as Calappa praelata, Maja
orbignyana, Pilumnus mediterraneus and Xantho cf. moldavicus,
are also present in the Mediterranean and Paratethys realms
during the Miocene (e.g. Miiller 1993; Hyzny 2016). The
only exception is Hebertides, which appears to have a North
Atlantic affinity, like other Neogene Corystidae, at least in
view of the fossil record (e.g. Miiller 1984a; Van Bakel ez al.
2003, 2009).

CONCLUSIONS

A complete appraisal of the fossil crustacean fauna of the
Middle-Late Miocene of the ‘Faluns’ of Anjou-Touraine is
accomplished for the first time since Couffon (1908). The
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preservation of the specimens, all of them disarticulated, indi-
cates an environment of shallow, agitated waters. This decapod
assemblage, clearly dominated by Pilumnus mediterraneus, shows
strong affinities with the Miocene Mediterranean-Paratethyan
faunas, with which this assemblage shares all the genera here
reported, eight in total, with the exception of Hebertides.
Thanks to new evidence, the supposed Cenozoic (Miocene)
age of Hebertides jurassica is confirmed herein, as well as its
possible geographic provenance. Finally, the portunid crab
Seylla michelini is transferred again to Necronectes.

Acknowledgements

We are grateful to Jean Claude Gagnaison for help facili-
tating access to the collections of the Musée du Savignéen.
Sébastien Sage and Valentin Prugneaux kindly donated
important specimens described herein. Peter Massicard (ANR-
11-INBS-0004 Recolnat) provided pictures of comparative
specimens. Francoise Marot provided important literature.
Javier Luque and George Phillips helped with the review of
the English language. We thank Alessandro Garassino and

Matas Hyzny for their accurate and constructive reviews.

REFERENCES

ARTAL P. & GILLES A. 2007. — New Miocene crabs from Pignan
(southeast France), iz GARASSINO A., FELDMANN R. M. &
TErUZZI G. (eds), 3 Symposium on Mesozoic and Cenozoic
decapod crustaceans. Museo di Storia Naturale du Milano, May
23-25,2007. Memorie della Societa italiana di Scienze Naturali e
del Museo ctvico di Storia naturale di Milano 35: 37-42.

BACHMAYER E 1953a. — Die Dekapodenfauna des tortonischen
Leithakalkes von Deutsch-Altenburg (Niederdsterreich). Mittei-
lungen der Geologischen Gesellschaft in Wien 44: 237-262.

BACHMAYER F. 1953b. — Zwei neue Crustaceen-Arten aus dem
Helvet-Schlier von Ottnang (Oberdsterreich). Annalen Des
Naturhistorischen Museums in Wien 59: 137-140. hetps:/[www.
jstor.org/stable/41769069

BACHMAYER F. 1962. — Die Calappiden (Crustacea, Decapoda) aus
den tortonischen Ablagerungen des Wiener Beckens. Annalen
Des Naturbistorischen Museums in Wien 65, 39-46. https:/ [www.
jstor.org/stable/41769719

BACHMAYER E & TOLLMANN A. 1953. — Die Crustaceen-Fauna
aus dem tortonischen Leithakalk (Steinbriiche der Firma Fenk)
bei Grof3-Héflein im Burgenland. Skizzen zum Antlitz der Erde
(Kober-Festschrift): 308-314.

BETANCORT J. E, LOMOSCHITZ A. & MECO J. 2014. — Mio-Plio-
cene crustaceans from the Canary Islands, Spain. Rivista ltaliana
di paleontologia e Stratigrafia 120 (3): 337-349.

BONFIGLIO L. & DONADEO G. 1982. — Cancer sismondai Meyer
nel Pliocene di Torre dell’Orso (Puglia) Azti della Socieris italiana
di Scienze Naturali e del Museo civico di Storia naturale di Milano
123: 255-296.

Bouvier E. L. 1899. — Calappa Zurcheri, Crabe nouveau des terrains
miocénes de Panama. Bulletin du Muséum d Histoire naturelle 5:
189-192. https://biodiversitylibrary.org/page/42892478

BroccHI P. 1883. — Notes sur les crustacés fossiles des terrains ter-
tiaires de la Hongrie. Annales des Sciences géologiques 14 (2): 1-8.

BUGE E. 1948. — Les bryozoaires du Savignéen (Helvétien) de Tou-
raine: essai de paléogéographie du Néogéne de ouest de la France.
Muséum national d’Histoire naturelle, Paris, 31 p. (Mémoires du
Muséum national d’Histoire naturelle — Nouvelle série ; 27 [3]).

380

CARVALHO A. M. G. DA 1959. — Malacostriceos das formacées
glauconiosas do Miocénico superior do litoral a norte do
Cabo Espichel. Boletim do Museu e Laboratério Mineraldgico e
Geoldgico da Faculdade de Ciéncias da Universidade de Lisboa
8 (1): 77-82.

CoOLLINS J. S. H. 2002. — A taxonomic review of British decapod
Crustacea. Bulletin of the Mizunami Fossil Museum 29: 81-92.

CoLLINS J. S. H. 2014. — Middle Miocene “Badenian” (Langhian)
decapod crustaceans from the Retznei quarry, Styrian Basin,
Austria. Bulletin of the Mizunami Fossil Museum 40: 29-50.

