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Abstract. Some discoveries from the continental deposits of the paleogeo-graphic landmass named the ‘Hațeg Island’ complete the fossil record of theMaastrichtian fish fauna of Europe. Teeth belonging to the Lonchidiidae andthree morphotypes of Teleostei indet. are reported herein, from the uppermostCretaceous continental formations cropping out in the Hațeg and Transylva -nian sedimentary basins of Romania. These fishes document a terrestrialrealm, where various aquatic environments occurred ca. 70 Ma ago, immedi-ately after the ‘Laramian’ (latest Cretaceous) tectonic pulse. It is important tonote the presence of a brackish water shark, reported for the first time in theMaastrichtian deposits of Romania. This advance in research argues for ahigher Cretaceous fish diversity in Transylvania than previously suggested.Therefore, the ecology of the ancient vertebrate communities is better docu-mented with elements unknown so far.  Key words:
latest Cretaceous, vertebrates,
Lonchidiidae, fish teeth, Romania.

Апстракт. Фосилни проналасци из континенталних наслага палеогео -графског копна под именом „Hateg острво“ употпуњују познавање рибљефосилне фауне мастрихта у Европи. У раду су приказани зуби из фами -лије Lonchidiidae и три морфотипа Teleostei indet. из највиших деловакредних континенталних формација откривених у Hateg-у и трансилва -нијском седиментационом басену Румуније. Ови рибљи остаци указујуна копнену средину са разноврсним воденим басенима пре око 70милиона година, одмах након Ларамијске (каснокредне) тектонске фазе.Важно је напоменути проналазак бочатне ајкуле која је први путдокументована у мастрихтским наслагама Румуније. Ово откриће указујена већи кредни диверзитет риба у Трансилванији него што се до садасматрало. На овај начин пружа се бољи увид у екологију некадашњихзаједница кичмењака са подацима који нису до сада били познати.
Кључне речи:
горња креда, кичмењаци,
Lonchidiidae, рибљи зуби,
Румунија.



Introductionduring the latest Cretaceous (Maastrichtian), as aresult of the ‘Laramian’ tectonic pulse, in the occiden-tal and Southern Carpathians of Romania thrustingnappes occurred, erecting the Western Transyl-vanids, the Getian and Supra-Getian nappes (SăN -duLESCu, 1984). as a consequence, islands emerged inthis region of the Tethys ocean. among them, theEastern Tethyan ‘Hațeg Island’ is of great interest forgeology and paleontology, mainly due to the peculiarvertebrate communities (NopCSa, 1905, 1914, 1915,1923; CodREa & GodEfRoIT, 2008; CodREa et al., 2010a,2010b, 2010c, 2012; WEISHaMpEL et al., 2010; CSIkI-SaVa et al., 2015, 2016, SoLoMoN et al., 2020). Thislandmass has been estimated to cover a surface ofaround 80.000 km2 (BENToN et al., 2010); however,clear evidence documenting this paleogeographicpattern concerns is still meager, because one maysuspect that at least a part of the once continentalsedimentary deposits was eroded. Therefore nowa-days, the related deposits are clearly noticeable onlyin a few sedimentary basins like Rusca Montană (Co-dREa et al., 2012, 2017a), Hațeg and the southwesternarea of the Transylvanian one (CodREa & dICa, 2005,SoLoMoN et al., 2020 and references therein), as wellas in its western and northwestern sides, at Iara(popESCu-VoITEșTI, 1936; CodREa et al., 2010c) and So -meș–odorhei (NopCSa, 1905; CodREa & GodEfRoIT,2008). one may presume that similar deposits couldalso be present in the Zlatna sedimentary basin, butMaastrichtian vertebrate fossils have not been foundin this area until now (CodREa & dICa, 2005). In fact,partly, the actual apuseni Mts. had already emergedin Maastrichtian and were probably part of this ‘is-land’, perhaps including areas that are now parts ofthe basement of the Cenozoic pannonian Basin. Butthe presumed related deposits were probably re-moved by subsequent erosion that could have restric -ted these latest Cretaceous deposits to small patches.Consequently, such terrestrial deposits were nevercrossed by drillings in the Romanian eastern marginof the pannonian Basin or in its related sub-basinslike Baia Mare, șimleu, Vad–Borod, Beiuș, Zărand etc.(paRa SCHIV, 1975; MuTIHaC & MuTIHaC, 2010).Terrestrial deposits related to this ‘Hațeg Island’yielded particularly diverse assemblages of Maas-

