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ABSTRACT

The presentpapergives a survey of Late Jurassicfishes from Portugal
andSpain.Forthe first time4w completeichthyofaunaof theGuimarotacoal
mine in centralPortugal is presented.Ihe material consistsof isolated teeth,
placoidscales,fin andhead-spinesof elasmobranchs(Asteracanthus,Hybodus,
Polvacrodus,Scyliorbinidae,Rajiformes) and isolatedteeth, jaw elements,
cranial andpostcranialmaterialof actinopterygians(Semionotiformes,Pycno-
dontiformes,Macrosemiiformes,Ionoscopidae,Amiiformes, Pachycormifor-
mes,Actionpterygii ¡ndet.).The materialis datedasearlyKimmeridgian.New
materialfrom the marineLateJurassic(Oxfordian to Tithonian)of thecentral
Ibcrian Chainis briefly described.It consistsof isolatedteeth andscales.Neo-
selachians(Nótidanoides,Squalogaleus,Squatina,7Heterodontus,Orectolo-
biformes,Scyliorhinidae,Rajiformes)andactinopterygians(Ionoscopidae.Ca-
turidae, Aspidorhynchiformes)are reportedfor (he first time in the LateJurassic
of (hecentralpanof the IberianBasin.

Key Words: Elasmobranchii,Actinopterygii. Late Jurassic,Portugal,
Spain.CentralIberianChain.

241



.1. Kriwet Late JurassicElasmobranchandActinopteíygianfishes...

RESUMEN

Los resultadosobtenidossobrelospecesdel JurásicoSuperiorde Portugal
y Españase plasmanen estetrabajo.Porprimeravezse presentaen su totalidad
la faunaictiológica del Kimmeridgienseinferior de la minade carbónde Gui-
marota,enla partecentralde Portugal.El materialanalizadoconsisteen dien-
tes aislados,escamasplacoideasy espinasde aletasy cráneosde elasmobran-
quios (Asteracantluís,Hybodus,Polyacrodus,Scyliorhinidae,Rajiformes)y
dientesaislados,elementosmandibularesy materialcranealy postcranealde te-
leósteos(Semionotiformes,Pycnodontiformes,Macrosemiiformes,Jonosco-
pidae,Amiiformes,Pacbycormiformes,Actionpterygii indet.).

Tambiénsedescribeel materialencontradodel JurásicoSuperiordel Sec-
tor Centralde la Cordillera Ibérica. Elasmobranquios(Notidanoides,Squalo-
galeus,Squatina,?Heterodontus,Orectolobiformes,Scyliorbinidae,Rajifor-
mes)y pecesóseos(Ionoscopidae,Caturidae,Aspidorhyncbiformes)se dana
conocerenestazonapor primeravez.

PalabrasClave: Elasmobranchii,Actinopterygii,JurásicoSuperior,Por-
tugal,España,CordilleraIbérica.

RESUMO

Apresenta-seumavisáogeraldos peixesdo JurássicoSuperiorde Portugal
e do NordestedeEspanha.Peíaprimeiravezé abordadaa ictiofaunacompleta
da Mina de carváoda Guimarota(Portugalcentral).O material consisteem
dentesisolados,escamasplacóides,barbatanase espinhasda cabe~ade Elas-
mobránquios,dentesisolados,elementosda maxila, materialcranianoe pós-
cranianode Actinopterígios.O materialestádatadodo Kimeridgianoinferior.
Material novo do iurássicosuperiormarinho(Oxfordianoa Titoniano)da Ca-
deiaIbéricacentralé descritosucintamente.Neoseláquiose Actinopterígiossáo
apresentadospeíaprimeira vezno JurássicoSuperiorda BaciaIbérica.

1. INTRODUCTION

Tbe Jurassicperiodwas an importantstagein the evolutionandpaleogeo-
graphicdistribution of fishes.In this time, the neoselachiansharksbeganto ra-
diateandthe first teleostssensustricto appeared(Arratia, 1996).At the endof
the Jurassicandthe beginningof the Cretaceous,elasmobranchandactinop-
terygianfaunasof moderncharacterdeveloped,leadingto living groups.

