N

N

Reassessment of Cosmodus Sauvage, 1879, a poorly
known genus of large pycnodont fish (Actinopterygii,
Pycnodontiformes) from the Cenomanian (Upper
Cretaceous) of Western Europe

Romain Vullo, Jean-Pierre Archambeau, Gilles Bailly, Pierre Bénéfice

» To cite this version:

Romain Vullo, Jean-Pierre Archambeau, Gilles Bailly, Pierre Bénéfice. Reassessment of Cosmodus
Sauvage, 1879, a poorly known genus of large pycnodont fish (Actinopterygii, Pycnodontiformes) from
the Cenomanian (Upper Cretaceous) of Western Europe. Cretaceous Research, 2018, 91, pp.217-228.
10.1016/j.cretres.2018.05.019 . insu-01819797

HAL Id: insu-01819797
https://insu.hal.science/insu-01819797

Submitted on 21 Jun 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://insu.hal.science/insu-01819797
https://hal.archives-ouvertes.fr

,

Accepted Manuscript = CRETACEOUS

EARCH

Reassessment of Cosmodus Sauvage, 1879, a poorly known genus of large
pycnodont fish (Actinopterygii, Pycnodontiformes) from the Cenomanian (Upper
Cretaceous) of Western Europe

Romain Vullo, Jean-Pierre Archambeau, Gilles Bailly, Pierre Bénéfice

Pl S0195-6671(18)30109-5
DOI: 10.1016/j.cretres.2018.05.019
Reference: YCRES 3893

To appearin:  Cretaceous Research

Received Date: 21 March 2018
Revised Date: 7 May 2018
Accepted Date: 30 May 2018

Please cite this article as: Vullo, R., Archambeau, J.-P., Bailly, G., Bénéfice, P., Reassessment

of Cosmodus Sauvage, 1879, a poorly known genus of large pycnodont fish (Actinopterygii,
Pycnodontiformes) from the Cenomanian (Upper Cretaceous) of Western Europe, Cretaceous Research
(2018), doi: 10.1016/j.cretres.2018.05.019.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.cretres.2018.05.019

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Reassessment of Cosmodus Sauvage, 1879, a poorly known genus of large pycnodont fish
(Actinopterygii, Pycnodontifor mes) from the Cenomanian (Upper Cretaceous) of

Western Europe

Romain Vullo®*, Jean-Pierre ArchambeduGilles Bailly®, Pierre Bénéficé

& Univ Rennes, CNRS, Géosciences Rennes, UMR CNRS, €ampus de Beaulieu, 263,
avenue du Geénéral Leclerc, F-35000 Rennes, France

P 4, rue Saint-Just, F-17000 La Rochelle, France

“ Musée d’Angouléme, 1, rue Friedland, F-16000 Ahgme, France

4 23A, rue des Barraudes, La Cotiniére, F-17310tSRierre-d’Oléron, France

* Corresponding author.

Email addressromain.vullo@univ-rennesl.fr (R. Vullo).

Declaration of interest: none.

ABSTRACT

The large pycnodontiform fish genG®smodusSauvage, 1879 is redescribed on the basis of
both historical material and new specimens, aratadl diagnosis is proposed. The vomerine
and preatrticular dentitions @fosmodushow a unique combination of characters, including
the morphology and ornamentation of the tooth cioamd the number of tooth rows.
Cosmoduss thus recognized as a valid distinct genusriotstl to the middle—upper
Cenomanian of Western Europe (France, EnglandnSaad possibly Germany) and

including a single specie€, carentonensifCoquand, 1859)Cosmodushares some peculiar
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dental features witoccoduge.g., vomerine dentition with three rows of sidrtgular teeth)
and is therefore tentatively interpreted as a diganember of the Coccodontidae, a family of
highly specialized pycnodont fishes so far knowly drom the middle—upper Cenomanian of

Lebanon.

Keywords:Actinopterygii; Pycnodontiformes; Coccodontid@ssmodusDentition;

Cenomanian.

1. Introduction

The order Pycnodontiformes is a widespread groupysfinned fishes known from
the Upper Triassic to the Eocene (e.g., Martin-Afsad Poyato-Ariza, 2013). Although
pycnodontiform genera and species should be pidfedefined and diagnosed on the basis
of complete, articulated skeletons (Poyato-Arizd Wenz, 2002), isolated vomerine and
prearticular dentitions with unique features (olque combinations of characters) are still
regularly used to erect new taxa (e.g., Poyatoaaizd Bermidez-Rochas, 2009; Shimada et
al., 2010; Stumpf et al., 2017; Vullo et al., 2017)

The Cenomanian gen@smodusbased on isolated dentitions, was erected by
Sauvage (1879) to accommodate a large pycnodamtiépecies that had been previously
assigned to the gen@y/rodus(G. carentonensi€oquand, 1859). Subsequently, the genus
Cosmodusas been unanimously regarded as a junior synayhe widespread genus
CoelodusHeckel, 1854 (Woodward, 1895, 1909, 1918; Prie®d8] 1909, 1912; Kriwet and
Schmitz, 2005), although it clearly appears thatfitmer possesses distinctive dentitions

with a unique combination of characters. Here giweusCosmoduss reassessed and
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redescribed on the basis of material coming froentyppe region (Charentes, northern
Aquitaine Basin, southwestern France) and fromrgthets of Western Europe (Anglo-Paris
Basin and northern Spain). This material is used teedesignate a neotype, to provide a
formal diagnosis of the type and only speci@ssmodus carentonengiSoquand, 1859), and

to discuss, by comparison with other taxa, theesyatic affinities of the genus.