COUFFON O. 1908. — Sur quelques crustacés des faluns de Touraine
et d’Anjou suivi d’un essai de Prodrome des Crustacés podoph-
thalmaires miocenes. La Feuille des jeunes Naturalistes 39: 1-40.
https://biodiversitylibrary.org/page/43027551

COUFFON O. 1910. — Maia Orbigniana Millet, in Palacontologia
Universalis. Laval, France, 140 p.

COUFFON O. 1934. — Précis de Géologie angevine. Imprimerie
Centrale, Angers, 195 p.

COURVILLE P & BONGRAIN M. 2003. — Les Pectinidae miocenes
des faluns (Ouest de la France). Intéréts biostratigraphiques des
associations. Annales de Paléonrologie 89: 125-151. https://doi.
org/10.1016/50753-3969(03)00022-3

DE ANGELI A., GARASSINO A. & PASINI G. 2011. — New report
of the coral-associated decapods from the Early Messinian (Late
Miocene) of Acquabona, Rosignano Marittimo (Toscana, Italy).
Atti della Societa italiana di Scienze Naturali e del Museo civico di
Storia naturale di Milano 152 (2): 107-122.

DE ANGELI A. & MARANGON S. 1992. — Necronectes schafferi Glaess-
ner nel Miocene della Sardegna, Italia. Lavori Societa Veneziana
di Scienze Naturali 17: 175-182.

DE HaAN W. 1833-1850. — Crustacea, iz VON SIEBOLD P. E (ED.),
Fauna Japonica sive Descriptio Animalium, quae in [tinere per
Japoniam, Jussu et Auspiciis Superiorum, qui summum in India
Batava Imperium Tenent, Suscepto, Annis 1823-1830 Collegir,
Notis, Observationibus et Adumbrationibus lllustravit. J. Miiller et
Co., Leyden, i-xvii, i-xxxi, ix-xvi: 1-243. https://doi.org/10.5962/
bhl.title. 124951

Diaz-MEDINA G., HYZNY M. & KLOMPMAKER A. A. 2017. — A
lithostratigraphic and palacoenvironmental framework for the
late Miocene El Caracolar section (Granada Basin, Betic Cor-
dillera, Spain) and description of decapod crustaceans. Geobios
50: 173-195. hteps://doi.org/10.1016/j.geobios.2017.04.003

EMMERSON W. D. 2017. — A Guide to, and Checklist for, the Decapocla
of Namibia, South Africa and Mozambique. Volume 2. Cambridge
Scholars Publishing, Cambridge, 650 p.

FaBriC1us . C. 1798. — Supplementatione Entomologiae Systematicae.
C. G. Proft et Storch, Hafniae, Copenhagen, 572 p.

FORSKAL P 1775. — Descriptiones animalium, avium, amphibiorum,
piscium, insectorum, vermium; quae in itinere orientali observavit.
Petrus Forskal, Mélleri, Hafniae, Copenhagen, 164 p. hteps://
doi.org/10.5962/bhl.title.2154

FORSTER R. 1979. — Decapod Crustaceans from the Korytnica
basin (Middle Miocene; Holy Cross Mountains, Central Poland).
Acta Geologica Polonica 9 (3): 253-268.

FRIEBE J. G. 1987. — Eine Krebben-Fauna aus dem Leithakalk
(Badenien) von Wurzing bei Wildon, Steiermark. Mitteilungen
des Naturwissenschaftlichen Vereines fiir Steiermark 117: 57-65.

FrOGLIA C. & MANNING R. B. 1982. — Notes on Liocarcinus
pusillus (Leach) and related species. Quaderni del Laboratorio di
Tecnologia della Pesca 3 (2-5): 257-266.

GAGNAISON C. 2012. — Des bernard-I'hermites dans les faluns
miocénes de Channay-sur-Lathan (Indre-et-Loire, France).
Cossmanniana 14: 67-72.

GAGNAISON C. 2017. — Le site paléontologique du Grand Morier
(Pont-Boutard, Indre-et-Loire, France) : contexte géologique et
détail biostratigraphique des formations cénozoiques  partir des
assemblages de vertébrés fossiles. Geodiversitas 39 (2): 251-271.
https://doi.org/10.5252/g2017n2a5

GEODIVERSITAS - 2019 - 41 (9)


