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Taxonomic revision of the genus I chthyosarcolites
Desmarest, 1812, and description of Oryxia sulcata gen.
et sp. nov. (Bivalvia, Hippuritida), a new canaliculate

rudist from the Cenomanian of Slovenia:

Abstract

Ichthyosarcolitesvas amongst the first rudist genera to be deatriNeneteen species
have been assigned to this genus since its inttiotuin 1812, all from shallow-marine
tropical carbonates of Albian and Cenomanian agel-(@netaceous). Almost all
nominal species suffer from vague original desmi, and some forms were
inaccurately assigned to the genus. Several spa@es defined on the basis of the
number of flanges along the shell, suchdmhyosarcolites rotundus. monocarinatus

I. triangularis, I. bicarinatus I. tricarinatus, I. alatusandl. polycarinatus An analysis
of the relative position of the flanges on the kbglhierarchical clustering helps with
taxon definition. Two species with a single flarage here recognised, one with a dorsal
flange (. monocarinatuy the other with a ventral oné. griangularis). There is no
consistency in flange distribution on the shellsatelver their number is, i.e., two or
more, and homology of individual flanges cannot demonstrated. Morphometric
analysis finds a link between the shape of the g¢rwvity and flange number and
distribution. Out of the nineteen species namedhim literature, only four can be
retained after our thorough morphological analysesnelylchthyosarcolites rotundus

(defined by a circular shell that lacks flangésjriangularis (defined by a single dorsal
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flange),l. monocarinatugdefined by a single ventral flange) dndicarinatus(defined

by two flanges or more). Flanges have very variabtgphological features amorg
bicarinatus In addition, we here ere€iryxia sulcatanov. gen. et sp., a new form based
on specimens previously identified ladicarinatus I. poljaki and|. tricarinatus This
new taxon is defined by the presence of a ligangobve, this in contrast to
Ichthyosarcolitesvhich never shows any trace of ligamédityxia nov. gen. may be the
sister group of a clade of canaliculated forms tbat contact between the ligament
support and the shell exterior and includes awctlpwinids, trechmannellids or

ichthyosarcolitids.

Keywords

Rudist bivalves

Ichthyosarcolitidae

Morphological analysis

Species delimitation

Mid-Cretaceous

Ligament evolution
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1. Introduction

Ichthyosarcolitesanks amongst the oldest named genera of rudiaiMess,
having been erected by Desmarest (1812) on the basiternal moulds found in
Cenomanian strata of Charentes, western Franbeugt the first mention of these
fossils in the literature can be found in Gueti@dra86), who referred to them as
“Cucroides” and “corps marins fossiles” with thergtmlogy of “cercles pierreux”
(Fig. 1A). Desmarest (1812, 1817) considered tlfessls to be a link between
“hippurites and “orthoceratites (interpreted at the time as cephalopods), on @aacof
a structure that was interpreted as a sipho (By. later, d’Orbigny (1850) showed
that the structure that had been assumed to lpha By Desmarest was in fact a small
cavity filled by tabulations, without communicatibetween the chambers. D’Orbigny
(1850) erected the genG@sprinella (= Ichthyosarcoliteswithin the group of rudists
that were close t€aprinabecause of similar shell coiling and the preseriaanals in
the shell. With the discovery of novel forms of istd during the nineteenth century and
a better understanding of rudist anatomy, the ititfs of Ichthyosarcolitedoecame
more difficult to assess. The hingelofithyosarcoliteshares similarities with that of
radiolitids (Skelton and Smith, 2000) and shellataroccur also in caprinuloideids and
antillocaprinids (Skelton, 2013a, fig. 2). Douvi(lE887) erected the family
Ichthyosarcolitidae, which remained monogeneridl tim¢ description oCurtocaprina
clabaughikinsorun{Mitchell, 2013a)lchthyosarcoliteshad been continuously enriched

with new species names, now numbering nineteeriatest addition being
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Ichthyosarcolites alatusom central America, as described by Filkorn 200

The fossil record dichthyosarcolitess rich, with shells found in abundance
across carbonate platforms of Cenomanian age. tateed preservation of specimens
usually is poor, being found either as internal ldewr encased in indurated
limestones. Specimens have traditionally been studn the basis of thin sections. The
genusichthyosarcolitexan be recognised on the basis of the notabldaawent of its
narrow right valve that can attain nearly a matriength, but overall shell shape
development demonstrates a wide range of variatluoh leads to problems of species

delimitation.

Here we reassess the morphology of the giatniByosarcolitesising
specimens from institutional collections and newdjlected shells from the presumed
type locality in Charentes. These specimens wemgaoed with descriptions in the
literature. We also discuss the relevance of theenotitaxonomic framework for species
of the genus, mainly based on the number of flaagesgeneral shell shape in cross
section. An analysis of flange positions is usedampare specimens and to test
homologies amongst shells. We also performed ainistant analysis to see if any
correlation or dependence existed between intematomy and external flange
locations. Based on morphological character contimns that minimise information
redundancy, a new taxonomic framework is propokatigrovides higher phylogenetic

significance.
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2. Material and methods

2.1. Material studied

Investigations are based on a literature survegesscto specimens in the AMU,
MNHN, SB and NMNH collections (abbreviations, seslow), complemented with
pictures of collection or field specimens for a @n of European countries and
Mexico. Fieldwork in Charentes focused on middlel apper Cenomanian levels in
which Ichthyosarcolitess common as internal mouldghthyosarcolitesare found on
the northern part of fle Madame (45°96’N 1°12’W)two distinct stratigraphical levels,
i.e., units C1 and C2 of the Cenomanian series ¢éslor 1993; Videt, 2003).
Ichthyosarcolites triangularis co-occurs with Sphaerulites foliaceusin grey
wackestones and packstones of middle Cenomanianhageepresent subtidal, quiet
environments. The aragonitic shell layer is disedhbut frequently encrusted with
oysters and other epibionts that preserved shdlinea. At Pointe de Chaucre on the
west coast of Tle d’Oléron (45°98'N 1°39'W), thecky shore exposes largely units B3
to C3 in which rudistsGaprina adversal. triangularis and S. foliaceusare found in
high density of individuals (Chéreau et al.,, 199The rudists occur in carbonate
deposits together with oystersRiynchostreon suborbiculatunand Rastellum
carinatun), nerineid gastropods, chaetetid sponges and s#ivbenthic foraminifera
depending on initial environmental conditions. AtifRe de Chaucre, a biostrome of
large C. adversaand I. triangularis develops in beds representing high-energy

environment and shallow-marine, sandy bottoms, edeequiet environments associate
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more oftenl. triangularis with S. foliaceus Amongst rudistsjchthyosarcolitess the
most widely distributed form, occurring in a rangfesedimentary environments, from
shallow-marine carbonate sands to circa-littoré8haire muds. The genus is interpreted
to have been environmentally tolerant, being th& fudist to settle on shallow-marine

mobile and soft sediments (Chéreau et al., 1997).

D’Orbigny (1850) provided good descriptions andlustrations of
Ichthyosarcolitesamong which two figured specimens bf triangularis are from
Charras (Charente-Maritime, France; MNHN.F.R080®3y. 1C). An additional
specimen ofl. triangularis from Charras is available in the Sorbonne Universi
collections. The d’Orbigny Collection includes ailsfial specimens from lle Madame
(MNHN.F.6517-B). One fragment of triangularis from an unpublished plate of
material in the Guéranger Collection (MV.2003.1.009Le Mans, France) shows its
three-dimensionally preserved shape, along with sketype of Ichthyosarcolites
bicarinatus (MGUP.021.2-110; Fig. 3C). The lectotype lohthyosarcolites doublieri
from Martigues (Bouches-du-Rhoéne, France) was alsmessed (MNHN.F.R07971;
Fig. 3F). One specimen d€hthyosarcolites rotundufrom Roquefort-la-Bédoule is
available at Aix-Marseille University (AMU.ICH1; §i 4A). M. Floquet provided
field photographs of othelchthyosarcolitesspecimens from Roquefort-la-Bédoule,
while six thin-sliced specimens &f bicarinatus (AMU-HBES 84a-b) and one thin-
sliced specimen of. tricarinatus (AMU-HBES 85a; Fig. 4C) from Jebel Selloum
(Tunisia) can be found in the Bessais Collectionx-{darseille University). The

collection of J. Philip houses two thin slices (AMRCC 41la) oflchthyosarcolites
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poljaki from Koulovate (Greece). Several additional specae analysed from
photographs taken at Aquismon Ciudad Valles, Cahmra Servilleta (Tamaulipas),
San Joaquin Queretaro and Paso del Rio (Mexicdpier Aguilar-Perez (Fig. 4D-E),
inclusive of the holotype dththyosarcolites alatu@-igs. 2A, 3E), from Istria (Croatia)
and Bosnia Herzegovina, including the typedabithyosarcolites monocarinatuend
Ichthyosarcolites polycarinatuby Alceo Tarlao (MB.3470, MB.3482, MB.4197 (3);
see Fig. 3B, D) and from HruSica (Slovenia) by Bagdurkovsek (BJ1901, BJ1914,
BJ1942). Two small pieces of probable myophoraltspaf a specimen labelled
“Ichthyosarcolites cornutisand several unidentifiable specimens from USAelied
Ichthyosarcolitessp. (YPM 24697, 24694 and 24696), were also corsidend
compared to Old World specimens, completed by mrajhs of a Canadian specimen

of Ichthyosarcolites coraloide(GMUS.Mp 1; see Fig. 4F; Caldwell and Evans, 1963)

Abbreviations AMNH, American Museum of Natural History, New or
AMU, Aix-Marseille University, Centre Européen dedherche et d’Enseignement des
Géosciences de I'Environnement; BJ, palaeontolbgamdlection of Drs Bogdan
Jurkovsek and Tea Kolar-Jurkovsek, Ministry of @Qrét of Republic of Slovenia and
the Natural History Museum of Slovenia, Ljublja&yUS, Geological Museum of the
University of Saskatchewan, Saskatoon, Canada; L.GRBoratory of Geology and
Paleontology of the Faculty of Science of Zagretmafia; MB, Zemaljski Muzej BiH,
Sarajevo, Bosnia and Herzegovina; MGUP, Museo @emoG.G. Gemmellaro della
R. Universita degli Studi di Palermo, Italy; MNHNMuséum National d’Histoire

Naturelle, Paris; MV, Musée Vert, Muséum d’Histoinaturelle du Mans, France;
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NMNH, National Museum of Natural History (Washingt®C, USA); SB, Sorbonne
Université, Paris, France; UNAM, Universidad NaebrAutbnoma de México,

Mexico; YPM, Yale Peabody Museum, New Haven, USA.