NumerousmarineJurassicfish localitiesareknownfrom alí overthe world
(Schaeffer& Patterson,1984; Arratia, 1996).However,only afew show adi-
versifiedfaunawith articulatedandwell-preservedspecimens.Amongstthese,
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more or less articulatedand well-preservedskeletonsof Jurassiesharksand
bony fishes areknown from (heEarly Jurassicof Lyme Regis, southernEn-
gland,the JurassicPosidoniaShaleof southernGermany,andthe LateJurass¡c
litbographiclimestonesof SolnhofenandNusplingen,southernGermany,and
Cerin, France.Additionally, Late iurassiccompleteshark specimenshave
beenfound in the Portíandianof northernFrance.Specimensfrom alí theselo-
calitieshavebeenimportantfor refereneeandcomparisonin the descriptionof
isolatedmicrovertebrateremains,especiallyteeth(e.g.Thies, 1983; Mudroch&
Thies, 1996; Kriwet eta!., 1997).Although thereexistsa rathervastliterature
on isolatedfish teeth,especiallyof sharks,from severalcountries,LateJurassic
fisbesfrom the IberianPeninsulawerescarcelyreported,mainly from Portugal
(cg. Sauvage,1897-98).Much more is known aboutEarly andLateCretaceous
fishes(e.g.from Portugal;.Jonet,1981)andnorthernSpain(e.g. Poyato-Ariza
& Wenz, 1990; Poyato-Arizaeta!.,Ms.). The aim of (his paper is to give an in-
troduction to Late Jurassicfishes from 4w Guimarotacoal mine (Portugal)
andto LateJurassicfish remainsfrom the centralIberianChain,NE-Spain.A
detailedsystematicdescriptionanddiscussionis beyondthe scopeof this paper
andwill be presentedelsewhere.The Portuguesefisb materialwill be housedin
theInstitute of Palaeontologyof the FreeUniversity in Berlin, Germany,under
thenumbersIPFUB-Gui Fía andIPPUB-GuiAct, theSpanishmaterialwill be
depositedafter its final detaileddescriptionatthe University of Zaragoza.

2. GUIMAROTA COAL MINE, PORTUGAL

The Portuguesefish materialfor this stndycomesfrom the LateJurassie
undergroundcoal mine of Guimarota(Rg. la, b), which is currently shut
down. It is situatednearthe village of Leiria in Central-Portugal.It was disco-
veredin 1959 by WC. Kúhne (Berlin) as a vertebratelocality whenstill ope-
rating as a mine. Poracompletehistorical overview seeKrebs(1991)andfor
thegeology,Henkel& Krusat (1980).

Two coal seamswereexposedin the underground,beingminedfor paleon-
tological purposesonly (Krebs, 1988).The lower coal seamyieldeda rich ver-
tebratefaunaincluding alí majorcladesof vertebrates.It is especiallyfamousfor
its largestsampleof LateJurassicmammals(Martin, 1997).Between1973 and
1982 this coal seamwasmined,brokenup and carefullyexaminedfor vertebra-
te remainsby the staffof the Institute of Palaeontologyof the Free University,
Berlin. The hermeticallywrappedspecimenswerepreparedin 4w laboratoryme-
chanically. Other sampleswere screenwashed.Unfortunately,articulatedre-
ma¡nsarequite rare.Mammaliansarerepresentedby thousandsof isolateteeth,
sornehundredjaws,someskulls andtwo articulatedskeletons.AII otherverte-
brates(fishes,amphibians,laceltilians,turtíesand archosaurs)are representedby
disarticulatedor isolatedremains.Coalsseamsaredatedasearly Kimmeridgian
on the basisof ostracodes(Helmdach,1971)andcharophytes(Schudack,1993).
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Fishremains

CHONDRICHTHYES

a) Hybodontiformes

Hybodont sharksare the predominantelementof the Chondricbthyan
fauna.They are representedby aboutfive hundredisolatedteethandplacoid
sealesandatleastonedozenfin andseveralheadspines.The largesthybo-
dont in this fauna,Asteracanthusb(formatusKriwet 1995,is known from a
single fin spinewith typical star-like tubercíes,oneratherlargeoral toothand
oneheadspine(Plate1, Fig. 1,4). This speciesis the only representativeof
Asteracanthus.The genusHybodusis representedby isolateandmostly frag-
mentaryteeth,andseveralfin spines(Plate 1, Fig. 2, 3). The stateof preser-
vationof the teethdoesnot allow anyspecificdeterminationatthe moment.
However, two differentgroupsare recognizedwithin the assemblage.The
first groupis characterizedby its rathermassiveandtumid teethwith rather
high lateralcusplets.Teethof the secondgrouparehigh-crownedwith síender
principal euspsandvery low lateralcusplets(Plate 1, Fig. 8). The Polyacro-
dontidaearerepresentedby about250teethof 2 or 3 speciesof Po!yacrodus
(Plate 1, Fig. 5-7). The teethof Polyacrodusdiffer from thoseof Hybodusin
thepossessionof amoretabularroot,whichprojectslinguo-basally(Duffin &
Ihies, 1997).Sincethereis alot of tooth materialof nearlyalí toothpositions
within (he jaws (anteriorto posterior),it is possibleto reconstructthe dentition
of thesesharks.Somefin spinesmay be attributedto this genus.Astonis-
hingly, no Lissodusspecieshavebeenfoundso far. Thereare five teethof un-
certain affinities. Tbeir morphologyis rajiform-like, but the enameloidul-
trastructure,which is very ¡hin andconsistsof asingle-cristallitelayer,shows
it tobeabybodont(Plate 1, Fig. 9-10).