https://www.fisgeo.unipg.it/pm520001/Crustaceans/decapodpages/Third%20circularMilano.pdf
https://www.fisgeo.unipg.it/pm520001/Crustaceans/decapodpages/Third%20circularMilano.pdf
https://www2.uibk.ac.at/downloads/oegg/Band_44_237_262.pdf
https://www2.uibk.ac.at/downloads/oegg/Band_44_237_262.pdf
https://www.jstor.org/stable/41769069
https://www.jstor.org/stable/41769069
https://www.jstor.org/stable/41769719
https://www.jstor.org/stable/41769719
https://riviste.unimi.it/index.php/RIPS/article/view/6076/6454
https://riviste.unimi.it/index.php/RIPS/article/view/6076/6454
https://biodiversitylibrary.org/page/42892478
http://sciencepress.mnhn.fr/fr/collections/memoires-du-museum-national-d-histoire-naturelle-nouvelle-serie-1935-1950/les-bryozoaires-du-savigneen-helvetien-de-touraine
http://sciencepress.mnhn.fr/fr/collections/memoires-du-museum-national-d-histoire-naturelle-nouvelle-serie-1935-1950/les-bryozoaires-du-savigneen-helvetien-de-touraine
http://www.city.mizunami.lg.jp/docs/2014092922841/files/2014092922841_29_07.pdf
http://www.city.mizunami.lg.jp/docs/2014092922766/files/2014092922766_04Collins.pdf
https://biodiversitylibrary.org/page/43027551 
https://doi. org/10.1016/S0753-3969(03)00022-3
https://doi. org/10.1016/S0753-3969(03)00022-3
https://doi.org/10.5962/bhl.title.124951
https://doi.org/10.5962/bhl.title.124951
https://doi.org/10.1016/j.geobios.2017.04.003
https://doi.org/10.5962/bhl.title.2154
https://doi.org/10.5962/bhl.title.2154
https://geojournals.pgi.gov.pl/agp/article/view/9457/8004
http://sciencepress.mnhn.fr/fr/periodiques/geodiversitas/39/2/le-site-paleontologique-du-grand-morier-pont-boutard-indre-et-loire-france-contexte-geologique-et-detail-biostratigraphique-des-formations-cenozoiques-partir-des-assemblages-de-vertebres-fossiles
https://doi.org/10.5252/g2017n2a5 

GAGNAISON J. C., GAGNAISON C. & HARTMANN J. P. 2009. — Les
fossiles d’invertebrés miocénes de la collection de J.-P. Hartmann
conservés dans le Musée du Savignéen. Symbioses 23: 1-6.

GAGNAISON C., CABIDOCHE M., RIERA R. & DECHAMPS M. 2018. —
The Lower Orleanian Continental Sands from the Savigné-sur-Lathan/
Noyant-sous-le-Lude basin (Anjou-Touraine, France): Sedimentology,
Biostratigraphy and Paleoenvironment. Congrés RST, Lille, 22-26
octobre 2018, 1 poster.

GAGNAISON C., GUEVEL B., XERRI S., SIicOT J. L., VILLENEUVE J.
M. & CossarD B. 2012. — La falunié¢re du Tourrelet (Thenay,
Loir-et-Cher, France): nouvelles données sur les vertébrés des
sables continentaux du Miocéne moyen (Orléanien supérieur:
MN5). Revue de Paléobiologie 31 (1): 219-234.

GARASSINO A. & NOVATI M. 2001. — Liocarcinus lancetidactylus
(Smirnov, 1929) and Platymaia lethaeus (Smirnov, 1929) from
the Miocene of N Caucasus (Russia). Atti della Societa iltaliana
di Scienze naturali e del Museo Civico di Storia naturale di Milano
141 (2): 269-281.

GATT M. & DE ANGELI A. 2010. — A new coral-associated decapods
assemblage from the Upper Miocene (Messinian) upper Coralline
Limestone of Malta (Central Mediterranean). Palacontology 53 (6):
1315-1348. https://doi.org/lo. 1111/;. l475-498ﬂ3.2010.01008.x

GLAESSNER M. 1928. — Die Dekapodenfauna des Osterreichischen
Jungtertidrs. Jahrbuch der Geologischen Bundesanstalt 78: 161-219.

GLAESSNER M. E 1929. — Crustacea, Decapoda, 72 POMPECK] E J. (ed.),
Fossilium Catalogus. 1: Animalia. Part. 41. W. Junk, Berlin, 464 p.

GLAESSNER M. F. 1933. — New Tertiary crabs in the collection of
the British Museum. Annals and Magazine of Natural History,
Series 10, 12 (67):1-28.

GORKA M., STUDENCKA B., JASIONOWSKI M., HARA U., WYSOCKA A. &
POBEREZHSKYY A. 2012. — The Medobory Hills (Ukraine): Middle
Miocene reef systems in the Paratethys, their biological diversity and
lithofacies. Binletyn Paristwowego Instytutu Geologicznego 449: 147-174.

GUINOT D. 1977. — Propositions pour une nouvelle classification
des Crustacés Décapodes Brachyoures. Comptes Rendus hebdo-
madaires des Séances de [’Académie des Sciences, série D, Sciences
naturelles 285: 1049-1052. hteps://gallica.bnf.fr/ark:/12148/
bpt6k5497404n/f355.item

GUINOT D., DE ANGELI A. & GARASSINO A. 2007a. — Discovery
of the oldest eubrachyuran crab from the Middle Jurassic (Batho-
nian) of Normandy (France), iz 3rd Symposium on Mesozoic
and Cenozoic Decapod Crustaceans — Museo di Storia Naturale
di Milano, May 23-25, 2007. Memorie della Societi italiana di
Scienze naturali e del Museo civico di Storia naturale di Milano
35 (2): 53-55.

GUINOT D., DE ANGELI A. & GARASSINO A. 2007b. — Hebertides
Jjurassica n. gen., n. sp. (Crustacea, Decapoda, Brachyura) from
the Middle Jurassic (Bathonian) of Normandy (France). Azt della
Societa italiana di Scienze naturali e del Museo civico di Storia
naturale in Milano 14 (2): 241-260.