2.2. Morphological analysis

Only very few three-dimensionally preserved shelisichthyosarcolitesare
available. Fossils usually are internal molds &f general cavity or recrystallised shells
observed in cross sections. The distinctioncbthyosarcolitespecies in the literature
is based on external features: occurrence of eaftéianges along the shell (Figs. 2-3),
shape of the internal cavity (Figs. 3—4) and dgwalent of internal tabulae (Figs. 4,
5A-D). All of these features were reappraised amalysed using morphometry and
statistical tools to improve species definitionsifle 1) and taken into account as Least
Inclusive Taxonomic Units or LITU (e.g., minimalxanomic unit; Pleijel and Rouse,

2000).

Several species have been defined by the nunilflenges (see Polsak, 1967).
However, the relative position of flanges around #hell has received very limited
attention, whereas the location and growth pattefrfsanges or other shell ornament
often support homologies in molluscs (Merle, 200bl)e anatomical position of a
flange is not recognisable unless the shell caprbperly oriented. We quantify the
position of a flange by its angle, measured froen ¢bntral tooth of the right valve or
the central tooth socket, between the anterior@usderior teeth of the left valve (Fig.
6A). This method requires thin slices that are baréo the growth lines of the shell

(parallel to the commissural plane for uncoiledlisheThin slices that deviated too

9
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strongly were not used in the present study (speesnsuch as number 21 — SOM 1 —
are used because shell coiling affects only pathefdorsal outline). The method also
requires to place a landmark at the centre of greel cavity that we approximate as
the centre of the smaller circle including the gaheavity. This procedure allows

comparisons of shells of different sizes with flaagf different sizes, morphologies
and directions. The posterior and anterior sideshenleft valve can be identified with

the help of the posterior myophore which is alwslysrter than the anterior one. On the
right valve, a small cavity lies at the anteriodesiof the shell. The angle is always
measured from the dorsal to the posterior parefshell. All measurements were done
on pictures of thin-sliced specimens using Imaged8W (Rasband, 1997).

Measurements proved possible only on 20 shelliiyig a total of 58 measurements of
angles. The angles are plotted in Figure 6B usir{g Revelopment Core Team, 2008)
to summarise the data set. A hierarchical cluggensing Ward’'s method was made on
the basis of angular positions of flanges (Fig. B)rder to test for homologous flange

positions.

We carried out an analysis using geometric mar@toy on the shape of the
internal cavity. Only specimens with clear orieitlatand no trace of taphonomic
compaction were chosen. Twenty-three shells wensidered; those used for analysis
of flange orientation, plus three shells lackingnfijes. The general cavities are
described by ten landmarks equally distributed lmn dutline. Landmark co-ordinates
are digitised from photographs using the websitg/ldNimbus (SOM 1). The

procruste-fitted landmark data set were converteprocruste residuals by subtracting

10
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the mean shape using Past 3.15 (Hammer et al.).28Qdrincipal component analysis
(PCA) was implemented from the Procruste resid(ldésper, 2008). The ten principal
components from the PCA were used as uncorrelagdbles for a linear discriminant
analysis (LDA; Fig. 7). An LDA is especially suitedr maximising inter-group

separation and minimising intra-group separationgieedefined groups (McLachlan,
2004). The LDA is used here to check if the clstanstructed with the data of flange

positions are congruent with the analysis of irdéematomy.

3. Morphology

3.1. Pallial canals

The canals are often missing due to the genepalty preservation of fossils
(Fig. 4). Whenever preserved, the patterns ofgdatinal distribution are similar on the
two valves. There is always a single outer rowrnoél palisading canals, the rest of the
aragonitic shell being filled by capillary canalsvariable diameter (1 mm on average),
rounded to polygonal in cross section. Some Mexg@atimens exhibit irregular rows
of enlarged round canals inside the flanges (FE). £anals generally increase in
diameter and number with shell size. The specintem fJordan illustrated abk
bicarinatusby Chikhi-Aouimeur (2010, fig. 4B) exhibits exceptally large, round to
polygonal canals. This larger canal size leadsntaaentuated polygonal shape of the
canals and a relative reduction of shell materetivieen the canals. Canal size and
distribution patterns are linked to ontogeny amahdle development. However, the high
inter-individual variability does not support thecognition of any distinct pattern that
could be used to support any of the nominal species

11
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3.2. Tabulae

Tabulae are thin skeletal walls produced durihgllsgrowth that represent
successive floors of the internal shell cavitiebe Tspecies ofchthyosarcolitesare
described with tabulae grossly parallel to the cassoral plane, except for obliquus
that is defined by obliquely oriented tabulationdafor 1. doublieri which lacks
tabulations. The tabulae are very thin, fragilegaratic structures that may disappear
easily through taphonomic and diagenetic proces$és. tabulations usually are
recrystallised or appear as dissolution voids farimal moulds. Under best-preservation
conditions, tabulae are to be found in the geneawsity, the sockets and the posterior
myophoral cavity (Figs. 4D, 5A). In practice, tracef tabulae are often erased (Figs.
3F, 5E-F). In Figure 6B, the tabulae of the lowellsare well visible on the left side,
but disappear nearly completely on the right silee partial preservation of tabulae
suggests incomplete dissolution prior to lithifioat The lack of tabulae in the holotype
of I. doublieri (Fig. 3F) is probably due to complete dissolutairthe tabulae during

early diagenesis.

In fossils, tabulae may appear parallel with a@rorggly oblique to the
commissural plane (Fig. 5). Oblique tabulae hawe ghape of a three-quarter cornet
with a downward-pointing dorsal attachment, andopan rounded ventral attachment
to the front wall of the general cavity. The obkmess of the tabulae can be seen only
in dorsoventral view (Fig. 5C, F). The obliguene$dabulae appears highly variable
amongst specimens within a local assemblage andrefi@gt the tilting of individuals

during their life span. Ih. triangularis from Charentes, the expression of tabulae varies

12
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gradually among individual shells from parallel vihe commissure to strongly oblique
(Fig. 5A, D). The high variation in tabulae expessn I. triangularis includes the
typical morphology ofl. obliquus which challenges the reliability of obliquusas a

distinct species.

3.3. Shéll coiling

There is a wide range of variation amongst cgilipatterns in shells of
IchthyosarcolitesSome species have been described as completetylad) others as
simply curved or coiled. The coiling is always inspiral plane, with loose to tight
whorls (Figs. 1C, 5E). The torsion of the flanged=igure 3C suggests twisting in the
coiling plane, probably in response to substratgularities. Shells are never straight
along their entire development. In Figure 5F, theailed shell begins from a coil at its
right apex. The uncoiling seems to appear durirg dhimal’s life in relation with
environmental constraints. A wide range of coilipgitern can be encountered at any

given location.

3.4. Ligament

The ligament is totally missing in typickdhthyosarcolitegFig. 2) along with
associated structures (ligament groove, ligamenityga Amongst specimens from
Slovenia, described ak poljaki, I. bicarinatus and I. tricarinatus by Plenéar &
Jurkovsek (1999), few shells exhibit a small dogsatrusion that was considered a
flange by those authors. This dorsal protrusiobdslered by a ligament groove. This

protrusion should be understood as a bulge of shr@hded posteriorly to the ligament

13
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groove, not homologous to a flange. The groovéiefdhells sinks to the anterior tooth
socket and ends with a tiny shell bulb. Similarsdbrligamentary bulges are also
recognised in some forms from Istria (Croatia)sthated by PolSak (1967), even if the
inside of the shell does not permit to see a ligangeoove due to poor preservation.
Ligament structures are of critical importancehia phylogeny of rudists (Yonge, 1967;
Skelton and Smith, 2000). Four evolutionary stages recognised: (1) the ligament
follows the commissure dorsally (e.dQiceras; (2) the verticalised ligament is
perpendicular to the commissure plane (e/glletia, monopleurids); (3) the ligament
structures are internalised and only a ligamenitgag@mains that loses contact with the
exterior (e.g., trechmannellids); (4) the ligameahsappears completely, including
ligament cavity and groove (e.g., TitanosarcolginBarasarcolitinaelchthyosarcolites

represents the fourth stage. However, the ligameve found in the Slovenian shells

would place them in the second stage, out of tineiglehthyosarcolites

3.5. Flanges

Flanges, ribs, carinae and ridges are local thickgsnof the shell (Fig. 2A-B),
appearing in differential growth patterns. Evetthé expression of shell thickenings in
Ichthyosarcolitesvaries from low rounded bulges or ribs to high dnich, blade-like
ridges (Figs. 3-4), all have a similar structurel dikely appear following the same
developmental processes. If the number and positbflanges are consistent amongst
individuals, we can assume homology and use thentefime species. Few attempts
were made to homologise flanges, by giving eadhgitaa number or a letter based on

its relative position on the shell (PolSak, 1963@rtone et al., 1971). However, only the

14



287 number of flanges have been listed in diagnosepecies ofchthyosarcolitesbut not
288 their positionsichthyosarcolites rotundus defined by the absence of flanges. A single
289 flange occurs both in. monocarinatusand I. triangularis, two are seen in.
290 bicarinatus three inl. tricarinatus three to six inl. alatus (Filkorn, 2002; Aguilar-
291 Peérez, 2008) and seven linpolycarinatus Flange morphology can vary in multiple
292 ways: location, orientation and relative developmeinich can be quantified using the
293 length to width ratio of the flange in cross seati@he recognition of flanges may
294  become difficult when these are weakly developédéofn (2002) illustrated adults of
295 |. alatuswith either four, five or six flanges, but smallgniles with only three flanges
296 were also assigned to alatus (see Fig. 3E), suggesting variation of flange nemb

297 during ontogeny.