Institutional abbreviations. APVSM, Association Paléontologique de Villers-8ber; MA,
Muséum d’Auxerre; MCNA, Museo de Ciencias NaturalesAlava, Vitoria-Gasteiz ; MGM,
Museo Geominero, Madrid; MHNLM, Musée Vert, MusédtHistoire Naturelle, Le Mans;
MHNLR, Muséum d’Histoire Naturelle de La RocheldiMUK, Natural History Museum,

London, UK.

2. Geological settings

2.1. Type area

The lost type specimen (Fig. 1) described by Cody&B59, 1860a, b) and Sauvage
(1879, 1880) was collected by the naturalist Alpdef. de Rochebrune at Pont-de-Basseau
in Angouléme, Charente department (northern Aguit&asin). In their respective
descriptions, Coquand (1859, 1860a, b) and Sauilsy®, 1880) did not provide any
information on the exact stratigraphic positiortteég specimen within the Cenomanian series,
indicating only “étage carentonien” [Carentoniand&f] or “étage &aprina adversa
[Caprina adversétage] (see Francis, 1984). Since 2000, intertallecting of Cenomanian

vertebrates in the surrounding area of Angoulénsealiawed to precisely locate the



76  stratigraphic position ad€osmodugVullo, 2007). It appears that isolated teeth and

77  fragmentary dentitions (MHNLR 2017.10.4) @06smodusommonly occur in the marls and
78  clays (“argiles tégulines” of Coquand, 1858) of lbmer upper Cenomanian lithological units
79  C4 and D Calycoceras guerangedone; Moreau, 1996; Néraudeau et al., 1997) opfny

80 in several clay pits (“Le Pas”, “Le Mas” and “L’Armaquarries) opened in a small area

81  southwest of Angouléme (towns of Nersac, La Couecanmd Roullet—Saint-Estephe) (Vullo,
82  2007) (Fig. 2). These shallow marine deposits lyaded a rich and diverse fossil

83 assemblage (Moreau, 1996), including abundant y§ynchostreon suborbiculatym

84  Rastellum diluvianugPycnodonte biauriculateCeratostreon flabellatuin(Videt, 2004;

85 Videt and Néraudeau, 2007), rare ammonitémmelitexf. lattense Moreau, 1996),

86  brachyuran crabs (Collins et al., 2013; Van BaRell 3), echinoids, and common vertebrate
87 remains (Rage and Néraudeau, 2004; Vullo, 2007ip\atlal., 2007; Vullo and Néraudeau,
88  2009).

89 In the Charente-Maritime department, about 100nest of Angouléme, the ile

90 Madame cliffs expose the beds of the lower uppe&@enian lithological units C4 and D

91 (Calycoceras guerange#ione) at the place called “Le Puits des Insur@Egj. 2). The fossil
92 assemblage recovered from these shallow transgeassirine deposits is roughly similar to
93 that found in the Angouléme area. However, oysiegdess abundant, ammonites are

94  represented biPseudocalycocerasp. and plant fragments (conifers) are presertgivand

95 Néraudeau, 2007). Besides numerous isolated temtiplete dentitions d€osmodus

96 (MHNLR 2017.10.1, MHNLR 2017.10.2, MHNLR 2017.10/&ve been collected at “Le

97  Puits des Insurgés”. In the fle Madame Cenomargerss a few teeth a&fosmodusave

98 been also found in the underlying marly limestoapasits of the middle Cenomanian subunit
99 C2 and in the overlying sandy oyster bed locateétie@base of the upper Cenomanian unit E

100 (Fig. 2).
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2.2. Other localities

Outside the type area (Charentes region), thregi@aa FrenchCosmoduspecimens
are known from the Cenomanian of the Paris BadweyTall correspond to historical
specimens that were collected with more or lessiggestratigraphic data. The first specimen
(unnumbered specimen from the APVSM collectionppably found by Charles Bacheley at
the end of the 18century (Brignon, 2016: 599) and subsequently camioated by Auguste
Le Prévost to Antoine Passy at the beginning oflﬁ‘ﬂecentury, comes from the lower part of
the coOte Sainte-Catherine in Rouen (Seine-Maritlegartment, Normandy) (Passy, 1832).
This famous locality, which has provided many ftsssince the end of the t”l‘i&entury,
exposes chalky deposits of middle to late Cenomaaige corresponding to the “Craie de
Rouen” Formation (Lasseur et al., 2009; Lasseut5pat is very likely that this specimen
was collected from the middle Cenomanian phospliéicizon de Rouen”Acanthoceras
rhotomagens&one), although it might also have been foundne of the overlying strata of
the Acanthoceras jukesbrowngone. The second specimen (MA 70-530) comes firam t
middle—upper Cenomanian glauconitic chalk (“Crdagonieuse”) of Seignelay (Yonne
department, Burgundy) (Sauvage, 1879). The thietigpen (MHNLM 2013.0.2.21) comes
from Coulaines near Le Mans (Sarthe departmentn®)aa classic fossil-rich locality which
was exposing the middle Cenomanian Jalais sandatahbardground, at the top of the
“Sables et grés du MansA¢anthoceras jukesbrownone) (Morel, 2015; Vullo, 2015).