Fío. 1.—a. Geographicaldistributionof theinvestigatedLate Jurassicarcas.h. Geographicalposition
of ¡he Guimarotacoal mine (centralPortugal).e. Geographicaldistributionof LateJurassicsectionain
thecentralIberia,,Chal,,OlE-Spain): 1. Veruela;2, Ricla; 3. Tosos;4. AguiJón;5. Moneva:6. Bananco
de la Estacas;7. Alcaine: 8. Gallipuén;9. Calanda;10. Torrevelilla; 11. Ráfales;12. Galve; 13. Salsa-
della; 14. La Foya; 15. Cedrillas; 16. FríasdeAlbarracin; 17. Moscardón;18. Jabaloyas;19. Arroyo Ce-
rezo;20. Hontanar;21. Riodeva;22. GrajadeCampalbo;23. Villar deArzobispo;24. Loriguilla; 25. Sot
deChera.
Fío. i.—a. Situación geográficade las áreasestudiadasdeJurásicoSuperior.h. Situacióngeográfica
de la mina decarbóndeGuimarota(Portugal).e. Situacióngeográficade lasáreasestudiadasen el Sec-
torCentralde la CordilleraIbérica (NE-España):1. Veruela;2. Ricla; 3. Tosos;4. Aguilón; 5. Moneva;
6. Barrancode la Estacas;7. Alcaine; 8. Galliptién; 9. Calanda;10. Torrevelilla; 11.Ráfales; 12. GaNe;
13. Salsadella;14. La Foya; ¡5. Cedrillas; 16. FríasdeAlbarracin; 17. Moscardón: ¡8. Jabaloyas;19.
Arroyo Cerezo;20. Hontanar;21. Riodeva;22. Grajade Catupalbo;23. villar deArzobispo;24. Lori-
guilla; 25. SotdeChera.
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b) Neoselachil

Neoselachiansarevery rare.Only two teethhavebeenfound to-date.One
mesialtooth was referredto the catsharks(Scyliorhinidae)by Kriwet (1997)
(Mate 2, Fig. 1-2), the otheris apavementtooth of aray (Plate2, Fig. 3-4). A
specific determinationof both is impossible.The scyliorhinid tooth differs
from alí known LateJurassiccat sharkteethand it mayrepresenta quitedif-
ferentform from thoseof FranceandGermany.The ray tooth maybestbere-
ferredto Rajiformesindet.(guitarfishes).

ACTINOPTERYG¡I

a) Semionotiformes

The Semionotiformesare anon-monophyleticgroup.But the termis used
in this paperin its ancientsenseto includeseveralsimilar genera.

Re actinopterygianassociationis dominatedby isolatedremainsof Lepi-
dotes-likesemionotids.Two differentmorphospeciescanbedistinguishedby
the size andmorphologyof teethaudseales.Re smalleroneis representedby
two dentalosplenials(PIafe3, Fig. 5-6), dozensof isolatedteethand severalga-
noid sealeswi(h smoo(hposteriormargins.Reteethof thedentalosplenialare
more or lessstyliform. Re secondmorphospeciesis muchlarger andnot so
eommon.It is documentedby somepartially preservedvomeriandentitions
with tritoral teeth(Plate2, Fig. 6), largeisolatedtritoral teethandratherlarge
ganoid sealeswith smoothposteriormargins(Plate3, Fig. 7-8). An isolated
preopercleis alsoassignedto the Semionotiformes(Plate3, Fig. 3). Additional
isolatedhook-shapedbranchialteethoceur(Plate2, Fig. 7). Thosebranchialte-
eth arereferredto Lepidotesby Mudroeh& Ries(1996)andRies(1989).But
hook-shapedbranehialteeth also oceur in Pycnodontidae(pers.obs.).The
morphologyof the teeth,bonesandscalesis typical semionotidand¡heremains
may belong to LepidotesAgassiz, 1832 or sorneeloesely relatedtaxa. Ne-
vertheless,the genusLepidotesis by no meansamonophyleticgroup.LateJu-
rassicspeciesof Lepidotescompriseat least 19 taxa(Thies,1989).