298 A consistent test of homology for the flanges iddoe to detect consistency in
299 their positions. Flanges of same positions are rikeg/ to be homologous. Among the
300 species described with a single flangenonocarinatusan be defined by the presence
301 of a ventral one ant triangularis by a dorsal one. This variation in flange positisn
302 corroborated by the main two clusters (Fig. 6Cjhe hierarchical classification. The
303 position of the flange could perfectly support ttefinition of these two species

304 considering that the uniqueness of the flange isxamologous.

305 On shells with more than one flange, groups efliterarchical clustering may
306 provide evidence of patterns of flange distributiommologies. In the case of two
307 flanges, homology is assumed if the two flangesssbently, or never, fall within the

308 same cluster. The cluster analyses fail to recegmgnsistent patterns of flange
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distribution among two-flanged or three-flangedlishédt is not possible to distinguish
consistently homologous flanges among shells. Tlastipity of flange distribution
pattern and number of flanges is not reliable framevolutionary point of view. The

definition of a species on the basis of the nundbéianges must be avoided in future.

Ichthyosarcolitesis a recumbent form (Skelton, 1976) that lay ondyato
muddy substrates. This ecotype constrains the deweint of flanges around the shell.
Our primary hypothesis was that no flange is likeljyhrave developed on the side of the
shell that lay on the sea floor, and that we capeek the flattest side of any
Ichthyosarcoliteshell to be in contact with the substrate. Theanahical classification
of flanges separates ventral flanges from dorsakamell, with a rare occurrence of
flanges on the anterior side (Fig. 6B). Most spe@élchthyosarcolitedikely lay on
their anterior side, with usually a stabilisingrftee in ventral or dorsal position. This is
consistent with the anterior attachment of the fuieespiprogyrate right valve (Skelton,

1974).

3.6. General cavity

Some species dththyosarcolitesvere defined solely on the basis of shell cross
sections. The character descriptions focused oerrmadt features including bulges,
flanges, relative shell thickness and outline of tieneral cavity. For examplé,
triangularis is characterised by a triangular shape in crostsose As observed in many
molluscs, external shell features reflect the shafpénternal structures such as the

general cavity. Because flange number and genenatycshape are the two main
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features used to erect speciesobthyosarcoliteswe tested whether the groups defined

by flange distribution could also be recognisedeneral cavity outline.

Following the results of the hierarchical classifion on flanges, a discriminant
analysis was performed on cavity outline descriptassuming two kinds of single-
flanged Ichthyosarcolites(l. triangularis andl. monocarinatuy the flange-lacking.
rotundusand a last cluster with all shells with two or mdlanges. The results show a
clear partition ofl. triangularis, I. monocarinatusl. rotundusand the multi-flanged
Ichthyosarcolitesn the morphospace (Fig. 7). The congruence betwesenumber and
position of flanges and the internal cavity outliseggests geometric constraints on

shell development. Addition of flanges leads to@eror less polygonal cavity.

The Mexican populations ofchthyosarcolites demonstrate an important
variability in the number of flanges amongst ad(#ts7) and also ontogenetic variation,
with juveniles ofl. alatusbearing a smaller number of flanges (3—4) thartadd-5)
(Filkorn, 2002; Aguilar-Pérez, 2008). A similar glaity in the expression of flanges
number is understood as intraspecific variabilityantillocaprinids (e.gRarasarcolites
atkinsonj Mitchell and Gunter, 2006), a group close to hglaisarcolitidae (Skelton and
Smith, 2000). The shells with two or more flangeur cluster analysis always have
both a ventral and a dorsal flange. For specimearssgssing more than one flange,
flanges are located more randomly. For these reasee retain a single species of

Ichthyosarcolitedearing two flanges or more.
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4. Systematic palaeontology

Our analyses lead us to retain four species theatcharacterised by a unique
combination of homologous parts (Wheeler and Ri&n2000): one with a single
ventral flange, one with a single dorsal flangeg waiith at least two flanges one without
any flange. The systematic arrangement of the Biaalsed here follows Carter et al.

(2011) and Skelton (2013a-b).

Class Bivalvia Linnaeus, 1758

Infraclass Heteroconchia Gray, 1854

Order Hippuritida Newell, 1965

Suborder Hippuritidina Newell, 1965

Superfamily Caprinoidea d’Orbigny, 1850

Family Ichthyosarcolitidae Douvillé, 1887
GenudchthyosarcoliteDesmarest, 1812

Type specieschthyosarcolites triangulari®esmarest, 1812, by monotypy.

Diagnosis.Rudist with small left valve and extremely stronglgveloped right valve.
Both valves loosely coiled with non-contiguous whahat may uncoil during shell

growth. Presence of none to seven longitudinalgisnalong the shell. The relative size
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and shape of the flanges vary from rounded costaeaminent ridges. Aragonitic shell
layer filled with capillary canals (Fig. 2). Tabeldll all cavities of the two valves and
the pallial canals. No ligament groove, nor cavithe two anterior and posterior
sockets of the right valve are of equal size, snaaltl rounded. Small posterior
accessory cavity (PAC; Fig. 2C-D). The two myopBosre similar to those of
radiolitids, forming blades attached to the vensidk of the teeth on the left valve. The
myophores of the left valve insert directly in thall of the general cavity of the right

valve.

RemarksThe monogeneric family Ichthyosarcolitidae was tadaby Douvillé (1887)
to reflect the high differentiation ofichthyosarcolites from all other rudists.
Ichthyosarcolitegpossesses such specific features that confusittmother genera can
be ruled outStellacaprina guntershows a similar morphology but the species has two
additional toothlets, i.e., the diagnostic feature the Antillocaprinidae (Mitchell,
2013b). Curtocaprina clabaughikinsorumis the only other member of the
Ichthyosarcolitidae, following Mitchell (2013a). &@h species utterly differs from
Ichthyosarcolitesn the structure of its dentition, size and shélhse (right and left
valves of same size, approximately 20 mm, a singdmtral flange). If all
Ichthyosarcolites identified to species are dated as Cenomanian,pexifeally
indeterminatdchthyosarcolitesvas recorded from the Albian of Sinai, Egypt (Zakhe
2010). The map (Fig. 8) shows the geographicaltimeaf all specimens, making use
of the following references and collection specimavexico (Filkorn, 2002; Aguilar-

Pérez, 2008), USA (YPM 24697, 24694, 24696), CuBajgs, 2004), Portugal
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(Berthou, 1973), Spain (Troya Garcia, 2015), Frarifbesmarest, 1812), Italia
(MGUP.021.2-110; Gemmellaro, 1865), Slovenia (Riani 1965; Plerar and
Jurkovsek, 1999), Croatia (PolSak, 1967), Bosnid lderzegovina (SliSkogj 1969,
Czech Republic (Rta, 1887), Greece (AMU-PCC 41a), Bulgaria (Paquif05),
Turkey (Ozer, 1998), Algeria (Van de Fliert, 195P)nisia (Toucas, 1908; Razgallah et
al., 1994), Libya (Parona, 1921), Tanzania (Henh&{,6), Egypt (Bauer et al., 2001;
Zakhera, 2010), Jordan (Chiki-Aouimeur, 2010), Afgistan (Berizzi Quarto di Palo,

1970) and China (Lan and Wei, 1995).

Ichthyosarcolitess a recumbent form that has been recorded fromreefal
and fore-reef environments with a high water-enefiggrbar et al., 2001; Filkorn,

2002) to calm mudflats, where it played a pioneé (Videt, 2003).

I chthyosarcolites triangularis Desmarest, 1812

Figs. 1C, 2E.

Selected synonymy

1786 Cucroides; Guettard, p. 552, pl. 28, fig. 2.
1812Ichthyosarcolites triangulari®esmarest, p. 321.
1817Ichthyosarcolites triangularisDesmarest, p. 50, pl. 2, figs 9-10.
1821 Glossopetres; Defrance, p. 72.

1821 Ichthyosarcolite; Defrance, p. 549.

1825Ichthyosarcolites triangularisDesmarest; Deshayes, p. 501.

1825Rhabdites triangulari®e Haan, pp. 41-42, 52-53, 57, 160.
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1826IchthyosarcolitesDesmarest; d’Orbigny, p. 167.

1827 Ichthyosarcolite; Ducrotay de Blainville, pL, fig. 2.
1846IchthyosarcolithusA.G. Desmarest 1817; Herrmannsen, p. 554.
1849Caprinella triangularis d’Orb., 1847; d’Orbigny, pl. 542.
1850Caprinella triangularis d’Orb., 1847; d’Orbigny, p. 192.
1854Ichthiosarcolites quadrangularisuomey, p. 172.