Geographic and stratigraphic information aboutpgteiously published specimens
from England and Spain is provided by Friedmar.§2816) and Vullo et al. (2009),
respectively. The specimen from Halling (Kent, $matstern England), which is the type of

Coelodus fimbriatu¥Voodward, 1893 (NHMUK PV OR 43090), comes from Hadaster
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subglobosugZone (Lower Chalk, Grey Chalk Group; middle pdrth@ Zig Zag Chalk
Formation; upper middle to lower upper Cenomangtprding to Friedman et al. (2016).
Specimen MGM-2504C from Tiroco (Asturias, north&pain) comes from the La Cabafia
Formation, which is middle?—late Cenomanian in &gerestingly, MGM-2504C was found
in association with the ammoniieolobites vibrayeanuy®lmela and Rios, 1962). This
ammonite is the index species of a zone partiglyvalent to the lower upper Cenomanian
Calycoceras guerangedone (Barroso-Barcenilla et al., 2009). In Astayisome jaw
fragments and isolated teeth@bsmodusave also been collected from coeval beds of the L
Cabana and El Toral quarries near Oviedo (Vullale2009). An additional, previously
unpublished specimen (MCNA registration number pggdcomes from the upper
Cenomanian of Sébron (Alava, Basque Country, nantBSg@ain). The geological setting of

this area and the Sobron section are describeetail th Floquet et al. (1996).

3. Systematic palaeontology

Osteichthyes Huxley, 1880

Actinopterygii Cope, 1887

Neopterygii Regan, 1923

Pycnodontiformes Berg, 1937

?Coccodontidae Berg, 1940

Cosmodusauvage, 1879

Type and only species. Gyrodus carentonens{Soquand, 1859.
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Diagnosis. Large-sized pycnodont fish genus that differsnfral other pycnodont genera in
having the following combination of characters:rgjated, narrow vomerine dentition with
three rows of seven or eight subtriangular teet#tht of the medial row of the vomer slightly
smaller than corresponding adjacent lateral teethyst prearticular bone bearing three rows
(one main row located medially and two secondawsrimcated laterally) of large curved
drop-shaped teeth (main row) and smaller subovalibwectangular teeth (secondary rows);
complex tooth ornamentation, with a sculpted crewrface (central depression present in all
teeth except teeth of the prearticular main roveyghg a rugose texture and irregular

wrinkles arranged in a more or less pronouncedtiagj pattern.

Cosmodus carentonengiSoquand, 1859)

Figs. 1, 3-5A

1832 “Palais de poisson”, “Appareil dentaire despon”; Passy, p. 179, pl. 15, fig. 1.
?1856Gyrodus MunsterAgassiz; Fischer, p. 138, fig. 21.

1859Gyrodus carentonens{Soquand: p. 953.

1860aGyrodus carentonens{Soquand; Coquand, p. 41.

1860bGyrodus carentonens{Soquand; Coquand, p. 97.
1879Cosmodus carentonengiSoquand); Sauvage, p. 49.
1879Cosmodus grandiSauvage: p. 49, pl. 3, fig. 29.

1880Cosmodus carentonengiSoquand); Sauvage, p. 459, pl. 14, fig. 1.
1893Coelodus fimbriatu§voodward: p. 491, pl. 17, fig. 6.
1895Coelodus carentonensi€oquand); Woodward, p. 257.
1895Coelodus majoWoodward: p. 257.

1908Coelodus majoWoodward; Priem, p. 48.
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1909Coelodus carentonengi€oquand); Priem, p. 325.

1909Coelodus fimbriatu¥voodward; Woodward, p. 166, fig. 47.
1912CoelodugGyrodug carentonensigCoquand); Priem, p. 269.
1962Pycnodussp.; Almela and Rios, p. 61, pl. 7, fig. 2.

1972Coelodus fimbriatu$Voodward; Benedetto and Sanchez, p. 61, pl. 27fig
1997Gyrodus carentonens@Goquand; Schultz and Paungw. 125.
1997Coelodus fimbriatu§voodward; Schultz and Paunéyp. 102, 127.
2005Gyrodus carentonensfSoquand; Kriwet and Schmitz, p. 53.
2005Cosmodus grandiSauvage; Kriwet and Schmitz, p. 53.

2007 ‘Coelodus carentonensi@Coquand); Vullo, p. 79, text-fig. 3.1, pl. 4gfi2.
2009 “Cosmodus carentonens(€oquand); Vullo et al., p. 122, figs. 2e, 4a.
2015Coelodus fimbriatu¥Voodward; Brignon, p. 57, fig. 32.1.
2015Cosmodusf. grandis(Sauvage); Vullo, p. 241, fig. 172h.

2016 ‘Coelodus fimbriatusWoodward; Friedman et al., p. 171, table 1.

Neotype. MHNLR 2017.10.1, a complete vomerine dentiticonir‘Le Puits des Insurgés”,
1le Madame, Charente-Maritime department, Franage @A, B).

Paraneotype. MHNLR 2017.10.2, a complete left prearticular tkgon from “Le Puits des
Insurgés”, ille Madame, Charente-Maritime departmiersnce (Fig. 3F—H).