HERBST J. E W. 1782-1804. — Versuch einer Naturgeschichte der
Krabben und Krebse: nebst einer systematischen Beschreibung ihrer
verschiedenen Arten. Gottlieb August Lange, Berlin & Stralsund,
515 p. hetps://doi.org/10.5962/bhl.title.64679

Hyzny M. 2016. — Diversity and distribution patterns of the Oligo-
cene and Miocene decapod crustaceans (Crustacea: Malacostraca)
of the Western and Central Paratethys. Geologica Carpathica 67
(5): 471-494. hteps://doi.org/10.1515/geoca-2016-0030

Hyzny M., HARZHAUSER M. & DANNINGER W. 2015. — Decapod
Crustacea of the Central Paratethyan Ottnangian Stage (middle Bur-
digalian): implications for systematics and biogeography. Geologica
Carpathica 66 (3): 217-233. hetps://doi.org/10.1515/geoca-2015-0021

JAGT J. W. M., VAN BAKEL B. W. M., GUINOT D., FRAAJER. H. B. &
ARTAL P. 2015. — Fossil Brachyura, in CASTRO P, DAVIE P,
GUINOT D., SCHRAM E & VON VAUPEL KLEIN ]. (eds), Treatise
on Zoology — Anatomy, Taxonomy, Biology. The Crustacea, vol. 9,
Part C-11, Chapter 71-15. Brill, Leiden/Boston: 847-920. https://
doi.org/10.1163/9789004190832_018

GEODIVERSITAS - 2019 « 41 (9)

Fossil decapod crustaceans of the ‘Faluns’ 4

JERZMANSKA A. 1967. — Crabs of the genus Porzunus Weber from the
Menilite Series of the Carpathians. Annales de la Société géologique
de Pologne 37: 539-545. (in Polish, with English summary).

KarasawA H., SCHWEITZER C. E. & FELDMANN R. M. 2008. — Revi-
sion of the Portunoidea Rafinesque, 1815 (Decapoda: Brachyura)
with emphasis on the fossil genera and families. Journal of Crusta-
cean Biology 28 (1): 82-127. https://doi.org/10.1651/07-2882R.1

KEENAN C. P, DAVIE P. J. E & MANN D. L. 1998. — A revision of
the genus Scylla De Haan, 1833 (Crustacea: Decapoda: Brachyura:
Portunidae). 7he Raffles Bulletin of Zoology 46 (1): 217-245.

KocH M. & DURIS Z. 2016. — Notes on distribution of some
portunid crabs in the Mediterranean Sea (Decapoda: Brachyura:
Portunidae). Acta Musei Silesiae, Scientiae Naturales 65: 117-128.
https://doi.org/10.1515/cszma-2016-0015

LAMARCK ]. B. 1801. — Systéme des animaux sans vertébres, ou 1ab-
leau généml des classes, des ordres et des genres de ces animaux [...]
précédé du discours d'onverture du Cours de Zoologie donné dans
le Muséum national d’Histoire naturelle, l'an 8 de la République.
Déterville, Paris, 432 p. https://doi.org/10.5962/bhl.title. 14255

LATREILLE P A. 1802. — Histoire naturelle, générale et particuliére
des Crustacés et des Insectes. Ouvrage faisant suite aux (Euvres de
Leclerc de Buffon, er Partie du Cours complet d’Histoire naturelle
rédigé par C. S. Sonnini, Membre de plusieurs Sociétés savantes. F.
Dufart, Paris, vol. 3: 1-468. https://doi.org/10.5962/bhl.title. 15764

LATREILLE P. A. 1810. — Considérations générales sur ['ordre naturel
des animaux composant les classes des Crustacés, des Arachnides, et
des Insectes ; avec un tableau méthodique de leur genres, disposés en
Jfamilles. Paris, 444 p. https://doi.org/10.5962/bhl.title.39620

LeAcH W. E. 1814. — Crustaceology, in BREWSTER D. (ed.), 7he
Edinburgh Encylopaedia 7: 383-437. https://biodiversitylibrary.
org/page/37187640

LeacH W. E. 1815. — The Zoological Miscellany; being Descriptions
of New, or Interesting Animals, Hllustrated with Coloured Figures,
Drawn from Nature, in NODDER R. . ez al. (eds). E. Nodder & Son,
London, vol. 2: 145-154. https://doi.org/10.5962/bhl.title.41372

LECOINTRE G. 1947. — Géologie régionale de la France. 4: La
Touraine. Actualités scientifiques et industrielles 1027: 1-240.

LINNAEUS C. 1758. — Systema Naturae per Regna Tria Naturae,
Secundum Classes, Ordines, Genera, Species, cum Characteribus,
Differentiis, Synonymis, Locis, Editio decima, reformata. Tomus
1. Laurentii Salvii, Holmiae iii, 828 p. https://doi.org/10.5962/
bhl.title.542

LINNAEUS C. 1761. — Fauna Suecica sistens Animalia Sueciae Regni:
Mammalia, Aves, Amphibia, Pisces, Insecta, Vermes. Distributa
per classes et ordines, genera et species, cum differentiis specierum,
synonymis auctorum, nominibus incolarum, locis natalium, descrip-
tionibus Insectorum. Editio altera, auctior, Stockholmiae, 578 p.
https://doi.org/10.5962/bhl.title.46380

LORENTHEY I. 1897. — Adatok Magyarorszdg harmadkort rak
faundjéhoz. Mathematikai és Természettudomdnyi Erttesitd 15:
149-169

LORENTHEY I. 1898a. — Beitrage zur Decapodenfauna des ungarischen
Tertidrs. Mathematische und naturwissenschafiliche Berichte aus
Ungarn 14: 92-115. hups://biodiversitylibrary.org/page/31025629

LORENTHEY 1. 1898b. — Adatok Magyarorszdg harmadkord rak-
faundjdhoz. Mathematikai és Természettudomdnyi Erttesité 27
(2): 103-271.