1855Caprinella triangularisDesm.; Woodward, pp. 52-53, figs 25-27.
1887Ichthyosarcolites marginatuBata, p. 207.

1887Ichthyosarcolithus triangulari®esmarest; Douvillé, p. 791, figs 15-17.
1887Ichthyosarcolites triangulari®esmarest; Fischer, p. 1057, fig. 804.
1888lIchthyosarcolithesDouvillé, pp. 706, 728—-729.

1889Ichthyosarcolites marginatuBa:.; Paita, p. 87, pl. 6, figs 6-7.
?1905Ichthyosarcolites triangulari®esmarest 1817; Paquier, p. 94, pl. 9, figs
7-9.

?1916lchthyosarcolites triangularisHennig, p. 461.

1921Ichthyosarcolites triangulari®esm.; Parona, p. 10, pl. 1, figs 1a—b, 9.
1930Caprinella triangularis Repelin, p. 61, pl. 7, fig. 5.
1937Ichthyosarcolites triangulari®esmarest; MacGillavry, p. 47.
1968Ichthyosarcolites triangularisDamestoy, pp. 2-6, figs 1-3.
1969Ichthyosarcolites triangularisDechaseaux, p. N795, fig. 4a—b.

1970 Ichthyosarcolites triangulari©esmarest; Berizzi Quarto di Palo, p. 107,

pl. 15, fig. 1.
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434 2000Ichthyosarcolites triangulari®esmarest; Skelton and Smith, pp. 110-111,

435 117, 123, fig. 4c—d.

436 2010 Ichthyosarcolites triangularisDesmarest; Chikhi-Aouimeur, p, 96, fig.
437 87.1.

438 2015Ichthyosarcolites triangulari®esmarest; Troya Garcia, pp. 248-254, 267,
439 271, figs 139-141.

440 Type material The type specimen illustrated by Desmarest (18H8) been lost (see
441 Fig. 1B). Here we designate specimen MNHN.F.R080QBig. 1C) as neotype of
442 Ichthyosarcolites triangularisDesmarest, 1812, from the Cenomanian at Charras

443 (Charentes, France).

444  Diagnosis.Species ofichthyosarcoliteswith small left valve and extremely strongly
445 developed right valve. Both valves loosely coileithwmon-contiguous whorls. Presence

446 of a unique dorsal flange somewhat triangular assrsection.

447 Description.Shell markedly inequivalve; left valve very smalpproximately one tenth
448 of length of right valve) and slightly coiled. Righalve narrowly tubular, extremely
449 strongly developed and ventrally coiled (dorsaleexal side) with non-contiguous
450 whorls (Fig. 1C). Planispiral growth of the shdfigs. 1C, 5E). Left valve loosely
451 ventrally coiled and very small compared to thétigalve. Shape of right valve highly
452 variable, ranging from 0.5 to 2 coils, the spacéwvben two coils ranging from a
453 distance of 30 to 500 mm for completely coiled speas (Figs. 1C, 5E). Both valves
454  of equal diameter. General cavity of both valveeaifial diameter, between 10 and 80
455 mm for adults (e.g., Figs. 1C, 4E, respectivell@nde not included. A unique flange is
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present, always in dorsal position (Fig. 1C), édrtgular shape, of equal width and
height. Flange straight with a rounded external gimar External aspect of shell
completely smooth or with presence of small tightenostae of approximately 0,1 mm
in height and 1 mm in width. Shell composed of atepcalcitic layer of approximately
0,5 mm and an inner aragonitic shell layer withiakness of approximately 15 per cent
of the diameter of the body cavity in transversetisa, flange not included. The
aragonitic shell layer is densely canaliculatedhwstose-set, small capillary canals
(approximately 1 mm in diameter), round to slighttyoid (occasionally honey
combed) except for the myophores and the anteridr osterior teeth. The external
side of the aragonitic shell layer is bordered with single row of
subrectangular/pallisading canals of same widtbagdlary canals. Tabulae present on
both valves with highly variable thickness and acef orientation in the general cavity,
pallial canals, sockets and the PAC. Tabulae dldtighly curved dorsally. When highly
oblique, presence of a horizontal part in the nadafl the tabulae in dorsoventral axis
(Fig. 1C). Tabulae within the pallial canals; tadmibf a canal are regularly spaced and
independent of other canals. Single other ovoid RA€sent posteroventrally on the
right valve, slightly larger than sockets and filleith tabulae (Fig. 5A). No ligament

groove, nor cavity.

Left valve myocardinal apparatuBiverse dentition, composed on the left valve of an
anterior and a posterior conical tooth of similagge and size, separated by a central
tooth socket that is never observable as a distaeity. Thin vertical, wall-like

myophore ventrally adjoined to each tooth. The tmgpphores constitute a U-shaped
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478 myophoral arcade, attached to the teeth, protrudirectly into the general cavity of
479 the right valve. Development of vertical myophogeserates a space between them and
480 the inner shell, looking like a cavity that may filed with a few thin, oblique tabulae
481 arranged along an anteroposterior axis. Whole mgatal apparatus is U-shaped and

482 extends itself to make a connection with the vérttge of the shell.

483 Right valve myocardinal apparatu€entral tooth shape unknown, probably reduced,
484 filled with pallial canals. Presence of two ovoidterior and posterior tooth sockets
485 only separated from the general cavity by a thifl wavoid of canals and elongated
486 along an anteroposterior axis. Sockets always olege to each other (approximately 2
487 mm separation space). Myophores undifferentiatedh fthe inner shell, no known

488 muscle scars.

489 Remarks.The type species of the genus, primarily basednternal moulds of the
490 general cavity and sockets segmented by tabulas, fins described by Desmarest
491 (1812) as « Coquille droite et épaisse, presqumdtilaire, munie intérieurement de
492 cloisons obliques en forme de mi-cones ou corm¢tdiun sinus ou siphon longitudinal
493 et latéral »Ichthyosarcolites triangularisvas illustrated for the first time by Desmarest
494 (1817) (see Fig. 1B). The main distinctive featwas the triangular shell shape. The
495 type locality of Desmarest’s species remained unknto himself, but it is certain that
496 it originated from Charentes in western France. ddwsal thickening of the aragonitic

497 shell layer was correctly represented in d’Orbignitustration (see Fig. 1C).

498 With a single dorsal flange, marginatus(Pcita, 1887), described as having
499 external longitudinal ribs, completely falls withithe range of variation of.
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triangularis. Specimens described by Hennig (1916) belong [gbato
Ichthyosarcolitesand constitute southernmost known specimens ofggrus, from
continental Tanzania. However, their attributionltdriangularis is doubtful as the

fossils lack diagnostic features.

Occurrences.Exclusively Cenomanian and typical of tropical $hal waters on
carbonate platforms along northern and southerhyaet margins. More preciseli,
triangularis has so far been recorded from France (Charentestemn France and
Provence, southeastern France), northern Spairati@rdsreece, the Czech Republic,

Italy, Tunisia, northwest Turkey, Poland and Lil§izay. 8; Table 1).

| chthyosarcolites rotundus PolSak, 1967

Figs. 3A, 4A

Selected synonyms
*1967 Ichthyosarcolites rotunduBolSak, pp. 80-81, 187, pl. 6, fig. 2; pl. 9, figs.
2-3.
1971Ichthyosarcolites rotunduBolSak; Carbone et al., p. 147, fig. 16.
1998lIchthyosarcolites monocarinati&iskovic; Cestari et al., p. 70, figs 1-2.
1998Ichthyosarcolites rotunduBolsak; Ozer, p. 240, figs 6-7.
1999Ichthyosarcolites rotunduBol3ak; Ozer, p. 69, pl. 1, fig. 4.

2001Ichthyosarcolites rotunduBolSak; Ozer et al., p. 860, figs 10-11.
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2015 Ichthyosarcolites monocarinatuSesmarest; Troya Garcia, p. 260, figs

145-147.

Type material.The holotype ofi. rotundus(Fig. 3A) is housed at the Laboratory of
Geology and Paleontology of the Faculty of SciesmicBagreb (collection number 778);

it is from the Cenomanian of Fontanela Bay (Ist@eatia).

Diagnosis.Species ofchthyosarcoliteswith very loosely coiled right valve. Complete
absence of flange or thickening of the shell. Ceegion of shell and of general cavity
ovoid with a longer dorsoventral diameter. Preseoic@ distinct PAC on the right
valve, slightly larger than sockets. PAC occasilgnahnnot be observed (Fig. 3A).
Aragonitic shell layer filled with capillary canalnd an external row of palisading

canals.

Description. Left valve unknown. Right valve narrowly tubulardanearly straight;
length unknown. Section circular (35 to 150 mm iianteter) to elliptical along
dorsoventral axis (length/width: 60/45 mm). Shélickness constant on all shell for
approximately one third to one quarter of diamefeagonitic shell layer of the right
valve densely canaliculated with close-set, verglsmound to slightly ovoid capillary
canals, sometimes honey combed (diameter 0.5 tan3. Mhe external side of the
aragonitic shell layer is bordered with a singlev raf radial pallisading canals of same
width as capillary canals, but subrectangular mssrsection. Outer calcitic shell layer
unknown. Ovoid cavity (length/width: 7/10 mm) preseosteroventrally, of equal size
as sockets (PAC; Fig. 4A) on the right valve. Vémn tabulae occurring in general
cavity, canals, sockets and PAC. The blade betwasrcavity and general cavity is so

26



542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

thin that it contains no canal, as the blades seipgr sockets from the general cavity.

No ligament groove, nor cavity.