Referred material. MHNLR 2017.10.4, a fragmentary vomerine dentitimm Nersac (“Le
Pas” quarry), Charente department, France (FIigE3XMHNLR 2017.10.3, a complete right
prearticular dentition (juvenile) from “Le Puitssilsurgés”, fle Madame, Charente-
Maritime department, France (Fig. 31); MA 70-53%p@ specimen oaCosmodus grandis

Sauvage, 1879), a subcomplete left prearticulatitttemfrom Seignelay, Yonne department,

France (Fig. 4A); NHMUK PV OR 43090 (type specinéiCoelodus fimbriatu¥Voodward,
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1893), a fragmentary right prearticular dentitioonfi Halling, Kent, England (Fig. 4B);
MHNLM 2013.0.2.21, a subcomplete left prearticidantition from Coulaines, Sarthe
department, France (Fig. 4C); APVSM unnumberedispat, a subcomplete right
prearticular dentition from Rouen, Seine-Maritimepdrtment, France (Fig. 4D); MGM-
2504C, a subcomplete right prearticular dentitimmf Tiroco, Asturias, Spain (Fig. 4E);
MCNA (registration number pending), a fragmentagyt prearticular dentition from Sébron,
Alava, Spain (Fig. 4F); MHNLR 2017.10.5, a left tiny (or left premaxilla?) from Nersac
(“Le Pas” quarry), Charente department, France. dgK).

Typelocality and horizon. “Le Puits des Insurgés”, ille Madame, Port-des3Bes,
Charente-Maritime department, France. Lower uppratanian lithological units C4 and D
(Calycoceras guerangedone), “Argiles tégulines de Coquand” Formation (&, 1996;
Néraudeau et al., 1997; Andrieu et al., 2015).

Diagnosis. Same as for genus.

3.1. Description

The vomer is an elongate, relatively narrow bonelNMR 2017.10.1 (Fig. 3A, B) is a
complete vomerine dentition (65 mm in length) shay21 teeth closely arranged in three
well-defined longitudinal rows. Seven teeth arespreed in each row. The posteriormost
tooth of the medial row is missing. In cross-sawioview, the three rows are in the same
plane. With the exception of the anterior teetthef medial row with a diamond-shaped
contour, all the teeth show a subtriangular contowcclusal view. The teeth of the medial
row alternate with those of the lateral rows. Téweth have a central depression, which is
larger and more rugose and wrinkled in the crowirtbelateral rows. The ornamentation

shows a more or less pronounced radiating pafidérateeth of the medial row show a thick
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transverse bulge posterior to the central depresMéiNLR 2017.10.4 (Fig. 3C-E) is a
vomer fragment bearing four teeth. The preservetiqgrocorresponds to the posterior part of
the vomer. It shows the second posteriormost tobthe medial row, and the three
posteriormost teeth of the left lateral row. Irt lateral view, the bone shows a well-
developed subvertical oral border above the tomth in dorsal view, the bulged lateral
margin of the lateral teeth can be seen.

The prearticular corresponds to a massive, weliedbone. MHNLR 2017.10.2
(Fig. 3F-H) is a large, complete left prearticuath a well-preserved dentition showing
three tooth rows. The main row has nine curved-dttgped teeth that are devoid of central
depression. The largest teeth are 20 mm in widithe ldnd eight teeth are preserved in the
inner and outer lateral rows, respectively. Howetreare were originally ten teeth in each of
the two lateral rows, as indicated by empty togihices. The lateral row teeth show a suboval
to subrectangular contour and display an ornamentatmilar to that of vomerine teeth (i.e.,
central depression, rugose texture and irregularklas showing a more or less pronounced
radiating pattern). The symphysis is thin and Iofgere is a relatively narrow edentulous
area between the main tooth row and the symphysisgsponding to a medioventral lamina.
In cross-sectional view, this lamina is rather il concave dorsally. The coronoid process
is thick, rather low, and shows a slightly convexs&l margin. The ventrolateral surface of
the prearticular shows a salient coronoid ridgéar8e foramen is present laterally, just below
the third anterior tooth of the outer lateral rddHINLR 2017.10.3 (Fig. 3l) is a complete
right prearticular belonging to a juvenile. Sixtteare preserved in the main row. The tooth
arrangement and tooth morphology are rather sirtolénose observed in larger specimens,
indicating that ontogenetic heterodontydnsmodusvas very weak. The two main

differences with adult dentitions are 1) the proorlly larger size of posterior teeth of

10
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274

lateral rows and 2) the higher angle between medhdllateral margins of the dentition. In
addition, anterior teeth of the two lateral rows farsed in MHNLR 2017.10.3.

MHNLR 2017.10.5 (Fig. 3J, K) is a small subtriargulflattened bone bearing two
incisiform prehensile teeth. This element, intetgdeas a left dentary (or, alternatively, a right
premaxilla), is tentatively assigned@@smodusecause of the presence of unusual
ornamentation on the tooth crowns. Both teeth adgemthan high and not strongly
compressed labiolingually. The lingual faces aregularly wrinkled and show a basal bulge,
whereas the labial faces are smooth.

All the Cosmoduspecimens previously described from the Anglo-sPBasin (Passy,
1832; Sauvage, 1879; Woodward, 1893; Vullo, 2018l morthern Spain (Almela and Rios,
1962; Vullo et al., 2009) correspond to large piealar dentitions (Fig. 4A—-E). They are less
complete than MHNLR 2017.10.2, all lacking the aoteportion of the dentition. However,
they clearly show the same tooth arrangement arrghmotogical features that the material
from Charentes, displaying a main row with droppsthteeth and two secondary rows with
smaller suboval to subrectangular teeth ornamdntedegular radiating wrinkles. The new
Spanish specimen from Sébron is a smaller fragm@mésponding to the anterior portion of
a right prearticular dentition (Fig. 4F). It is @lsiorphologically consistent with the Charentes

material.