PLATE ¡—Onímarotafishes.I,4.Asleracanthusb¡formatusKnwet¡995,xl.!; [t,Fín spmne.xl,1. 4,
Headspine,x21. 2. Fin spineof I-lybodus sp., x2,l. 3. Fin spineof Hybodussp.. x2; 5. Polvaerodussp.l.
Tooth in lingual view, x20. 6-7. Polvocrodussp.

2; [6,Tooth in labial view, xIS: 7, Toothin occiusal
view]. 8. Toothof Hybodussp., x20. 9-10.Hybodontiformesinder; 19,Tooth in ocelusalview, x38; 10,
Tooth in lateralview, x38].
LÁMiNA ¡ —RestosdepecesdeGuimarota.1,4.Asteracaníhusbifo;-matusKriwet 1995; [1. Espinade
aleta,xli. 4. Espinacefálica,x21. 2. Espinadealetade I-Iybodussp., x2,1. 3. Espinade aletadeHy-
bodussp., x2. 5. Polyacrodussp.1. vista lingual, x20. 6-7. Polvacrodussp.2; íó, Vista labial, xIS; 7,
Vistaoclusal,xIS]. 8. Hybodu..ssp. Vista labial, x20. 9-10.Hybodontiformesindet.; [9,Vistaoclusal,
x38; 10, Vistalateral,x381.

247 Cuadernos de Geología Ibérica1998. número24. 241-260



./. Kriwet Late JurassicElasniobranchandActinopíervgian~¡shes...

4< 4

4

e.

(iuadernúc cíe Geolcfgío lbéruu
¡99S, adinero24,241-260 248



J. Kriwet Late.JurassicElasmubranchandActinopterygianfis/íes...

b) Pycnodont¡formes

Pycnodontfishesare quiterare.Only afew isolatedteethanda very frag-
mentaryprearticulardentitionhavebeenfound,whichis interpretedas aden-
tition of Pycnodontidaeindee. (cf Coelodusor Proscinetes),since the teeth
showthe typical transversallyelongatedmorphologywith amoreor lesscon-
caveposteriormarginandwith an apicalindent, whichfollows slightly te ou-
tercontureof (he teeth(Plate2,Fig. 5). A]] otherisolatedmo]arifom fish teeth
anda few incisiform andspatulateteeth canalsobeattributedto Pycnodontidae
¡ndet.(cf. Coelodusor Proscinetes)(Plate2, Fig. 8).

e) Macrosemiíformes

Severalisolatetee(hwith typicalmacrosemiidmorphology(styliform tee¡h
with sienderandlong neck,the apexis conicalandbentlingually) arepreser-
ved(compareMudroch & Thies, 1996). Additionallly, an isolateddentalos-
plenial is attributedto the Macrosemiidae(PIafe3, Eig. 4). The dentalosplenial
hasa shallowsymphysis,a ventralconcavemarginandara¡herwell-developed
coronoidprocess.Rereis amoreor lesshorizontalgrooveline of the mandi-
bularcanalpresent.Theteethare styliform andpointed,well-spacedand(heto-
oth apicesarebentlingually. Thesefeaturesarevery similar to thosefound in
MacrosemiusAgassiz, 1844from theLateJurassicof soutbemGermany(Bey-
tram, 1977; pers. obs.).

d) Ionoscopidae(order indet.)

Ionoscopidae(orderindet.) areknown from isolateteethonly. They show
the typical lancet-likemorphologywith acutely pointedapecis.They differ
from thoseof amiids in havingamore conicalapex,which is not arrow like.