Right valve myocardinal apparatuRudist with inverse dentition. Central tooth shape
unknown, filled with canals of variable size, ramgibetween less than 1 to 10 mm in
diameter. Anterior and posterior tooth socketsatiyeconnected to the general cavity.
Anterior tooth socket size (length/width) betweés Bim and 15/5 mm, posterior tooth
socket between 12/5 mm and 15/5 mm. Sockets alwayg close to each other
(distance of 1 to 7 mm). Posterior socket occadliprsabpentagonal with two small
faces on anterior side (Fig. 4A) making it stranaedthe anteroposterior axis. The
socket outline presents five angles: a right amylets posterodorsal side, two acute
angles on the posteroventral and anterior sidesvanapen angles on the anterodorsal
and anteroventral sides. Anterior of the posteriooth socket of similar size.

Myophores undifferentiated.

Remarks.The specied. rotunduswas so named in view of the circular right valve in
transverse section, without any flange. Cestasale{1998) suggested thhtrotundus
was synonymous with monocarinatusassuming that the flange and shell outline were
eroded in specimens assigned to the former. Oumigetion of samples from La
Bédoule, southeastern France (Fig. 4A), refutes; tthiere is a continuous row of
pallisading canals in cross section alongside thell outline, while it should be

discontinuous if a (now abraded) flange had beesgnt.
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Occurrences.Exclusively Cenomanian, occurring in shallow tr@bievaters of the
western Tethys, with records from western (Chagni@nd southeastern France

(Provence) and ltaly (Sicily) (Fig. 8; Table 1).

| chthyosar colites monocarinatus Sliskovic, 1966

Fig. 3B

Selected synonyms

*1966 IchthyosarcolitesnonocarinatusSliSkovi, p. 177, fig. 1.

1967 Ichthyosarcolites monocarinatu&liskovic; Polsak, pp. 80, 186, pl. 6, fig.
1; pl. 8, figs 1-5, pl. 9, fig. 1.

1968Ichthyosarcolites iokungensiBobkova, pp. 289-290, pl. 68.

1976 Ichthyosarcolites monocarinatusliSkovi¢; Praturlon and Sirna, pp. 90—
100, pl. 1, fig. 18.

1983 Ichthyosarcolites monocarinatuwajor Sliskovi; SlisSkovie, pp. 19-21,
fig. 1.

1992 Ichthyosarcolites monocarinatusliskovic; TurnSek et al., p. 220, pl. 14,
fig. 2.

1998Ichthyosarcolites monocarinati&iskovi; Cestari et al., pp. 70-72, figs 1,
2/1-6.

?1999Ichthyosarcolites monocarinati®&iskovic; Plentar and Jurkovsek, p. 77,

pl. 11, fig. 3a—b.
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2005Ichthyosarcolitexf. monocarinatussliSskovi; Plentar, p. 34, pl. 5, fig. 1.
2015 Ichthyosarcolites monocarinatudesmarest; Troya Garcia, pp. 260-264,

269, figs 145-147.

Type material. The holotype, MB370, is housed at the Geologicdéraological
Collection of the National Museum at Sarajevo; ¢hiera single paratype, MB 4197(3);

both from the Cenomanian of the Dinaric Alps.

Diagnosis. Species oflchthyosarcoliteswith loosely coiled shell. A unique ventral
flange of variable size, from short, triangularcnoss section (10/10 mm) to thin and of

similar size to the general cavity. General caoigid in dorsoventral axis.

Description.Left valve unknown. Right valve planispiral, knownly from a 400-mm-
long, butt-shaped fragment, rotating 90 degrees 206 mm, followed by 200 mm of
substraight shell. Elliptical section in dorsovehiaxis: 30/40(+ 3) mm, 110/130(+ 20)
mm, 40/44(+ 10) mm, these three values represeitaigidual specimen length/width
and flange length. Shell thickness approximatelystant on all shell for one half to one
fifth of diameter. Presence of a unique flangeamteroventral position. Flange shaped
as a little bulge rounded and protruding only 5 tora more developed one forming an
isosceles triangle of 20 mm in length with a laygelunded end (Fig. 3B). Because of
this flange, the cylindrical shell presents a ¥lahtral side. The aragonitic shell layer of
the right valve is densely canaliculated with clgsg very small capillary canals, round
to slightly ovoid (diameter approximately of 1 mr@uter calcitic shell layer unknown.
A single other ovoid cavity 4/10 mm is present postentrally in the right valve, of
equal size to slightly more important than socketd PAC. Very thin tabulae present
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on the general cavity, canals, sockets and the B4ddle between PAC and the general
cavity so thin that it contains no canal, with ladeparating sockets from the general

cavity. No ligament groove, nor cavity.

Right valve myocardinal apparatufudist with inverse dentition. Central tooth of
unknown shape, filled with canals. Diameter betw2én 6 mm. Presence of two ovoid
(approximately 4/8 mm) to polygonal very close aoteand posterior tooth sockets
directly connected to the general cavity. One rsegally slightly more elongate than the

other in the anteroposterior axis. Myophores uedgitiated from the inner shell.

Remarks. Ichthyosarcolites monocarinatuas first described with a single flange and
an ovoid general cavity. A subspecids, monocarinatusmajor, was erected to
accommodate forms with a “highly developed longitatl edge” (SliSkowi, 1983, p.
22). Ichthyosarcolites iokungensisas assumed to differ from triangularis by an
ovoid section of the general cavity, an absenamosfae and a poorly developed ventral
flange (Bobkova, 1968). Both the descriptiond.ahonocarinatusandl. iokungensis
match the definition of the former, assuming valtigbin the expression of flange

development, which is why they are here synonymised

OccurrencesExclusively Cenomanian, occurring in tropical, $thatwater carbonate
platftorms of the European Tethyan margins, withords from Slovenia, lItaly

(Abruzzo, Lazio, Sicily), Croatia, Bosnia Herzegmviand Turkey (Denizli).
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I chthyosar colites bicarinatus Gemmellaro, 1865

Figs. 3C-D, 4B-E, 6A

Selected synonyms

*1865 Caprinella bicarinataGemmellaro, pp. 236-237, pl. 4, figs 5-6.
1898Caprinella bicarinata Douvillé, p. 150.

1914Ichthyosarcolites bicarinatu&emmellaro; Parona, p. 21.
1921Ichthyosarcolites bicarinatug€semm); Parona, p. 12, pl. 2, figs 1, 7, 10.
1921Ichthyosarcolites tricarinatuBarona, p. 13, pl. 2, figs. 2, 8, 11.
1937Ichthyosarcolites bicarinatu€semmellaro); MacGillavry, pp. 49, 51, 54—
56.

1937Ichthyosarcolites tricarinatuBarona; MacGillavry, pp. 49, 54-56.
1964Ichthyosarcolites poljakPolSak, p. 66.

1965Ichthyosarcolites rogPlencar, pp. 97-98, 100-101, figs 8-10.
1966IchthyosarcolitepolycarinatusSliskovi, p. 178, fig. 2.
1967Ichthyosarcolites bicarinatuemmellaro; PolSak, p. 186, pl. 5, fig. 1B—C.
?1967Ichthyosarcolites bicarinatu§&emmellaro; PolSak, p. 186, fig. 21, pl. 5,
fig. 2A.

1967 Ichthyosarcolites tricarinatu®arona; PolSak, pp. 76, 185, fig. 19, pl. 4,
figs 5, 7; pl. 5, fig. 2.

1967Ichthyosarcolites poljakPolSak; PolSak, pp. 77, 185, pl. 4, fig. 6; plfi&,

1.

1971Ichthyosarcolites bicarinatug€&semm.); Carbone et al., p. 146, fig. 14.
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1971Ichthyosarcolites poljakiGemm.); Carbone et al., p. 147, fig. 15.
1971Ichthyosarcolites tricarinatuParona; Carbone et al., p. 147, fig. 17.
1982Ichthyosarcolites bicarinatu€Gemmellaro); Sirna, p. 84, fig. 7, pl. 1, fig.
f.

1988lIchthyosarcolites bicarinatu6emmellaro; Accordi et al., p. 139, fig. 5, pl.
1, fig. 7.

1988lIchthyosarcolites bicarinatu6emmellaro; Accordi et al., p. 165, pl. 2, fig.
7.

1993Ichthyosarcolites bicarinatug€Gemmellaro); Cherchi et al., p. 93, fig. 2, pl.
4, fig. 5.

1998Ichthyosarcolites bicarinatu§emmellaro; Ozer, p. 240, fig. 6-5.
1998Ichthyosarcolites tricarinatu®oldak; Ozer, p. 240, fig. 6-6.
1998Ichthyosarcolites poljakPolsak; Ozer, p. 240, fig. 6-4.
?1999Ichthyosarcolites poljakPolsak, 1967; Pletar and Jurkovsek, p. 75, pl.
7, fig. 2b.

nonl999Ichthyosarcolites bicarinatu€&emmellaro); Pledar and Jurkovsek, p.
75, pl. 8, fig. 2a—b; pl. 11, fig. 2.

nornl999 Ichthyosarcolites tricarinatugGemmellaro); Pledar and Jurkovsek,
p. 76, pl. 5, figs 1b, 3; pl. 8, fig. 3; pl. 9, §d-6; pl. 10, figs 1la—b, 2; pl. 11, figs
la-b.

2001Ichthyosarcolites tricarinatu®arona; Ozer et al., p. 860, figs. 10, 11-4.

2002Mexicaprina alataFilkorn, pp. 681-686, figs 4—7.
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2008 Ichthyosarcolites alatugFilkorn 2002); Aguilar-Pérez, pp. 113-116, fig.
64/1-4.