trichtian vertebrates. The most iconic areas rich infossil vertebrates are the Hațeg basin and the south-western embayment of the Transylvanian basin,known as the Metaliferi sedimentary area (CodREa& dICa, 2005; SoLoMoN et al., 2020) (fig. 1). Numer-ous teeth and bones already processed were assignedto amphibians, lizards, dinosaurs, pterosaurs, croco-diles, turtles, birds and mammals (e.g., NopCSa, 1905;dELfINo et al., 2008; CodREa & GodEfRoIT, 2008; CodREaet al., 2010a, 2010b, 2010c, 2012, 2013, 2014, 2017b;VaSILE & CSIkI, 2011; ŐSI et al., 2014; GRELLET-TINNER &CodREa, 2015; CSIkI-SaVa et al., 2015, 2016; SoLoMoN etal., 2020). In other regions, the fossils are still scarce,but the outcrops of these areas were and still are lesssurveyed by paleontologists (e.g., Iara in Cluj County,where a single dinosaur bone was discovered; CodREaet al., 2010c, and related references).

among these Maastrichtian vertebrates, the findsof fish remain in the territory of modern Romaniaare restricted to teeth and scales, due to specifichydro-taphonomy (CSIkI et al., 2010). Teeth, due totheir chemical composition and its resistance insuch cases are the only remains found. until now,there is not even a single location where fish skele-tons could have been preserved. Consequently, onlyLepisosteidae and some Characiformes remains
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Fig. 1. Geographical map of the vertebrate localities where the
studied material originates from. After GReLLet-tinneR et al.
(2012), modified.



were illustrated and shortly discussed (e.g., CodREaet al., 2010a). other reports only listed, but do notillustrate any representative of the recovered taxaand the referred remains. for that reason, any newfind can be useful for reconstructing the Maastricht-ian terrestrial environments.In spite of the taxa we add herein, the general Ro-manian evidence of Mesozoic fossil fish still remainssurprisingly scarce (see TRIf & CodREa, 2018 and ref-erences therein). The material studied herein hasbeen collected from the Maastrichtian locality fromthe Hațeg Basin, Vălioara, as well as from the Metali -feri sedimentary area of the Transylvanian Basin, inthe locality oarda de Jos a. at Vălioara the sedimentconsists of greenish-gray clay that is part on the in-fill of a fluvial channel, while at oarda a the sedi-ment is represented by marls and white-gray claysfrom a fluvial oxbow channel that likely had a sea-sonal activity (CodREa et al., 2010a, SoLoMoN et al.,2020). The locality Vălioara exposes the densuș–Ciula formation (GRIGoRESCu & aNaSTaSIu, 1990),while in the Metaliferi area, oarda de Jos a exposesthe șard formation (CodREa & dICa, 2005; CodREa etal., 2010a; SoLoMoN et al., 2020). 
Material and methodsThe fossils refer exclusively to isolated teeth. Thematerial is stored in the Babeş-Bolyai university, pa-leontology-Stratigraphy Museum in Cluj-Napoca (ab-breviated hereinafter, BBupSM). The photographswere taken with a Nikon d7000 camera mounted ona Nikon SMZ 1000 binocular microscope. The SEMimages have been produced with the support of theRoyal Belgium Institute of Natural Sciences in Brus-sels (abbreviated, RBINS). In order to obtain the ma-terials, the sediment was processed by screen-wash-ing of sediment with 0.5 mm and 0.3 mm sieves. forthe quantities of material processed see the compre-hensive part in the discussions section. 
Systematic paleontologyClass Chondrichthyes HuxLEy, 1880Subclass Elasmobranchii BoNapaRTE, 1838