LORENTHEY I. 1898c. — Beitrage zur Decapodenfauna des Ungari-
schen Tertidrs. Természetrajzi fiizetek 21: 1-133. heeps://biodiver-
sitylibrary.org/page/30765126

LORENTHEY E. & BEURLEN K. 1929. — Die fossilen Decapoden
der Lander der Ungarischen Krone. Geologica Hungarica, Series
Palacontologica 3: 1-420.

LUQUE J., SCHWEITZER C. E., SANTANA W., PORTELL R. W., VEGA
E J. & KLOMPMAKER A. A. 2017. — Checklist of fossil deca-
pod crustaceans from tropical America. Part I: Anomura and
Brachyura. Nauplius 25: €2017025. https://doi.org/10.1590/2358-
2936e2017025 https://doi.org/10.1590/2358-2936¢2017025

381


https://doi.org/10.1111/j.1475-4983.2010.01008.x
https://opac.geologie.ac.at/wwwopacx/wwwopac.ashx?command=getcontent&server=images&value=JB0781_161_A.pdf
https://gallica.bnf.fr/ark:/12148/bpt6k5497404n/f355.item
https://gallica.bnf.fr/ark:/12148/bpt6k5497404n/f355.item
https://doi.org/10.5962/bhl.title.64679
https://doi.org/10.1515/geoca-2016-0030
https://doi.org/10.1515/geoca-2015-0021
https://doi.org/10.1163/9789004190832_018
https://doi.org/10.1163/9789004190832_018
https://doi.org/10.1651/07-2882R.1
https://doi.org/10.1515/cszma-2016-0015
https://doi.org/10.5962/bhl.title.14255
https://doi.org/10.5962/bhl.title.15764
https://doi.org/10.5962/bhl.title.39620
https://biodiversitylibrary.org/page/37187640
https://biodiversitylibrary.org/page/37187640
https://doi.org/10.5962/bhl.title.41372
https://doi.org/10.5962/bhl.title.542
https://doi.org/10.5962/bhl.title.542
https://doi.org/10.5962/bhl.title.46380
https://biodiversitylibrary.org/page/31025629
https://biodiversitylibrary.org/page/30765126
https://biodiversitylibrary.org/page/30765126
https://epa.oszk.hu/02900/02989/00003/pdf/EPA02989_geologica_hungarica_ser_paleo_03_1929.pdf
https://epa.oszk.hu/02900/02989/00003/pdf/EPA02989_geologica_hungarica_ser_paleo_03_1929.pdf
https://doi.org/10.1590/2358-2936e2017025
https://doi.org/10.1590/2358-2936e2017025

» OsséA. & Gagnaison C.

MacLeay W. S. 1838. — On the Brachyurous Decapod Crustacea
Brought from the Cape by Dr. Smith, in SMITH A. (ed.), lllustra-
tions of the Annulosa of South Africa; Consisting Chiefly of Figures
and Descriptions of the Objects of Natural History Collected During
an Expm’ition into the Interior of South Aﬁz'm, in the Years 1834,
1835, and 1836; fitted out by “The Cape of Good Hope Association
Jor Exploring Central Africa...”. Vol. 3. Smith, Elder and Company,
London: 53-71. https://biodiversitylibrary.org/page/42776618

MARRAS G. & VENTURA G. 1991. — Crostacei decapodi del Miocene
di Sassari (Sardegna nord-occidentale). Bollettino della Societa
Sarda di Scienze Naturali, Sassari 28: 105-119.

MILLET P A. 1854. — Paléontologie de Maine er Loire. Cosnier et
Lachese, Angers, 187 p. https://doi.org/10.5962/bhl.title.15140

MILLET DE LA TURTAUDIERE P. A. 1865. — Paléontographie ou
Description des fossiles nouwveaux du terrain tertiaire marin ou rer-
rain miocéne supérieur du département de Maine-et-Loire (Sup-
plément). Indicateur de Maine et Loire. Cosnier et Lachése,
Angers, vol. 2, 616 p.

MILNE-EDWARDS A. 1860a. — Histoire des Crustacés podophthal-
maires fossiles. Annales des Sciences naturelles, Zoologie, 4°me série,
14: 129-293. https://biodiversitylibrary.org/page/29145258

MILNE-EDWARDS A. 1860b. — Monographie des Thalassiens fossiles.
Annales des Sciences naturelles, Zoologie, 4me série, 14: 294-358.
https://biodiversitylibrary.org/page/29145425

MILNE-EDWARDS A. 1861. — Etudes zoologiques sur les Crustacés
récents de la famille des Portuniens. Archives du Muséum national
d’Histoire naturelle 10: 309-421. hteps://biodiversitylibrary.org/
page/11097278

MILNE-EDWARDS A. 1863. — Monographie des Crustacés fos-
siles de la famille des Cancériens. Annales des Sciences naturelles,
Zoologie, 4me série, 20: 273-324. https://biodiversitylibrary.org/
page/29128628

MILNE-EDWARDS A. 1864. — Monographie des Crustacés fos-
siles de la famille des Cancériens. Annales des Sciences naturelles,
Zoologie, 5¢me série 1: 31-88, pls 1-10. https://biodiversitylibrary.
org/page/29128796

MILNE-EDWARDS A. 1881. — Note sur quelques Crustacés fossiles
des environs de Biarritz. Annales des Sciences géologiques 11 (2): 1-8.