2009Ichthyosarcolites bicarinatu€emmellaro); Sari and Ozer, p. 367, fig. 9a.
2010 Ichthyosarcolitesbicarinatus (Gemmellaro, 1865); Chikhi-Aouimeur, p.
96, fig. 87/2—4.

2010 Ichthyosarcolitegricarinatus (Gemmellaro, 1865); Chikhi-Aouimeur, p.
97, fig. 88/2-3.

2013blchthyosarcolitesmlatus(Filkorn); Mitchell, pp. 85-87, fig. 1/f—g.

2015 Ichthyosarcolites tricarinatus?arona; Troya Garcia, pp. 254-260, 269—

271, figs 142-143, 148, 150

Type materialln view of the fact that Gemmellaro failed to desite a type specimen,
we here designate specimen MGUP-021.2-110 (fronotiggnal paper) lectotype df
bicarinatus and MGUP-021.2-111 paralectotype. Both are housedhe Museo
Geologico G.G. Gemmellaro della R. Universita d&lidi di Palermo and are from

the Cenomanian of Piemonte (Italy).

DiagnosisSpecies oflchthyosarcoliteswith two to seven flanges, rarely more. The
flange number probably increases during ontogergndes highly plastic in their
position and shape, generally distributed all adbtime shell, varying in shape from
small bulges to very thin and narrow blades that eaceed shell diameter in size.
Orientation of flanges variable, generally perpentdr to shell margin. General cavity
ovoid, quadrangular or polygonal. Aragonitic shajler filled with capillary canals and

an external row of pallisading or pyriform canals.
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Description. Left and right valves of similar diameters (6/526/45 mm, flange not
included). Relative length between valves unkno@miling pattern unknown. Always
a minimum of two flanges and a maximum of up toese6hell cross section varying in
shape from grossly rounded to polygonal (trianguarquadrate) according to the
number of flanges. When two flanges occur they lhswppear at two contiguous
vertices of a square (Fig. 4B). Shape section apmearossly triangular in case of
three flanges (Fig. 4C), more quadrate with foandles (Fig. 4D—E). When flange
number increases, shell sides change from convdbatt@r even concave (Fig. 3E);
distribution of flanges globally equidistant whesuf or more flanges are present (Fig.
3E). Flange development highly variable among idials and among flanges of
single individuals. Flanges regularly extend toize darger than the diameter of the
shell. Flanges usually narrow, parallel sided aealching a large size, occasionally
short, triangular with rounded extremity. End oflange always rounded, keel like,
occasionally with enlarged margin. Number of flasgecreases during shell growth.
Flanges generally oriented perpendicularly to saetheir base, but can make an angle
of 70-120° with shell surface. Outer calcitic layaknown. Inner aragonitic shell layer
thickness varying between 6 and 25 per cent of eianof the body cavity. Aragonitic
shell layer densely canaliculated with tiny, routw honeycomb capillary canals
(diameter of approximately 1 mm), except in myo@sorposterior and anterior teeth.
External side of aragonitic shell layer borderedalsingle row of radial canals of same
diameter as capillary canals, but subrectangul@ytdorm in cross section. Single row
of enlarged rounded canals in the middle of largmges. Ovoid PAC on the

posteroventral side on the right valve, slightlygler than sockets and filled with
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tabulae. Tabulae present on both valves in thergkwravity, the pallial canals, the

sockets and the PAC.

Left valve myocardinal apparatu8nterior and posterior conical teeth of similar gba
and size (Fig. 3E). Wall-like myophore ventrallyja@ded to each tooth. Thin vertical
myophores attached to the teeth, making a U-shampmoral apparatus protruding in
the general cavity of the right valve. Developmehtertical myophores generating a
space between the stem of the protruding myophares the inner shell margin
occupied by thin curved tabulae. This myophoralatgd near the anterior myophore
stem can develop itself in a diverticulum dorsdllythe anterior tooth. Myophoral
cavity of the posterior tooth always smaller. Amiemyophore extending itself to make
a connection with the ventral edge of the shellst®@r myophore twice shorter,

connected to the posterior shell wall of the gelneawity by an open angle.

Right valve myocardinal apparatu€entral tooth shape unknown, probably very
reduced and filled with pallial canals. Presencenaf ovoid anterior and posterior tooth
sockets directly connected to the general cavigngated in an anteroposterior axis.

Myophores undifferentiated from the inner shell kmown muscle scars (Fig. 4E).

RemarksSeveral species names were introduced on the dagie number of flanges
superior to or equal to two and a particular shaipthe internal cavity, two elements

that we have shown to be correlated accordingusteting and discriminant analysis.

Ichthyosarcolites bicarinatus/as the first species with multiple flanges to be

formally described and thus has taxonomic priortBeveral fossils from HruSica

35



735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

(Slovenia) assigned in the literature ltobicarinatus (Plentar and Jurkovsek, 1999)
exhibit a ligament groove connected to a very tianity that ends near to the posterior
tooth socket. Specimens bearing a ligament groove excluded here from

Ichthyosarcolites

Ichthyosarcolites tricarinatu$arona, 1921 was based on the combination of
three flanges and a quadrangular general cavityneSepecimens described from
HruSica (Slovenia) by Pletar and JurkovSek (1999) must be excluded from

Ichthyosarcolitedecause of the presence of a ligament groove.

Ichthyosarcolites poljakiPolSak, 1964 from the Cenomanian of southernalstri
(Croatia) was not described, nor illustrated inSBkl(1964) and must be considered a
nomen nudumPlentar (1965) considered specimens in the PolSak Gafe¢o be

conspecific with material that he described asva sgeciesl. rogi.

Ichthyosarcolites rogPlentar, 1965 from the upper Cenomanian atéski
Rog (Slovenia) was described as a variety. dfiangularis, with three “narrow and
well-marked ribs”, but without the typical triangulcross section. That form differs
from |. bicarinatus solely by addition of a flange; this is here cdesed to be an

expression of intraspecific variation.

Ichthyosarcolites polycarinatuSlisSkovi, 1966 from the upper Cenomanian of
the Dinaric Alps was based on a single specimeh aéven flanges and a rounded
general cavity in cross section. Following our gsas, all the available specimend.of

polycarinatusmatch our new definition df bicarinatus
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Of Ichthyosarcolites alatugFilkorn, 2002) from the lower Cenomanian of
Guerrero (Mexico), originally placed irMexicaprina but later transferred to
Ichthyosarcolitesby Aguilar-Pérez (2008), individual shells are relwderised by the
presence of three, four or five, mostly highly deped flanges. This form cannot be
differentiated froml. polycarinatus both being characterised by “several” flanges. In

Mexico, I. alatusoccurs in strata of Albian and Cenomanian age.

OccurrencesAlbian to Cenomanian (Aguilar-Pérez, 2008) and sjatead in tropical
shallow-marine waters along the Tethyan margins @mdral Atlantic;l. bicarinatus
has been recorded from Mexico (Tamaulipas, Gueri®anm Luis Potosi, Querétaro y
Colima), France (Provence), northern Spain, CrpdBieeece, the Czech Republic,

Italia, Tunisia, Algeria, northwest Turkey, LibyadaChina (Xinjiang) (Fig. 8; Table 1).

I ncertae sedis species

The following names (according to the original deéfons) cannot be linked to
distinct species because descriptions are insefffido assign them to taxa assignable to
Ichthyosarcolites Moreover, a specimen identified ascoraloideaby Caldwell and
Evans (1963) is an antillocaprinid ahdensisis not a species ofchthyosarcolites
because it bears features of Caprinuloideidaeiarfdct, lacks characters required for a

definitive taxonomic assignment.

1825Ichthyosarcolites obliqu®eshayes, p. 501.

1937Ichthyosarcolites obliquuBeshayes 1825; MacGillavry, p. 52.
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Ichthyosarcolites obliguuBeshayes, 1825 from the Cenomanian of Charentasd€):
Deshayes was the first to understand that filamexdsreted to the moulds of
Ichthyosarcolitesvere an integral part of the shell and thus hatdedcunderstood as
pallial canals. He also found that another spetiest be separated froimtriangularis

on the basis of the morphology of its which waynigre oblique. He erected the species
I. obliqua but, unfortunately, failed to present an illustrat This species is a synonym
of I. triangularis that already shows oblique tabulae (Fig. 1C) whiighly variable

shapes in local assemblages such as the onesl&an®iéron (Fig. 5A-D).

1850Caprinella doublierj d’Orb., 1847; d’Orbigny, p. 191, pl. 541.
1967Ichthyosarcolithes doublie(d’Orb); Philip, p. 498.
1973Caprinula doublierid’Orbigny; Berthou, p. 97, pls 57-58.

2007 Caprinula doublierid’Orbigny; Macé-Bordy, p. 173.

Ichthyosarcolites doublierd’Orbigny, 1847 from the upper Cenomanian of Marés
(Bouches-du-Rhone, France) was first described apexies oflchthyosarcolites
without any tabulae. There are records from ChaereFig. 3F), Provence (Philip,
1967) and Portugal (Berthou, 1973), invariably eodog as internal moulds. The
number of flanges is unknown in doublieri. The tabulae are fragile and very thin
structures (Fig. 3D). On the internal mould in Fg6B, at the bottom of the mould the
presence of tabulae can be seen; these progrgsdigabpear in the same individual.
The thickness and development of tabulae variesngrapecimens (Figs 4D, 5A), some
specimens showing tabulae at variable preservdtstai®s, some disappearing partially

or completely, while they are entirely lost in atlshells. It is likely that. doublieri
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corresponds to a preservational state of anothegeser in which tabulae dissolved.
Due to the unilobate form of the internal mouldsgjoublieri cannot be assigned to the
genusCaprinula (bilobate because of the strong development of @Ti®lation to the

general cavity), contrary to what Berthou (1973) &acé-Bordy (2007) noted.