PLATE2.—Gulmarotafishesl-2.Seyliorhinidaeinder.;[1,Toothinlabial view,x21; x21; 2,Tooth inba-
satview, x21]. 3-4. Rajiformesindeí,; [3,Tooth in lateralview, x30; 4, Tooth in occiusal view, ‘30]. 5.
Fragnsentaryprearticulardentitionof Pycnodontidaeindet, (cf. Coeludus/Proscineíes),occlusalview,
xl 6. 6-7. Semionotiformesinder, (cf. Lepidotes);[6, Fragmentaryvomeriandentition,x14; 7, Branchial
tooth in lateral view, x491. 8. Incisiform tootb of Pycnodontidaelada. (cf. CoeloduslProscineíes),
lingual view, x27. 9. Teleosteenvertebra,x 18.
LÁMINA 2.—RestosdepecesdeGuimarota.1-2. Scyliorhinidaeindet.; [1, vista labial,x21; 2, Vistaba-
sal,x21]. 3-4. kajiformes inder.; [3,Vista lateral,x30; 4, Vistaoclusal,x30]. 5. PrearticulardePycno-
dontidaeindet. (cf. Coelud,es/Proscine:es),visía oclusal,x. 16. 6-7. Semionotifonnesmdcl. (cf. Lepi-
dotes); [6, Vómer, vista oclusal.x14; 7, Dientelaringeo. vista latera¡. x49]. 8. Diente incisiformede
Pycnodontidaelada. Vista lingual. x27.9. Vértebrade teleósteo.x 18.
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e) Ami¡frrmes

The amiiformfishesare representedby a singledisarticulateandnot com-
pletelypreservedskull, whicb will be describedin detail elsewhere,andisola-
te teeth. The disarticulateskull shows the typical arrangementof the palato-
quadratebones,niorphologyof dentalosplenialsaud two scalesof amiid
morphology(Scbultze,1965)(Plate3, Fig. 1). Additional isolatedarrow-likete-
etb maybe referredfo amiid fishes.

f) Pachvcormifarmes

Pachycormidfishes seemto be rare.Only few teeth of them havebeen
found so far. Theyare moreor lessconicalandarecompressedlabiolingually.
Theneckbearsstrongvertical ridges.Sincethe teeth arerathersmall, theyare
attributedtentativelyto SauropsisAgassiz,1832.

g) Actinopteíygiiindet.

About a dozenvery smalldentalosplenialswith acutelypointedteetbhave
beenrecovered.At the moment,it is impossibleto attributethemto anyacti-
nopterygianorder.There is also a fragmentary,so far unidentifieddentalos-
plenialpresent(Plate3, fig. 2). Teleostsof uncertainaffinity aredocumentedby
isolatedvertebrae(Plate2, Fig. 9).

3. CENTRAL IBERIAN CHAIN, NE-SPAIN

The LateJurassicfish materialof Spaincomesfrom severallocalitiesbet-
ween the cities of Barcelona,Zaragozaaud Valencia in the central Iberian
Range(Fig. la, c). About250 samplesfrom 23 stratigraphicsectionsfrom Yá-
tova(LateOxfordian), SotdeChera(Late Oxfordianto earlyKimmeridgian),
Loriguilla (Early to Late Kimmeridgian)andHigueruelasFm. (Tithonianto Be-
masrnn)werecollectedduringafirsí prospeetingfleid trip in 1996.The studied
sectionsconsistof compactlimestones,marly limestonesandmarísas well as

PLATE 3,—Guimarotafishes.1. Skull elementsof Caturidaeindet., x5. 2. Fragmentarydentatosplenial
of Aclinopterygii indet,, x=,3. Preopercleof Semionotiforn,esindet., x2,fí.4. Dentatosplenialof 7Ma-
croseníiidae,x2,4 5. Left dentalosplenialof Lepidotessp.l, x2. 6. Right dentalosplenialof Lepidotes
sp.. 0,5. 7-8. Scalesof Semionotiformesinde¡. (cf.Lepidotes),xO,6.
LÁMINA 3. Restosde pecesde Guimarota1. Elementosdel cráneode Caturidaeindet.,5.3.Preopércu-
lo deSemionotilorníesindet.,x2,6. 2. DentalosplenialdeActinopteíygii indet.,x

2, 4. Dentalosptenialde
?Macrosemiidae.x2,4, 5. Densalosplenialde cf. Lepidotessp.I,x2. 8. DentalosplenialdeLepidotessp.1,
x2,5. 7.8. EscamadeSemionotiformesmdci. (cf. Lepidotes),xO,6.
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sandylayersof ~<Purbeck»facies.First fisb teethfrom tbesesectionswerere-
coveredby K. Kussius(Berlin) in the courseof her studyof LateJurass¡cos-
tracods.Marly limestonesandmarísfrom Tosos(middle Kimmeridgian),Frí-
as de Albarracín (Oxfordian - Tithonian), Calanda(Oxfordian - middle
Kimmeridgian),Barrancode las Estacas(Oxfordian - lower Kimmeridgian),
Moneva (Oxfordian) and Moscardón(Oxfordian)yieldedmost fish remains.
Thesesíx sectionswill form (he subjectof furtherinvestigations.