Cohort Euselachii Hay, 1902order Hybodontiformes MaISEy, 1975Superfamily Hybodontoidea oWEN, 1846family Lonchidiidae HERMaN, 1977
cf. Lissodus sp. sensu BrougH, 1935fig. 2a–E

Material. one fragmentary tooth (BBupSM V697).
Locality: Vălioara, Hunedoara County, Romania.
geological age and formation: Maastrichtian,densuș–Ciula formation.
Description. The tooth is small. It reaches 3.4 mmin the mesio-distal direction and 1.8 mm labio-lin-gually. The specimen comprises a central, wide andlow pyramidal cusp. a well-defined mesio-distal cut-ting edge is noticeable along the entire length of thecrown from which smaller, secondary ridges diverge,but never reaching the edge of the crown. The centraltransverse ridge is better highlighted compared tothe others. The labial margin of the tooth forms awell-defined apron. The labial face bears a central at-trition, which is possibly caused by the adjoiningtooth’s lingual apron. The whole root is missing. 
remarks. The Hybodontoidea superfamily andthe component families were subject of repeated re-assessments. Several attempts have been made overthe time to clarify issues related to its taxonomy (e.g.,duffIN, 1985; REES & uNdERWood, 2002; doRka, 2003).The Vălioara fragmentary tooth shares manysimilarities in its external morphology to those pre-viously assigned to Lissodus. The genus is known atleast from the Early Triassic until Maastrichtian(CappETTa, 2012), although some authors mention

Lissodus occurring since devonian (e.g., GINTER et al.,2002). a similar genus, Lonchidion, is sometimesconsidered as a junior synonym to Lissodus (CaSE &SCHWIMMER, 1988). However, REES & uNdERWood(2002) and CappETTa (2012) considered it as a validone. a single Maastrichtian species, L. babulskii Cap-pETTa & CaSE, 1975 was initially assigned to Lonchid-
ion but later CappETTa (2012) argued that L. babulskiidoes not correspond to the emended diagnosis of
Lonchidion coined by REES & uNdERWood (2002) andis closer in fact, to Lissodus. The Vălioara specimenresembles L. babulskii in general morphology, but itdiffers by the presence of secondary divergent
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ridges that are closer to those in the Jurassic species
L. leiodus (WoodWaRd, 1887).
Class actinopterygii kLEIN, 1885

Actinopterygii indet., morphotype 1fig. 3a–B
Material. a single anterior tooth (BBupSM V806).
Locality. oarda de Jos a, alba County, Romania.
geological age and formation. Maastrichtian,șard formation.
Description. a very small tooth, with a height of2.4 mm, a mesio-distal width of 0.9 mm and a max-imal labio-lingual thickness of 1 mm is available forstudy. The upper part of the tooth crown is wide,while the lower portion narrows and is peduncle-like shaped, with a mesio-distal width restricted toonly 0.55 mm.The lingual face is concave while the labial one ison the opposite, slightly convex. The apical margin of