4. Discussion

4.1. Synonymy and designation of a neotype

In his synopsis of the Cretaceous fossils of soa#itern France §ynopsis des

animaux et des végétaux fossiles observés daosation crétacée du sud-ouest de la

11



275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

France’), Coquand (1859) provided a brief descriptionhwitt illustration of a new species
of pycnodont fishGyrodus carentonensifrom the upper Cenomanian of the Angouléme
area, Charente departme@bquand’s original description &yrodus carentonensisas

based on a single fragmentary vomer (now lost)ibgaix teeth characterized by a peculiar,
complex ornamentation (Fig. 1). Later, Sauvage 918880) figured this specimen (Fig. 1),
discussed the affinities of this species, found ithaas clearly distinct from the other species
of Gyrodus and finally concluded that it should be assigtted new genus. Thus, Sauvage
(1879) erected the gen@®smodusin which he also placed a new specéssmodus

grandis from the Cenomanian of Seignelay, Yonne departhmemtheastern France (Fig.
4A). Sauvage (1879, 1880) also placed the sp&giesodus imitatoCornuel, 1877 and
Pycnodus sculptuSornuel, 1877 (Lower Cretaceous of Wassy, Hauteakldepartment,
northeastern France; Cornuel, 1877, 1880) in his genusCosmodusbut these two species
must be assigned to the gegodus(Woodward, 1895). The type specimen$gfodus
imitator andGyrodus sculptuare prearticular dentitions which display the sdeatures that
those ofGyrodussp. described from the Lower Cretaceous of Gernfgnwet and Schmitz,
2005). Because neith&@yrodus imitatomor Gyrodus sculptudisplays diagnostic features,
these two species must be consideregoasina dubiaand the type material is here referred to
Gyrodussp.

Woodward (1893) described a new large speci€xetodusC. fimbriatus on the
basis of an incomplete prearticular dentition fribva Lower Chalk of Halling, Kent,
southeastern England (Fig. 4B). The dental morghoénd tooth arrangement of this
prearticular dentition clearly indicate that thpesies belongs to the gemesmodusBoth
Cosmodus grandiSauvage, 1879 ar@osmodus fimbriatu8Voodward, 1893) are
undistinguishable from the type species (knowndwesgal vomerine and prearticular

dentitions), and these two taxa are therefore deghhere as junior synonyms@bsmodus

12



300 carentonensigCoquand, 1859). In the present study, we sdbectdmplete vomerine

301 dentition MHNLR 2017.10.1 from the “Argiles tégudis de Coquand” Formation of the

302 Charentes region (type horizon and area) as thigpeofCosmodus carentonensis

303 consistently with the type specimen originally déssd by Coquand (1859). In addition, the
304 complete prearticular dentition MHNLR 2017.10.2llected from the same locality that

305 yielded the neotype (i.e., “Le Puits des Insurgée”’Madame), is designated as paraneotype.
306 A prearticular dentition from the middle—upper Ceramian of the c6te Sainte-

307  Catherine in Rouen (Normandy, northwestern Frame@inally figured by Passy (1832: pl.
308 15, fig. 1) as “appareil dentaire de poisson” [déapparatus of fish] and recently referred to
309 Coelodus fimbriatugy Brignon (2015), can be confidently assigne@tsmodus

310 carentonensigFig. 4D).

311

312 4.2. Comparisons and affinities

313

314 The genu€osmodushares some dental features with a few other miamagenera.
315  Several authors have considered the g€usnoduss a subjective junior synonym of the
316 genusCoelodugWoodward, 1895, 1909, 1918; Priem, 1908, 190221 %riwet and

317  Schmitz, 2005). Woodward (1895: 257) even propasedeplacement nan@oelodus major
318 for Coelodugyrandis(Sauvage, 1879), which consequently became arjaoimonym of

319 Coelodus grandigCosta, 1856). Lik€osmodusCoelodugypically has three prearticular
320 tooth rows (Woodward, 1909; Schultz and Pauéidl®97; Poyato-Ariza and Wenz, 2002;
321  Szabd et al., 2016). Howevé&opsmodusglearly differs fromCoelodusby the tooth shape, the
322  tooth ornamentation, and the number of vomerinéhtomvs (Woodward, 1909; Schultz and
323 Paunow, 1997; Poyato-Ariza and Wenz, 2002) (Table 1)ilAS8osmodusthe prearticular

324  of the genu®&Anomoeodualso shows a main tooth row with comma-shaped rtsow

13



325 However, the vomerine and prearticular dentitioh&momoeoduslisplay more tooth rows
326 than those o€osmoduslin addition, the teeth dfnomoeodusre generally smooth or less
327 ornamented than those ©GbsmodugKriwet, 1999, 2002; Poyato-Ariza and Wenz, 2002,
328 Friedman, 2012) (Table 1). A3osmodusthe much smaller coccodontisefisu latpgenera
329 Coccodusandichthyocerosalso have a vomer bearing three rows of subtriangeeth

330 (Poyato-Ariza and Wenz, 2002: fig. 22d; Fig. 5Bawever, the prearticular dentition of

331 Coccodusshows only two tooth rows (Poyato-Ariza and W&02; Kriwet, 2005: fig. 44)
332 (Table 1). Inichthyocerosthere are three prearticular tooth rows aSesmodusbut the two
333 secondary rows are located medially and lateralth¢ main row (Poyato-Ariza and Wenz,
334 2002: fig. 23a). The presence of three tooth rowsath the vomerine and prearticular