MULLER P. 1974a. — Decapoda (Crustacea) fauna a budapesti
miocénbdl 1. (Les faunes de Crustacés Décapodes des calcaires
miocenes de Budapest.). Foldtani kizlony 104 (1): 119-132.

MULLER P. 1974b. — Decapoda (Crustacea) fauna a budapesti
miocénbél 2. (Faune de Décapodes [Crustacés] du Miocéne de
Budapest). Foldrani kizlony 104 (3): 275-287.

MULLER P. 1976a. — Decapoda (Crustacea) fauna a budapesti
miocénbél 3. (Faune de Décapodes [Crustacés] du Miocéne de
Budapest). Foldrani kizlony 105 (4): 506-512.

MULLER P. 1976b. — Decapoda (Crustacea) fauna a budapesti
miocénbél 4. (Faune de Décapodes [Crustacés] du Miocéne de
Budapest). Foldrani kizlony 106 (2): 149-160.

MULLER P. 1979. — Decapoda (Crustacea) fauna a budapesti
miocénbél 5. (Faune de Décapodes [Crustacés] du Miocéne de
Budapest). Foldrani kizlony 108 (3): 272-312.

MULLER P. 1984a. — Decapod Crustacea of the Badenian. Geologica
Hungarica, Series Palacontologica 42: 25-317.

MULLER P. 1984b. — Messinian and older decapods from the
Mediterranean with description of two new species. Annales
géologiques des Pays helléniques 32: 25-34.

MULLER P. 1993. — Neogene decapod crustaceans from Catalonia.
Seripta Musei Geologici Seminarii Barcinonensis 225: 1-39.

MULLER P. 1996. — Middle Miocene Decapod Crustacea from south-
ern Poland. Prace Muzeum Ziemi, Prace paleozoologiczne 43: 3-14.

MULLER P. 1998. — Crustacea Decapoda, in FLUGEL H. W. (ed.),
Catalogus Fossilium Austriae. Verlag der Osterreichischen Akademie
der Wissenschaften: 1-48.

NG P K. L., GuNoT D. & DavVIE P J. E 2008. — Systema Brachyuro-
rum: Part I. An annotated checklist of extant brachyuran crabs of
the world. 7he Raffles Bulletin of Zoology, Supplement 17: 1-286.

382

ORTMANN A. E. 1893. — Die Decapoden-Krebse des Strassburger
Museums, mit besonderer Beriicksichtigung der von Herrn
Dr.Déderlein bei Japan und bei den Liu-Kiu-Inseln gesammelten
und zur Zeit im Strassburger Museum aufbewahrten Formen.
VII. Theil. Abtheilung: Brachyura (Brachyura genuina Boas) II.
Unterabtheilung: Cancroidea, 2. Section: Cancrinea, 1. Gruppe:
Cyclometopa. Zoologische Jahrbiicher. Abteilung fiir Systematik,
Geographie und Biologie der Thiere 7 (3): 411-495. http:/[www.
biodiversitylibrary.org/page/39199489

0ss0 A. & STALENNUY O. 2011. — Description of the first fossil
species of Bathynectes (Brachyura, Polybiidae) in the Badenian
(middle Miocene) of the Medobory Hills (Ukraine, Central Para-
tethys), with remarks on its habitat ecology. Treballs del Museu
de Geologia de Barcelona 18: 37-46. https://doi.org/10.32800/
tmgb.2011.18.0037

NATIONS J. D. 1975. — The genus Cancer (Crustacea: Brachyura):
systematics, biogeography and fossil record. Natural History
Museum of Los Angeles County Science Bulletin 23: 1-104.

PASINI G., DE ANGELI A. & GARASSINO A. 2012. — Calappa praelata
Lérenthey in Lérenthey & Beutlen, 1929 (Decapoda, Brachyura,
Calappidae) from the Middle Miocene of Tresnuraghes (Oristano,
Sardegna, Italy). Atti della Societis italiana di Scienze naturali e
del Museo civico di Storia naturale in Milano 153 (1): 135-140.

PAUCA M. 1929. — Zwei neue fossile Decapoden aus den Oligozinen
Clupea crenata Schiefern von Suslineski-Muscel und tiber die
Bildung der Menilitschiefer. Bulletin de la Section scientifique de
[Académie roumaine 12: 4, 5, 40-44.

RADWANSKI A., GORKA M. & WYSOCKA A. 2006. — Middle Mio-
cene coralgal facies at Maksymivka near Ternopil (Ukraine): a
preliminary account. Acta Geologica Polonica 56: 89-103.