the tooth is sharp and straight. The tooth is symmet-rical both in labial and lingual views. In the basalview, we can notice the pulp cavity, a relatively ovaldeep hollow. The base of the peduncle is perpendicu-lar to the crown axis, forming a “buttress”. The ena -mel exposes very small, elongated holes in the upperpart of the crown, which form a reticulated surface.
remarks. The morphology of the specimenBBupSM V806 is similar to the Cenozoic Sparidae(see CappETTa, 1969, pl. xxI, figure 26–30; BauZá-RuL-LáN, 1981, pl. 1, figure 1–3; SCHuLTZ, 2013, pl 67, figu -re 2–5; fRICkE et al., 2016, figure 6). The morphologyis strikingly similar including the reticulated surfaceof the upper part of the tooth (fig. 3d–G). Therecords of the Mesozoic Sparidae are uncertain.Sparidae indet. were reported indeed, from theCampanian of france (BuffETauT et al., 1996), andthe Maastrichtian of the same country (LauRENT etal., 1999; LauRENT, 2003). However, later they werecontested and it was suggested that the molariformteeth belong to the paralbulinae (BLaNCo et al.,2017). The specimen is also similar to premaxillary
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Fig. 2. Lonchidiidae, cf. Lissodus sp., Maastrichtian, Vălioara, Hațeg: BBUPSM V697 in A, apical; B, labial; C, lingual and D–E, mesial
views. E, the arrow indicates a central contact zone. Scale bar is 1 mm.



(incisor-shaped) teeth of pycnodont fishes (see kRI-WET, 2001, figures 2 and 3; SWEETMaN et al., 2014, fig-ure 10B). However, since these premaxillary teethcarry little diagnostic information for the pycn-odonts, they are rarely figured so we cannot get avery clear image of their detailed morphology. Weconsider it more prudent to allocate this tooth onlyat the class level.
Actinopterygii indet., morphotype 2fig. 4a–E

Material. Two pharyngeal teeth (BBupSM V803-804).
Locality. oarda de Jos, alba County, Romania.

geological age and formation. Maastrichtian,șard formation.
Description. The teeth are strongly flattenedand asymmetrical. Their sizes are similar to one an-other, 0.8 mm wide and 1 mm high. as the orienta-tion of the tooth is unclear, we associate the concaveside to the posterior orientation and the convex sideto the anterior one. The general ‘hook’ shape sug-gests an affinity with the pharyngeal teeth found inmany fish species. 
remarks. The morphology described is verysimilar to the morphotype 1 of the Teleostei indet.illustrated from the Santonian deposits of Hungary(SZaBó & ŐSI, 2017, figure 15a–b). Their interpreta-tion of the morphology is similar, suggesting a pha-ryngeal position of the teeth. 
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Fig. 3. Actinopterygii indet., morphotype 1, Oarda de Jos: BBUPSM V806 in A, lingual and B, distal views; C, detail of the surface (SeM
images); Diplodus sargus, extant comparative material: in D, lingual, E, distal, F, labial views; G, detail of the surface. Scale bars are 1
mm for A, B, D, e and F and 0.2 mm for C and G.

Fig. 4. Actinopterygii indet., morphotype 2, Maastrichtian, Oarda de Jos, transylvanian basin: BBUPSM V803, in A, labial, B, lingual
and C, ?distal (B) views; BBUPSM V804, in D, labial and E, lingual views. Scale bars are 0.5 mm.



Actinopterygii indet., morphotype 3 fig. 5a–C
Material. one isolated tooth (BBupSM V807).
Locality. oarda de Jos, alba County, Romania.
geological age and formations. Maastrichtian,șard formation.
Description. The tooth is peculiar through itselongated, relatively narrow crown that forms acrest composed from an asymmetrical central cuspand three smaller cusps that progressively decreasein height, distally. In apical view, there can be ob-served another secondary cusp located in the ante-rior part of the tooth. It was worn down (as was themain cusp too) by the functional wear. on the lin-gual side a horizontal facet is present (fig. 4M). Thiskind of surface has been described before (GaudaNT& SMITH, 2008) as a lingual cingulum.