335 dentitions is known in several other pycnodontifdexa (e.g.Arcodonichthys

336 ParamicrodonPhacodusProscinetesNeoproscinetgs but the teeth of the main vomerine
337 tooth row are never triangular in contour and &negs larger and wider that those of lateral
338  rows (Thurmond, 1974; Hooks et al., 1999; Poyatz#et al., 1999; Poyato-Ariza and

339 Wenz, 2002; Poyato-Ariza and Bermudez-Rochas, 20@8}ly, it is worth noting that a

340 rugose tooth crown ornamentation rather similghtd ofCosmoduss convergently present
341 inthe large Eocene specieégcnodus mokattamensen otherwise distinct pycnodont with
342 five vomerine tooth rows and suboval teeth (Pri#887, 1899). The new material described
343  here confirms the validity of the genG®smoduswhich can be clearly distinguished from
344  Coelodusand other pycnodontiforms by its unique combirmatbcharacters.

345 As Cosmoduss known only by isolated dentitions, caution éeded when attempting
346 to determine the systematic affinities of this geridowever, unusual dental features of

347 Cosmodugprovide clues regarding its familial assignmentetestingly, Poyato-Ariza and
348 Wenz (2002) found that subtriangular vomerine teefinesent an autapomorphic character of

349 the cladeCoccodust Ichthyoceroswithin the Coccodontidaesénsu laty a highly
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specialized family of small-sized, well-armored pgdonts so far restricted to the middle—
upper Cenomanian of Lebanon (Poyato-Ariza and W20@2; Martin-Abad and Poyato-
Ariza, 2013; Taverne and Capasso, 2014). In addi@osmodushares wittfCoccodusa
suite of characters, including the number andikedatidth of vomerine tooth rows (three
rows of subequal widths), the slenderness of tmeerdhigh length/width ratio), the tooth
crown ornamentation (e.g., vomerine teeth with Wed central depression and peripheral
bulges), the morphology of main prearticular teetirved drop-shapexbntour), and the
number of teeth in main rows of vomerine and preddr dentitions (less than 10) (Poyato-
Ariza and Wenz, 2002; Kriwet, 2005; Taverne anda3ap, 2014) (Fig. 5). As far it is
known,Cosmodusnainly differs fromCoccodudy its much larger size, its more marked
tooth crown ornamentation, and the presence ofiditianal lateral tooth row in the
prearticular dentition. In conclusion, dental featiofCosmodusndicate that this genus is
more closely related t6occodughan to any other pycnhodontiform genus, @udmoduss

therefore tentatively referred to the Coccodontidae

4.3. Distribution and palaeoecology

Outside the Aquitaine Basin, where the type ardecated (Coquand, 1859; Sauvage,
1880; Vullo, 2007), the geni@osmoduss known from the Anglo-Paris Basin (Passy, 1832,
Sauvage, 1879; Woodward, 1893; Vullo, 2015) anthftbe Asturian Central Depression in
the northern margin of the Iberian Peninsula (Abreatd Rios, 1962; Vullo et al., 2009) (Fig.
6). An additional Spanish occurrence is reportae heased on a previously unpublished
specimen coming from the upper Cenomanian of Sofktava, Basque Country) in the
Basque—Cantabrian Basin (Fig. 6). Lastly, a sitgbh from the upper Cenomanian

(Metoicoceras geslinianuone; Dolzschen Formation) of Plauen (Saxonyeeast
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375  Germany), originally described a&yrodus Munstetj shows a suboval contour, a central
376  depression and short radiating wrinkles (Fisch&b6] Licht and Kogan, 2011). This

377 specimen, about 6 mm in largest diameter and ligetyesponding to an anterior tooth of a
378  prearticular lateral row, may be referredxosmodusHowever, this assignment, based on
379  Fischer’s original figure (Fischer, 1856: fig. 2just be considered as highly tentative.

380 Cosmodugherefore appears to be well distributed in WesEarrope, from chalky

381 facies with boreal influences (as observed in K8etne-Maritime and Yonne; e.g., Lasseur
382 etal., 2009) to more detrital facies with Tethyaftuences (as observed in Charentes, Sarthe,
383 Basque Country and Asturias; e.g., Moreau, 199@) @). This indicates th&osmodus

384  probably lived in a wide range of habitats, fronalsbw marine to deeper outer shelf

385 environments. However, the material from Charentésch is abundant, well-preserved and
386 comes from both juvenile and adult individuals, gegjs thaCosmodugpreferentially

387 inhabited shallow coastal areas such as lagoonbaydd In the type are@osmodugo-

388  occurs with other medium-sized to large-sized pyomb taxa, such a&oelodus

389 AnomoeodusPhacodusand cf.NeoproscinetefCoquand, 1859, 1860a, b; R. Vullo, pers.
390 obs.). However, the latter are somewhat smallertGosinodugorresponds to the largest
391  form of the Charentes pycnodont assemblage, aobisrved in the Anglo-Paris Basin and
392  Asturias (Vullo et al., 2009; Vullo, 2015; Friedmanal., 2016). Mid-Cretaceous pycnodont
393 fishes include some particularly large forms, asneglified byCoelodus ellipticusand