1854Ichthiosarcolites loricatisSTuomey, p. 172.
1854Ichthiosarcolites cornutiuomey, p. 172.

1854Ichthiosarcolites quadrangularisuomey, p. 172.

These three taxa, from Noxubie County (MississigbA), were never formally
describe; their age is unknown. Tuomey based therhe shape of the aperture (and,
by extension, on general shell shape), while datleptcharacters are similar 1o
triangularis. In I. quadrangularis the aperture is “[...] terminating obliquely andher
abruptely”; inl. loricatis, it is “[...] somewhat oval, irregular, obtusely raled at the
base, giving the cast an imbricated appearancaealllyj I. cornutiswas “distinguished
from the precedingl [ loricatis] by the more distant and regular septa, and irgtbater
regularity of the curvature of the shell” (Tuomé&g54). The coiling and tabulae can be
highly variable in a single population dththyosarcolites meaning that Tuomey’s
forms do not present sufficiently different featite support the definition of new taxa.
Key features are unknown, but they might be assign® the family Antillocaprinidae

(Stephenson, 1938).

1855Caprinella coraloideaHall and Meek, p. 380, pl. 2, fig. 3a—f.
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Ichthyosarcolites coraloide&rom the upper Campanian of Sage Creek (South faako
USA) was differentiated from triangularis by “being curved not exactly in the same
plane, in increasing much more rapidly in size fribi apex, and in having the fibrous
portion of the shell so thick upon the inner sidéhe volution as to bring the sides in
contact if continued a single turn” (Hall and Medl855). Shell coiling is variable
enough not to be considered as a valuable critddorspecies definition. Desmarest
originally described. triangularis on the basis of straight internal molds, but 3aryge
later, d’Orbigny (1850) illustrated a highly coileidht valve ad. triangularis (see Fig.
1C). The large shells from Charentes show thatingpipattern can change during
ontogeny (Fig. 5F). In southeastern France, otlpmcimens can be seen to be
completely coiled up to large sizes (Fig. 5E)l.lnoraloideg “The septa are also much
more irregular than in the European species, thdseh are distinct upon the back of
the shell often converging so that two unite iniregle one on the inner side of the
volution” (Hall and Meek, 1855). The diversity afrfins, expressed only in populations
of Charentes, shows the diversity of tabulae olelnpss, some of them occasionally
converging (Fig. 5C). The number of flanges is wwn in I. coraloideaand pending
description of new, complementary material, theceg®se name should be considered
incertae sedisThe unique specimen described.asoraloideaby Caldwell and Evans
(1963) is related to antillocaprinids and noticbthyosarcolitesThis specimen has its
sockets and myophoral cavities filled with pall@dnals, a characteristic feature of

Titanosarcolitinae and Parasarcolitinae.

1887Ichthyosarcolites ensBcata, p. 207.
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Ichthyosarcolites ensifom the upper Cenomanian of Radovesnice (ceBwmalemia,
the Czech Republic) possesses capillary canals aamdangular flange similar to
Ichthyosarcolites However,l. ensiswas erected for a shell described bytRowith
three internal cavities of similar size. The depehent of the three, large and equal-
sized internal cavities (two sockets and the geéneazity) is likely a feature of
Caprinuloideidae. Initial illustrations and destiops ofl. ensisremain insufficient for

a taxonomic reappraisal without access to the malgnaterial.

1905Ichthyosarcolithesp. nov. indét. Paquier, pp. 94-95, pl. 9, fig®.7

This form, from the Cenomanian of Lom (Montana, darla), was based on a
quadrangular section of the general cavity, whicktself would differentiate it fronh.
triangularis. However, the outline of the general cavity isuiffisient to erect a new
species. Moreover, the fossils are fragmentarymatlemoulds and shell morphology is

too incomplete to determine whether they belong new species or not.

1994ichthyosarcolites quadratuRleniar; Plenéar and Dozet, p. 188.

This form was never formally defined; it is to bensidered aomen nudunfollowing

ICZN article 13.

2004Ichthyosarcolite® sp.; Masse et al., p. 83, fig. 11.

This form from the lower Aptian of Boztepe (Amasiayrkey) was described with
millimetric aragonitic flanges filled with a uniquew of square shaped pallial canals; it

Is too incomplete to help determine whether oritbélongs tdchthyosarcolites
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Superfamily Caprinoidea d’Orbigny, 1850

GenusOryxia nov.

Type specie©ryxia sulcatagen. et sp. nov.

Derivation of nameFrom the mammal genu@ryx, in allusion to the similarity of its

long, lightly curved horns to the right valve oéthew taxon.

Diagnosis.Rudist bivalve with right valve narrow, gently adl anteriorly, with a large
posteroventral flange and a very slight anterowritange with triangular shape in
cross section. A ligament groove in dorsal posiBads dorsally with a tiny shelly bulb
parallel to the anterior tooth socket. A bulge txrated posteriorly to the ligament
groove. Aragonitic shell layer filled with roundpiliary canals. Presence of an anterior
accessory cavity (AAC). Small ovoid anterior andteoior sockets of equal size (5 to

10 mm). Central tooth very small (1 to 2 mm), filleith canals.

Remarks. Oryxiagen. nov. differs fromichthyosarcolitesn the possession of a small

internal ligament cavity, near the posterior tostitket and communicating with the
outside, where it leads to a longitudinal ligamgrdove. It does not imply, however,

the existence of a ligament (see Steuber, 199869, as rudists can lose their ligament
while still possessing ligament structures. It eli$f also by the presence of a small
anterior accessory cavity i@ryxia gen. nov. (right valve), while it is posterior in

Ichthyosarcolites The new genus is a recumbent form, similaddathyosarcolites

However, whereafchthyosarcolitesshells lay on their anterior sid®ryxia gen. nov.
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invariably lay on their ventral side, due to a fiart extended by their posteroventral

flange.

Oryxia sulcata sp. nov.

Fig. 9

?1967Ichthyosarcolites bicarinatu§&emmellaro; PolSak, p. 186, fig. 21, pl. 5,
fig. 2A.

?1999Ichthyosarcolites poljakiPolSak, 1967; Pletar and Jurkovsek, p. 75, pl.
7, fig. 2b.

1999Ichthyosarcolites bicarinatug€Gemmellaro); Pledar and Jurkovsek, p. 75,

pl. 8, fig. 2a—b; pl. 11, fig. 2.

1999 Ichthyosarcolites tricarinatugGemmellaro); Pledar and Jurkovsek, p.

76, pl. 5, figs 1b, 3; pl. 8, fig. 3; pl. 9, figsatl pl. 10, figs 1a—b, 2; pl. 11, fig.

la-b.

Derivation of nameFrom Latinsulcus on account of the presence of a longitudinal

ligament groove.

Type materialThe holotype consists of three thin slices of atrigplve, BJ.1901-HR2;
it is from the Cenomanian of HruSica, Slovenia.aBgres are BJ.1914-HR2, three thin
slices of a right valve (Fig. 9D) and BJ.1942-HR& thin slices of a right valve, from

the same locality and age.
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Diagnosis.Same as genus (monotypy)

Description. Left valve unknown. Right valve tubular, narrow asigghtly anteriorly
coiled (12 mm of anterior coiling per 100 mm lergtlanispiral development. Longest
known fragment measuring 220 mm in length (holofyf#@ameter of shell varying
between 45 and 75 mm. Diameter of general cavitying between 28 and 35 mm.
Shell shape subrectangular because of flangesraidtisickenings. Slight bead of 13
mm width located dorsally to the posterior tootkbks and posterior to the longitudinal
ligament groove. Bead lopsided anteriorly, slightgvering the ligament groove.
Subtriangular anteroventral thickening, of 13 mmndtiat its base. Presence of a
posteroventral flange. Flange margin broken, bl & minimum of 30 mm in length
and a thickness of 0.5 to 5 mm. Ventral plane serfaeated by simultaneous presence
of the posteroventral flange and anteroventralkning. Very thin ligament groove
(8/0.2 mm) connected to the dorsal part of thelskightly anteriorly curved in cross
section. Groove ending with a little anteropostdyicelongated cavity (2/0.5 mm)
located two millimetres dorsally to the posteriooth. Aragonitic shell; aragonitic inner
shell layer thickness comprised between 10 and 30. rAragonitic shell layer
completely filled with round to ovoid capillary cals with a mean diameter of 1 mm.

Calcitic outer layer missing, probably thin and sitfo No visible tabulae.

Right valve myocardinal apparatusCentral tooth filled with capillary canals
(length/width: 2/1 mm to 3/2 mm). Presence of tved &nterior (4/1 mm to 100/30 mm)
and posterior (4/1 mm to 8/2 mm) tooth sockets lma dorsal side of the shell and

separated from general cavity by a thin blade dakwoii pallial canals. Vertical
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923 myophores undifferentiated from inner shell. OvAKIC present anteroventrally (under

924 anteroventral thickening), larger than socketsg1@m).

925 Remarks. AAC possibly homologous to the anterior myophorahvity in
926 titanosarcolitids. Homology with the PAC in ichttsacolitids (Fig. 4A) is impossible

927 in view of its location, presumed by the preserica posterior ligament groove.

928 Occurrences.Exclusively Cenomanian, being solely known from thieherm of
929 HruSica (Slovenia), on the northern part of the &im carbonate platform. PolSak’s
930 (1967) specimens from Istria (Croatia), identifeesl. bicarinatus may be conspecific

931 with the new taxon.