RAFINESQUE C. S. 1815. — Analyse de la Nature ou Tablean de
I’Univers et des Corps organisés. Jean Barravecchia, Palerme, 230
p. hteps://doi.org/10.5962/bhl.title.106607

RATHBUN M. J. 1918. — Decapod crustaceans from Panama, i
VAUGHAN T. W (ed.), Contributions to the geology and paleontology
of the Canal Zone, Panama and geologically related areas in Central
America and the West Indies. United States National Musewm Bulletin
103: 123-184. http://www.biodiversitylibrary.org/page/32168508

SAINT LAURENT M. DE 1980. — Sur la classification et la phylo-
génie des Crustacés Décapodes Brachyoures. I. Podotremata
Guinot, 1977 et Eubrachyura sect. nov. Comptes Rendus hebdo-
madaires des Séances de [’Académie des Sciences, série D, Sciences
naturelles, 290: 1265-1268. https://gallica.bnf.fr/ark:/12148/
bpt6k57740656/f111.item

SAMOUELLE G. 1819. — The Entomologists Useful Compendinm;
or an Introduction to the Knowledge of British Insects, Comprising
the Best Means of Obraining and Preserving them, and a Descrip-
tion of the Apparatus Generally Used; Together with the Genera of
Linné, and the Modern Method of Arranging the Classes Crustacea,
Myriapoda, Spiders, Mites and Insects, from their Affinities and
Structure, According to the Views of Dr. Leach. T. Boys, London,
496 p. hteps://doi.org/10.5962/bhl.title.34177

ScHrRaM E R. & NG P K. L. 2012. — Whatis Cancer? Journal of Crustacean
Biology32 (4): 665-672. https://doi.org/10.1163/193724012X640650
heeps://doi.org/10.1163/193724012X640650

SCHWEITZER C. E., ARTAL P, VAN BAKEL B., JAGT J. W. M. &
KArRASAWA H. 2007. — Revision of the genus 7itanocarcinus
(Decapoda: Brachyura: Xanthoidea) with two new genera and
one new species. Journal of Crustacean Biology 27 (2): 278-295.
hteps://doi.org/10.1651/5-2713.1

ScHWEITZER C. E., FELDMANN R. M., GARASSINO A., KARASAWA H. &
SCHWEIGERT G. 2010. — Systematic list of fossil decapod crus-
tacean species. Crustaceana Monograph 10: 1-1222. hteps://doi.
org/10.1163/¢j.9789004178915.i-222

ScHWEITZER C. E., FELDMANN R. M. & LAZAR 1. 2009. — Fossil
Crustacea (excluding Cirripedia and Ostracoda) in the University
of Bucharest Collections, Romania, including two new species.

Bulletin of the Mizunami Fossil Museum 35: 1-14.

GEODIVERSITAS - 2019 - 41 (9)


https://biodiversitylibrary.org/page/42776618
https://doi.org/10.5962/bhl.title.15140 
https://biodiversitylibrary.org/page/29145258
https://biodiversitylibrary.org/page/29145425 
https://biodiversitylibrary.org/page/11097278
https://biodiversitylibrary.org/page/11097278
https://biodiversitylibrary.org/page/29128628
https://biodiversitylibrary.org/page/29128628
https://biodiversitylibrary.org/page/29128796
https://biodiversitylibrary.org/page/29128796
https://epa.oszk.hu/01600/01635/00205/pdf/EPA01635_foldtani_kozlony_1974_104_1_119-132.pdf
https://epa.oszk.hu/01600/01635/00207/pdf/EPA01635_foldtani_kozlony_1974_104_3_275-287.pdf
https://epa.oszk.hu/01600/01635/00212/pdf/EPA01635_foldtani_kozlony_1975_105_4_495-533.pdf
https://epa.oszk.hu/01600/01635/00215/pdf/EPA01635_foldtani_kozlony_1976_106_2_149-160.pdf
https://epa.oszk.hu/01600/01635/00224/pdf/EPA01635_foldtani_kozlony_1978_108_3_272-312.pdf
https://epa.oszk.hu/02900/02989/00036/pdf/EPA02989_geologica_hungarica_ser_paleo_42_1984_025-317.pdf
https://epa.oszk.hu/02900/02989/00036/pdf/EPA02989_geologica_hungarica_ser_paleo_42_1984_025-317.pdf
http://www.biodiversitylibrary.org/page/39199489
http://www.biodiversitylibrary.org/page/39199489
https://doi.org/10.32800/tmgb.2011.18.0037
https://doi.org/10.32800/tmgb.2011.18.0037
https://decapoda.nhm.org/pdfs/12412/12412.pdf
https://decapoda.nhm.org/pdfs/12412/12412.pdf
https://geojournals.pgi.gov.pl/agp/article/view/9842/8376
https://doi.org/10.5962/bhl.title.106607
http://www.biodiversitylibrary.org/page/32168508
https://gallica.bnf.fr/ark:/12148/bpt6k57740656/f111.item
https://gallica.bnf.fr/ark:/12148/bpt6k57740656/f111.item
https://doi.org/10.5962/bhl.title.34177
https://doi.org/10.1163/193724012X640650
https://doi.org/10.1651/S-2713.1
https://doi.org/10.1163/ej.9789004178915.i-222
https://doi.org/10.1163/ej.9789004178915.i-222
http://www.city.mizunami.lg.jp/docs/2014092922810/files/2014092922810_35_01.pdf

SCHWEITZER C. E., ITURRALDE-VINENT M., HETLER J. H. &
VELEZ-JUARBE ]. 2006. — Oligocene and Miocene decapods
(Thalassinidea and Brachyura) from the Caribbean. Annals of
Carnegie Museum 75 (2): 111-136. https://doi.org/10.2992/00
97-4463(2006)75[111: OAMDTA]2.0.CO;2

SMIRNOV V. P. 1929. — Decapoda of the fish beds at Black river in the
vicinity of Vladikavkaz. (Decapoda iz rybnykplastov na Chernoy
rechke v okrastnostyakh Vladikavkaza). Arbeiten der Nord-Kauka-
sischen Assoziation Wissenschaftlicher Institute 59: 1-49 (in Russian).