remarks. The discussed tooth has a vague resem-blance with some Characiformes teeth. The presenceof Characiformes in Maastrichtian has been reportedfor the first time in Romania and in Europe in 1985,when an isolated tooth from pui was identified by H.Cappetta as belonging to Characidae indet. (in GRIG-oRESCu et al., 1985). only a few other reports men-tioned or illustrated this taxon from Romania, butthey are all lacking of a detailed discussion (CSIkI etal., 2008; GRIGoRESCu et al., 2010; CodREa et al., 2013).Moreover, the original material from 1985 was sub-sequently lost (GRIGoRESCu et al., 2010, p. 146). The

poor state of preservation does not allow us the tax-onomic allocation even at the level of order. We onlynotice the similarity with Characiformes but we re-frain from more precise identification.
Discussionsafter some additional field missions, we are nowable to document new fish taxa, based on some iso-lated teeth as follows. Now, we are able to documentthe presence of Lonchidiidae in the Hațeg Basinbased on the first find of a shark in the Maastricht-ian deposits of Romania. additional undeterminedteleost fishes are also reported and illustrated.These data indicate a fish diversity richer than it hasalready been known. Even if we take into consider-ation the material exposed herein, the overall fish

diversity in the ‘Hațeg Island’ still remains ex-tremely scarce. We need to emphasize the scarcityof Maastrichtian fish remains (other than Lep-isosteidae) in this area. from the locality oarda deJos a, were processed more than 2.8 tons of sedi-ment (CodREa et al., 2017a) and in addition to sev-eral hundreds of remains of teeth and scales ofLepisosteidae only the above-described specimenswere found. Several other hundreds of kilogramswere further processed in the next years. In addi-tion, from the other localities with Maastrichtiancontinental deposits, large quantities of sediment
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Fig. 5. Actinopterygii indet., morphotype 3, Maastrichtian, Oarda de Jos, transylvanian basin: BBUPSM V807, in A, labial; B, lingual
and C, apical views. Scale bar is 1 mm.



have been processed too (1000 kgs in CodREa et al.,2012; 150 kgs in CodREa & SoLoMoN, 2012; 900 kgsin CSIkI-SaVa et al., 2016; 750 kgs in CodREa et al.,2017b) but no other remains a part of the Lepiso -steidae and Characiformes were reported.Compared to the Hungarian Santonian fauna(SZaBó & ŐSI, 2017), or to the Maastrichtian faunasof france (BLaNCo et al., 2017) and Spain (BERRE -TEaGa et al., 2011), the Romanian fish fauna of simi-lar geological ages seems to be less diverse by thepresent knowledge. This scarcity makes it difficultto establish clear trophic relationships betweenfishes. The abundance of gar fishes from the familyLepisosteidae (CSIkI et al., 2008; GRIGoRESCu et al.,2010; CodREa et al., 2013) makes their autochtho-nous status probable, with a possible secondary re-lationship to a nearby marine environment (e.g., theextant species of Atractosteus are known to visit fullmarine waters according to NELSoN et al., 2016). although, at a first glance, the presence of theLonchidiidae shark tooth might raise questionsabout the ancient physiography of the so-called‘Hațeg Island’, it should be noted that many generafrom the Hybodontoidea including Lissodus havebeen related to a brackish, fluvio-marine environ-ment, such as the deltaic domains, or the estuarineand even freshwater environments (BENdER & HaN-Cox, 2004; REES & uNdERWood, 2006, 2008). There-fore, the presence of this shark in Vălioara is notsurprising, considering the euryhaline living envi-ronment characteristic of this family. The habitat and trophic relations of the other fishelements are unknown. one possibility is that theLonchidiidae and other components of this paleo-community are anadromous fishes that went up-stream into freshwater rivers and the related lakeswhen their flow increased seasonally or occasion-ally. This could account for the rarity of this kind ofremains. another possibility might be that theywere pray for various larger vertebrate taxa, likepiscivorous birds or pterosaurs. apart from this re-port, only one other representative of the Lonchidi-idae, Lissodus sp. has been found in Romania in theMiddle Triassic (anisian) of Lugașu de Sus in littoral,shallow marine environments (poSMoşaNu, 2015). However, hybodont sharks are mentioned also inSouthern Carpathians, in the Reșița-Moldova Nouă