932 5. Conclusions

933 The Albian—Cenomanian genighthyosarcolitesfirst described by Desmarest
934 in 1812, is known from all around the Tethys, frdfexico to China. Following our
935 study and morpho-anatomical analyses, we acceptfoat species ofchthyosarcolites
936 out of the 19 published nominal species, wittotunduslacking flangesl. triangularis
937 possessing a single dorsal flande,monocarinatusa single ventral flange and
938 Dbicarinatus expressing marked polymorphism with the presentdwo to seven
939 flanges. Homology of the flanges is redefined frdmir position on the shell. The
940 number of flanges can no longer serve to diffeegatspecies beyond two flanges. The
941 internal cavity shape is correlated to the exteflaalges and corroborates the existence
942 of two species bearing a single flange, iletriangularis which possesses a dorsal

943 flange andl. monocarinatuswith a ventral flange. Specimens previously aiti@ol to
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Ichthyosarcolitedrom HruSica, Slovenia exhibit a longitudinal ligant groove and a
small and flat cavity dorsal to the anterior toailtwardly opening by the ligament
groove. The presence and morphology of a liganguwtitical in the evolution of the
rudists and supports the erection of a new gendsspaciesQryxia sulcata which is

assigned to the superfamily Caprinoidea, and mayebg close to families losing their
ligament groove, such as Trechmannellidae, Antlfpmidae and Ichthyosarcolitidae.
Oryxia gen. nov. is important in the phylogeny of rudistsd the evolution of the
ligament among rudists is certainly a key in thehfer phylogenetic explorations of

Caprinoidea.
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Table 1. Comparison of known morphological features and ggalgcal distribution of
all 19 nominal species dththyosarcolitesplus the new form described heredryxia
sulcata nov. gen. et sp. “Unknown” signifies that data evemavailable from the

literature or from specimens considered for the@né study.

Figures

Fig. 1. A, Earliest illustration of. triangularis as “Cucroides” by Guettard (1786), who
thought the fossil to be circularpferres circulaire$). B, Original drawings of the
internal moulds ofl. triangularis (Desmarest, 1817, Specimen ofl. triangularis

(MNHN.F.R08003) from Tlle d’'Oléron, illustrated in’@rbigny’s Paléontologie
Francaise (1847); this specimen is here designated neotypdclathyosarcolites

triangularis Desmarest, 1812.

Fig. 2. lllustration of the main morphological attributeta shell oflchthyosarcolites
A, Picture oflchthyosarcolites alatugFilkorn, 2002) (UNAM.6979)B, Interpretative
scheme of A with the main morpho-anatomical featwed homologue€s, Picture of
Ichthyosarcolites rotundu®olSak, 1967 (LGPZ.778D, Interpretative scheme of C
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1200
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1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

with the main morpho-anatomical features and hogues. AM: anterior myophore;
PM: posterior myophore; ATS: anterior tooth sock&TS: posterior tooth socket; AT:
anterior tooth; PT: posterior tooth; D: general itawf the right valve; G: general
cavity of the left valve; AAC: anterior accessorgvity; PAC: posterior accessory
cavity; t: tabulae; d: shell depression, space betwaragonitic inner shell and the stem

of the myophoral blades.

Fig. 3. Types of species dththyosarcolitesAll scale bars equal 10 mm, Holotype

of Ichthyosarcolites rotunduPBolSak, 1967 (LGPZ.778), showing a cylindrical shel
from the Cenomanian of Fontanela Bay (Istria, Ga)atB, Holotype of
Ichthyosarcolites monocarinatusliSkovic, 1966 (MB.3470), showing a small flange
and round canals; from the Cenomanian of the Dinalps (courtesy of Alceo Tarlao).
C, Syntype oflchthyosarcolites bicarinatu§Gemmellaro Collection, MGUP.021.2-
110), showing two flanges and a twisted body alttegumbo-apertural axis; from the
Cenomanian of Piemonte (Italy) (courtesy of Tonysiagliola). D, Holotype of
Ichthyosarcolites polycarinatuSliskovié, 1966 (MB.3482), showing seven elongated
flanges and small capillary canals; from the up@enomanian of the Dinaric Alps
(courtesy of Alceo Tarlao)E, Holotype oflchthyosarcolites alatugFilkorn, 2002)
(UNAM.6979), showing five flanges and a presumegejile attached to its ventral
side (left valve); the myocardinal apparatus aschgisociated cavities are visible; from
the lower Cenomanian of Guerrero (Mexico) (courte$yJavier Aguilar-Pérez)F,

Lectotype oflchthyosarcolites doublierd’Orbigny, 1847 (MNHN.F.R07971), lacking
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1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

tabulae; internal mould showing the highly devetbpight valve and the short, left

valve; from the upper Cenomanian of Martigues (B&secdu-Rhéne, France).

Fig. 4. Shell internal features dththyosarcolites All scale bars equal 10 mm, 1.
rotunduswithout any flange (AMU.ICH1) from La Bédoule (Rence, France), with
posterior accessory cavity (PAC; arroweB). Picture ofl. bicarinatus from Chiki-
Aouimeur (2010; Agaba, Jordan), with flanges andopimpres (arrowed)C, Thin-
sliced right valve ofl. triangularis with three flanges, two sockets and posterior
myophoral cavity (AMU.HBES 85-ap, Specimen of. bicarinatusfrom Cafion de la
Servilleta (Tamaulipas, Mexico), showing four flasgand thin tabulae (courtesy of
Javier Aguilar-Pérez)e, Mexican right valve with four flanges af bicarinatus(from
Filkorn, 2002); the myocardinal apparatus of thi lalve is visible in connection
(UNAM.6970) (courtesy of Javier Aguilar-Pérezy, Thin-sliced specimen of.
coraloidea (GMUS.Mp1), showing general cavity filled of casah thick shell and

three cavities invaded by capillary canals (coyrt#<Brian Pratt).

Fig. 5. Photographs of shells dththyosarcolitesillustrating tabulae and coiling
patterns. All scale bars equal 10 mi.Longitudinal thin slice of. triangularis from

fle d’Oléron, showing thick tabulae (arrow) in tlgneral cavity and socket®,
Internal moulds ofl. triangularis from Tle d’Oléron (Charentes, France), showing
partial or complete dissolution of thin tabulaerdar) in the general cavity and sockets.
C, Specimen of. triangularis from Tle d’Oléron with intersecting tabulab, Crushed
internal mould ofl. triangularis from lle Madame, showing tabulae and one socket

(d’Orbigny Collection, MNHN.6517-B)E, Near-complete coiled right valve (internal
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1241 mould) from Provence (Francdj, Specimen of. triangularis from Tle d’Oléron with

1242 uncoiled internal mould.

1243 Fig. 6. A, Method for measurement of angular positions afdles on rudist shells. A
1244  circle approximates the general cavity; white @sctorrespond to the projection of the
1245 flange stem on the circle. Angles are measuredkelze with 0° corresponds to the
1246 presumed position of the central tooth or centrath socket. Scale bar equals 10 mm.
1247 Specimen UNAM.6978 (courtesy of Javier Aguilar-R¢reB, Flange angle
1248 measurement plot in degre€k.Hierarchical classification of flange positiod$e two
1249 main clusters represent the dichotomy betwleenonocarinatusventral flanges and
1250 triangularis dorsal flanges. Each point corresponds to the langwsition of a flange,

1251 and the colours correspond to the number of flanges individual.

1252 Fig. 7. Discriminant analysis plot of 23 general cavitie§ shell landmarks of
1253 Ichthyosarcolites Four clusters are based on the number of flangestundus (no
1254 flange),l. monocarinatugone ventral flange), triangularis (one dorsal flange) and

1255 bicarinatus Analysed data are presented as Supplementalé¥iaterial.

1256 Fig. 8. Palaeogeographical map showing the localities ofo@enian-aged species of
1257 IchthyosarcolitesYellow dots:l. rotundus green dotst. triangularis; brown dotsi.
1258 monocarinatusred dotsi. bicarinatus black dotsichthyosarcolitesoccurrences for
1259 which species-level identification could not beifted; blue starOryxia sulcatanov.
1260 gen. et sp. The palaeogeographical map was gedersiteg the ODSN Plate Tectonic
1261 Reconstruction Service (DeConto et al., 1999;

1262 http://www.odsn.de/odsn/services/paleomap/paleantaub).
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1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

1273

1274

Fig. 9. Holotype ofOryxia sulcatanov. gen. et sp. (right valve; BJ.1901-HR?2) sliaed
three samplesA, Transverse view of a thin slice (right sampleCin B, Interpretative
scheme of A with thenain morpho-anatomical features and homologues. &erior
myophore; PM: posterior myophore; ATS: anteriorttosocket; PTS: posterior tooth
socket; CT: central tooth; D: general cavity of tight valve; AAC: anterior accessory
cavity; LG: ligament groove; LB: ligament bulg€, Dorsal view of three samples of
the right valve D, Transverse view of paratype BJ.1914-HR2. All ymies courtesy of

Bogdan Jurkovsek.

SOM

SOM 1

Shell references and Landmark co-ordinates of theeal cavity of 23 shells of

Ichthyosarcolitesising PhyloNimbus.
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chtt obliquo Deshayes, 182 Unknown Urkno
Ichthyosarcolites doublieri Orbigny, 18472 Unknown  Unknown
chthyosarcolites quadrangularis Tuomey, 1854,
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Short and triangular

Cireular
Quadrangular
Ovoid
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3
1(dorsal)  Short and trangular
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o Non applicable
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usa
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in, Turkey
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A revision of the genus Ichthyosarcolites is proposed, based on morphological analyses
Variability in flanges and general cavity shape allow to retain only four species

A new genus and species is described, Oryxia sulcata, based on the ligamentary cavity