394  Coelodus gyrodoidefsom the Albian of southern England (Egerton, 18¥WVith an

395 estimated maximum standard length of about 80 @eofding to the correlation existing
396 between prearticular length and standard lengthjgsht, 2009) and an inferred total length
397 of around one meter, the putative coccodo@idmodugarentonensiss one of these large-
398 sized pycnodonts that flourished during the midt&@reous and strongly contrasts with the

399 small-sized Lebanese coccodontid taxa (around lihc¢otal length folCoccodusTaverne
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and Capasso, 2014). The observed distributiddosimodusn Western Europe can be partly
correlated with the middle—late Cenomanian develarof oysters such as the gryphaeid
speciedPycnodonte biauriculatéPycnodontéevent; Dhondt, 1984; Videt, 2004; Wilmsen
and Voigt, 2006). These abundant, robust bivalvag have represented a major food
resource for such powerful-jawed fishes with adjng dentition.

If correct, the familial assignment Gosmodugproposed here considerably extends
the palaeogeographic range of the Coccodontidgeup so far considered endemic to
Lebanon (Cavin, 2008; Martin-Abad and Poyato-Aral 3; Taverne and Capasso, 2014;
Marrama et al., 2016). The presence of a singleanmntid species in Europe would contrast
with the relatively high diversity of Lebanese codontids §ensu latp usually regarded as
the result of a local radiation event due to peggcological conditions (Cavin, 2008;
Marrama et al., 2016). In addition, this would soppgthe hypothesis that collecting and
taphonomic biases (i.e., “Lagerstétten effect”) rhayesponsible for the so far observed
geographic restriction of this peculiar lineage¢hte Middle East, as previously suggested by
Marrama et al. (2016). Lebanese coccodonsdsagu latp mostly come from the lower upper
Cenomanian strata of Hagel and Hjodla (TaverneGaghsso, 2014). The late Cenomanian
age of these two fossil-Lagerstatten was first psal on the basis of an assemblage of
planktonic foraminifera from contiguous deposit&(ieben, 1977) and subsequently
confirmed by the occurrence of the ammoilecriocerascf. annulatum a species
occurring in theMetoicoceras geslinianuone (Wippich and Lehmann, 2004).
Coccodontids are also present in the En Nammogasdity (Taverne and Capasso, 2014),
which is late middle Cenomanian in age as indichtedssociations of benthic foraminifera
(Dalla Vecchia et al., 2002Cosmoduss known from the middle to the upper Cenomanian,
occurring from theAcanthoceragukesbrowneZzone (or possibly the underlying

Acanthoceras rhotomagengene) to theCalycoceras guerangedone (or possibly the
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overlyingMetoicoceras geslinianuione). ThereforeCosmodushows a restricted
stratigraphic distribution that is roughly consigtevith that of Lebanese coccodontids.
During the latest Cenomania@psmoduspparently became extinct and several
equivalent-sized taxa appeared in Europe, Northriga@nd Africa during the Turonian.
These taxa include some particularly large spesfitise widespread pycnodontid genus
Coelodude.g., Woodward, 1909; Priem, 1898; Schultz anghBeaic, 1997), the poorly
known pycnodontid genuscrotemnug= Macropycnodoh(e.g., Woodward, 1909; Shimada
et al., 2010; Vullo and Courville, 2014), and thedore serrasalmimid gen&®lygyrodus
(Vullo et al., 2017). It can be assumed that ttéad to gigantism in various distinct lineages
(reported here for the first time within the Cocontidae), with some forms exceeding one
meter in total length, is one aspect of the explosarly Late Cretaceous diversification
observed in pycnodont fishes (Marrama et al., 2088)arly as the Cenomanian, new
morphological innovations with obvious defensivadtions (e.g., horns, spines, armor)
evolved independently in several marine fish liresa¢e.g., pycnhodonts, acanthomorphs),
probably in response to the increased levels afgiren characterizing the Mesozoic Marine
Revolution (Chen et al., 2014; Marrama et al., 200 the basis of the available material
(i.e., isolated dentitions), it is not possiblektmw whethelCosmodusvas a well-armored
form like small-sized, spinous coccodontids fronibédeon (Taverne and Capasso, 2014).
Nevertheless, it is worth noting that the remarkddige size of some mid-Cretaceous
pycnodonts such &osmodusnay have represented an alternative or additipimgdical

defensive adaptation in ecosystems with incregsiadation rates.

5. Conclusions
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Our study shows that the pycnodont fidsmodusoccurring in the mid-Cretaceous
(Cenomanian) of Western Europe and previously thbtggbe a junior synonym of
Coelodusis actually a monospecific genus that can berlglelistinguished from all other
taxa. The tooth arrangement and tooth morphologyosimnodusuggest that this large-sized
genus is closely related @occodusa small armored form endemic to LebanGasmoduss
therefore tentatively assigned to the Coccodontiddeghly specialized family of pycnodonts
known so far only from the famous Lagerstatten eltbdnon. This new taxonomic
interpretation ofCosmodusvould extend the palaeogeographic distributionaafcodontids
to the European archipelago. Interestingly, thatistraphic range a€osmoduss equivalent
to that of Lebanese coccodontids (middle—upper @ammn).

Cosmodusas well as other large mid-Cretaceous pycnodaetsCoelodus
AcrotemnusPolygyrodu$, probably fed on robust hard-shelled organisnisraay have been
preyed upon by large top predators such as lanmistrarks and marine reptiles. The
gigantism observed in these pycnodont taxa canteepreted as a direct consequence of an
important phase of predator—prey escalation indCegius marine ecosystems (Walker and
Brett, 2002).