sedimentary area (MuTIHaC & IoNESI, 1974), in aninaarea (dICa & CodREa, 2006). They referred to Hybo-
dus sp., based on five isolated teeth (BBupSM V 416– V 420), found in the Steierdorf formation, uterișMember (pliensbachian), in bituminous shales.These sharks inhabited the waters of an intra-mountain sedimentary basin that occurred in thearea, during the pliensbachian-Toarcian crisis (dERaet al., 2011, 2016).  In the context of this geological find – continentalfreshwater sedimentary deposits – the Characi-formes also seem to be an autochthonous taxon, asthe large majority of the extant Characiformes fos-sils are confined to fresh waters (NELSoN et al.,2016). previously considered to be carnivorousfishes (GRIGoRESCu et al., 2010), we appreciate thatfor instance there is no direct evidence of the diet ofthe latest Cretaceous Characiformes from Romania.Indeed, many of the Characiformes are carnivorous(NELSoN et al., 2016), but there are also some of themwith a diet based in dominance on algae, that alsohave sharp multicuspidate teeth (e.g., Hyphesso-
brycon copelandi, H. piorskii or Ctenobrycon haux -
wellianus and C. oliverai; BENINE et al., 2010; RaMíREZet al., 2015; GuIMaRãES et al., 2018). 
Conclusionsfor the Maastrichtian ‘Haţeg Island’ based onvarious fish dweller taxa, we reconstruct a terres-trial area with diverse aquatic environments. Someof the fishes were possibly anadromous taxa comingfrom brackish environments or even from the openmarine realm. The presence of the hybodont sharkin the deposits of the densuș-Ciula formation couldnot be accidental. We may think about its vicinitywith the Tethys Sea margin, as far we know that inRusca Montană basin there were mangrove plantcommunities (pETRESCu & dușa, 1970, 1980, 1982)and palms on swampy terrains (popa et al., 2014,2016) similar to an island flora. It is less probablethat this shark will be recorded in the sediments ofthe Sânpetru formation or in the ones from pui, inthe so-called ‘Bărbat Beds’ (THERRIEN, 2005), bothbeing considered as having once much more inlandpositions. 
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Резиме

Нови подаци о мастрихтским рибама
,,Hațeg” острва Острво ,,Hațeg” у некадашњем источном Тети -су је од великог интереса за геологију и палеон -тологију због очуваних необичних заједницакичмењака. Процењује се да је ова копнена масапокривала површину од око 80.000 km2. Овде супронађени бројни остаци зуба и костију за којеје утврђено да припадају водоземцима, гуште -рима, диносаурима, птеросаурима, крокодили -ма, кор њачама, птицама и сисарима. Насупротовим таксонима, остаци риба су изненађујућеретки. Проучавани палеонтолошки материјал јеприку пљен на мастрихтским локалитетимаVălioara у ,,Hațeg” басену и oarda de Jos a који сена лази у трансилванијском басену. На локали -тету Vălioa ra, мастрихтски седименти densuș-Ciula форма ције представљени су зеленкасто -сивим глинама које представљају испуну флу -вијалног канала, док су на локалитету oarda deJos a наслаге изграђене од лапораца и белосивихгли на које потичу из некадашњег канала који јевероватно био само сезонски активан и састав -ни су део șard формације.
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По први пут је у ,,Hațeg” басену докумен -товано присуство зуба из фамилије Lonchidiidaeшто представља први проналазак бракичнихајкула у мастрихтским наслагама Румуније. Овафамилија је карактеристична за бочатно, флу -вио-маринско окружење као што су делте иестуари, па чак и слатководне средине, и пред -ставља еврихалин ску врсту. Такође, документо -вани су и приказани остаци неутврђених

кошљориба. Ови подаци указују на богатијурибљу разноврсност него што се то до садасматрало. У поређењу са мађарском сантонскомфауном, или са фауном из мастрихта Францускеи Шпаније, румунска рибља фауна показује мањуразноликост.
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