SOLE J. & VIA L. 1989. — Crustacis Decapodes fossils dels Paisos
Catalans (Recopilacié i actualitzacié des de 1855 a 1988).
Baralleria 2: 23-42.

STIMPSON W. 1871. — Preliminary report on the Crustacea dredged
in the Gulf Stream in the Straits of Florida by L.E de Pourtales,
Assist. U.S. Coast Survey. Part L. Brachyura. Bulletin of the Museum
of Comparative Zoology at Harvard College 2: 109-160. hteps://
biodiversitylibrary.org/page/6313618

TAYLOR P. D. 2012. — Two Tales of ‘Un-Jurassic’ Fossils. Bulletin
International Bryozoology Association 8 (2): 9-12.

TAYLOR P. D., BRETON G., GUINOT D., DE ANGELI A. & (GARASSINO
A.2012. — The Cenozoic age of the supposed Jurassic crab Heber-
tides Jurassica Guinot, De Angeli & Garassino, 2007 (Crustacea,
Decapoda, Brachyura). Atti della Societa italiana di Scienze natu-
rali e del Museo civico di Storia naturale in Milano 153 (1): 71-83.

TEMEY 1. 1996. — Le Néogéne de Touraine : approche environnemen-
tale et paléogéographique des faluns du bassin de Noyant-Savigné
(Indre-er-Loire et Maine-et-Loire, France). Mémoire d’Ingénieur
géologue, Institut géologique Albert-de-Lapparent, Cergy-Pontoise
73: 1-292 (unpublished).

TRIVEDI J. N. & VACHHRAJANI K. D. 2013. — Taxonomic account
of genus Seylla (de Haan, 1833) from Gujarat State, India with
two new records of species. Arthropods 2 (4): 159-171.

GEODIVERSITAS - 2019 « 41 (9)

Fossil decapod crustaceans of the ‘Faluns’ 4

VAN BAKEL B. W. M., JaGT J. W. M., FrRaAJE R. H. B. & WILLE
E. R. H. 2003. Piacenzian (Pliocene) decapod crustacean
faunules from northwest Belgium. Bulletin of the Mizunami Fossil
Museum 30: 97-108.

VAN BAKEL B. W. M., JAGT J. W. M., ARTAL P. & FrAAlE R. H.
B. 2009. — Harenacorystes johanjansseni, a new Pliocene crab
(Crustacea, Decapoda) from the Netherlands, and notes on
Miocene-Pliocene corystoid crabs from the North Sea Basin.
Bulletin of the Mizunami Fossil Museum 35: 79-85.

VAN STRAELEN V. 1937. — Sur quelques crabes du Sahélien moyen
des environs d’Oran (Algérie). Bulletin de la Société géologique de
France, sér. 5, t. 6, vol. 30: 473-480.

VEIGA FERREIRA O. DA 1958. — Descoberto de “Calappa heberti”
no Tortoniano do Penedo. Comunicagées dos Servigos Geoldgicos
de Portugal 42: 203-207.

Via L. 1932. — Els crancs fossils del Terciari de Catalunya. Butl-
leti de la Institucié Catalana d’Historia Natural 32 (4): 131-146.

VIA L. 1941. — Los cangrejos fosiles de Catalufia. Boletin del Insti-
tuto Geoldgico y Minero de Espania 55: 3-73.

VIA L. 1988. — Els decipodes, in Historia Natural dels Paisos
Catalans. Fundaci6 Enciclopedia Catalana, Barcelona, vol. 15
(Registre fossil): 351.

WEBER E. 1795. — Nomenclator entomologicus secundum Entomolo-
giam Systematicum ill. Fabrici, in adjectis speciebus recens detectis et
varietatibus. Chilonii and Hamburgi, C.E. Bohn, 171 p.

Wysocka A., RADWANSKI, A., GORKA M., BABEL M., RAD-
WANSKA U. & ZrLOTNIK M. 2016. — The Middle Miocene of
the Fore-Carpathian Basin (Poland, Ukraine and Moldova).
Acta Geologica Polonica 66: 377-379. https://doi.org/10.1515/
agp-2016-0017

YANAKEVICH A. N. 1977. — Middle Miocene reefs of Moldavia.
Stiinca, Kishinev, 116 p (in Russian).

Submirted on 6 August 2018;
accepted on 12 December 2018;
published on 25 April 2019.

383


https://doi.org/10.2992/0097-4463(2006)75[111:OAMDTA]2.0.CO;2
https://doi.org/10.2992/0097-4463(2006)75[111:OAMDTA]2.0.CO;2
https://biodiversitylibrary.org/page/6313618
https://biodiversitylibrary.org/page/6313618
http://www.city.mizunami.lg.jp/docs/2014092922971/files/06Bakel.swf
http://www.city.mizunami.lg.jp/docs/2014092922971/files/06Bakel.swf
http://www.city.mizunami.lg.jp/docs/2014092922810/files/2014092922810_35_06.pdf
https://doi.org/10.1515/agp-2016-0017
https://doi.org/10.1515/agp-2016-0017

	_Hlk530219212