Our results confirm the important contribution cdghostic isolated dentitions to our
knowledge of the palaeodiversity, palaeobiogeogyauit palaeoecology of pycnodontiform

fishes (e.g., Kriwet and Schmitz, 2005; Kriwet, 808zab0 et al., 2016; Stumpf et al., 2017).
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Figure captions:

Fig. 1. Reproduction of the original drawing of the logte specimen aByrodus
carentonensi€oquand, 1859 from the upper Cenomanian of Angoel@harente

department, northern Aquitaine Basin, France) (&tvage, 1880). Scale bar equals 1 cm.

Fig. 2. Map and synthetic section showing the geogramuations and stratigraphic
positions (asterisks) @osmodus carentonengiSoquand, 1859) in the type area (Charentes
region, northern Aquitaine Basin). Most of the spems were collected from the lower upper

Cenomanian “Argiles tégulines de Coquand” Formattgpe horizon).

Fig. 3. Cosmodus carentonengiSoquand, 1859) from the type region (Charenteghern
Aquitaine Basin, France). A, B, complete vomerieatdion (MHNLR 2017.10.1) from ile
Madame, Charente-Maritime department, in occlusal/\(A) and close-up occlusal view (B)
of posteriormost teeth showing the detail of thr@aer ornamentation. C—-E, fragmentary
vomerine dentition (MHNLR 2017.10.4) from Nersatiatente department, in occlusal (C),
dorsal (D) and left lateral (E) views. F—H, compl&gft prearticular dentition (MHNLR
2017.10.2) from ile Madame, Charente-Maritime dpant, in occlusal (F), ventrolateral

(G) and dorsolateral (H) views. |, complete righggoticular dentition of juvenile individual
(MHNLR 2017.10.3) from ile Madame, Charente-Margigtepartment, in occlusal view. J,

K, left dentary (or right premaxilla?) (MHNLR 201D.5) from Nersac, Charente department,

in labial (J) and lingual (K) views. Scale bars alqLicm.

30



742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

Fig. 4. Cosmodus carentonengiSoquand, 1859) from localities outside the typgion. A,
subcomplete left prearticular dentition (MA 70-53¢he specimen a€osmodus grandis
Sauvage, 1879) from Seignelay, Yonne departmeahder. B, fragmentary right prearticular
dentition (NHMUK PV OR 43090; type specimen@dbelodus fimbriatu$Voodward, 1893)
from Halling, Kent, England. C, subcomplete lefegmticular dentition (MHNLM
2013.0.2.21) from Coulaines, Sarthe departmentderaD, subcomplete right prearticular
dentition (APVSM unnumbered specimen) from Rouenn&Maritime department, France.
E, subcomplete right prearticular dentition (MGMO2%) from Tiroco, Asturias, Spain. F,
fragmentary right prearticular dentition (MCNA rstgation number pending) from Sébron,

Alava, Spain. All specimen in occlusal view. Sdade equals 1 cm.

Fig. 5. Comparison between the vomerine dentition€asmodusandCoccodusA,

vomerine dentition o€osmodus carentonengreconstruction based on MHNLR 2017.10.1
and MHNLR 2017.10.4). B, vomerine dentition@bccodus armatugeconstruction based

on Poyato-Ariza and Wenz, 2002: fig. 22d). Notedhbtriangular teeth closely arranged in
three rows and the ornamented crowns with a cetiyadession and peripheral bulges. Scale

bars equal 1 cm (A) and 5 mm (B).

Fig. 6. Middle—late Cenomanian palaeogeographic map stpthim distribution oCosmodus
carentonensigred stars) in the epicontinental seas of Wedtemope (after Philip et al.,
2000). This marine pycnodontiform taxon occurs rat@nte-Maritime (1), Charente (2),
Sarthe (3), Yonne (4) and Seine-Maritime (5) innég Kent (6) in England, and Asturias (7)
and Alava (8) in Spain; the possible occurrenc€asmodusn Saxony (eastern Germany) is

not taken into account here.
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767  Table 1. Comparison between the dentitiongGafsmodusCoccodus, Coelodusnd

768  Anomoeodus

Cosmodus Coccodus Coelodus Anomoeodus
(this paper) (after Poyato-Ariza (after Poyato-Ariza (after Kriwet, 1999,
and Wenz, 2002; and Wenz, 2002) 2002; Poyato-Ariza
Kriwet, 2005) and Wenz, 2002)
Mor phology of subtriangular subtriangular suboval contour subcircular to
vomerineteeth contour contour suboval
M or phology of curved drop-shaped suboval to curved transversally sigmoid to curved
prearticular teeth  (comma-shaped) drop-shaped (mediolaterally) drop-shaped
(main row) contour (comma-shaped) elongated (capsule- (comma-shaped)
contour shaped) contour contour
Tooth crown complex, irregular irregular surface smooth or smooth or
ornamentation surface (central (transversal groove, transversal groove transversal groove;
depression, bulges) central depression, teeth occasionally
with wrinkled and  bulges); weak mammilated
rugose texture crenulations and
wrinkles
occasionally
present
Number of three three five five
vomerinetooth
rows
Number of three two three four to eight
prearticular tooth
rows
Number of teeth less than 10 less than 10 10 or more variable (géye
on main tooth row 10 or more)

of vomerine and
prearticular
dentitions
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