The IberianRangeis a large,generallyNW-SEextendingmountainchain
in central-easternSpain.Sedimentationduring the LateJurassicin thceastem
IberianPeninsula,in 11w areaof the Iberian Massif, took place undershallow
marineconditionson wide, gently slopedramps(e.g., Aurelí etal., 1988;Au-
relí, 1991; AureIl & Meléndez,1993).Theserampsopenedtowardsthe Teth-
yanrealm in the east(Maestrazgobasin).M¡nor tectonieeventsat the Oxfor-
dian-Kimmeridgianand at the Jurassic-Cretaceousboundariesresultedin an
uplift of the marginal areasof thesebasins(Aurelí & Meléndez,1993). In
spiteof tUs, the Late Jurassicwas,in general,a tectonicallystableperiod.Ma-
jor transgressiveeventsin theMiddle Oxfordian andthe early Kimmeridgian
openedaconnectionwith te borealfaunalprovincesacross(he Mid iberianse-
away (Soriaseaway)to the northwest(Bulard, 1972; Gómez, 1979; AureIl &
Meléndez,1993).

Gornez& Goy (1979) definedthe Jurassiclithostratigraphicunits for the
centralIberian Chain.Later. Salas(1987, 1989) subdivided4w Late Jurassic
andEarly Cretaceoussedimentsof the centralIberianChain into depositional
sequences.The Late Jurassicsubdivisionswere furthersubdividedinto three
depositionalsequencesby Aurelí & Meléndez(1993): DS.Jl, DS.J2,DS.J3.
Systemstractswere introducedasdescriptiveentities(Aurelí, 1991; Bádenas&
AureIl, 1997).The systemstractsof the OxfordianandKimmeridgianconsistof
six successivedepositionalepisodes;te Tithonian-Berriasiansequencecom-
prisestwo furtherdepositionalepisodes.The depositionalsequenceswereco-
rrelatedwith the lithostratigraphicunits by Aurelí & Meléndez(1990, 1993).
According to theseauthors,4w Yátova Fm. belongsto theOxfordian deposi-
tional sequence(DS.J3.1).TUs unit representsthe highstandsystemstracts
(TST-HST).Sedimentsof theSot de CheraFormationwere ¡aid down duringa
first phaseof a new sedimentarycycle, initiated by an increaseof tectonic
subsidence(Aurelí & Meléndez1990). This unit is interpretedas a lowstand
systemstract. The materialwas depositedon a shallow,restrictedplatformun-
der partly anoxic conditions.Materialsof the Loriguilla Formationbelongto
thetransgressivesystemstract during (he phaseof sealevel rising of the early
Kimmeridgian.A retrogradationof Loriguilla sedimentsontothoseof theSot
de CheraFormationis observed.Both units arereferredto the Late Oxfordian
to Early Tithoniandepositionalsequence(DS.J3.2).A regressivepbaseduring
theearlyTithonianmarksthe endof tbisdepositionalsequenceandtbe begin-
ning of the latter (Tithonianto Berriasian,DS.]3.3).Sedimentsof tbeHigue-
ruelasFm. representthis sequencein this study.
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Most f¡sh materialpresentedin tbis notecomesfrom marly layersof Sotde
Cheraor Loriguilla Fm. T’he mudfor Ihesemartswas accumulatedoffshoreiti
(he middle andinner rampareas(Bádenas& Aurelí, 1997).

The depositionalsetting is mainly interpretedas a low-angledcarbonate
ramp(e.g.Aurelí & Meléndez1990).The depositionalsettingof tbe uppermost
Callovian to the middle Oxfordian was interpretedas an homogenousplain,
which was coveredby shallowwater. In the middle Oxfordianthe seawaterle-
vel roseandopenmarineconditionswith benthic invertebrateswereestablished
on an extensivelow-anglesloperamp.During (he lateOxfordiantwo deltaicfa-
cies arerecognized.TheuppermostOxfordian to lowermostKimmeridgianis
characterizedby sediments,whichwere laid down undersballowwatercondi-
tions in partly restrictedlow-anglerampenvironmentsdueto reactivationof ba-
sal faults at the endof the Oxfordian.A considerablyrise of sealevel during the
earlyKimmeridgianresultedin reestablisbmentof openmarineconditionsat
theedgeof the ramps.At theendof theJurassic,moderatetectonicuplifts re-
sultedin a sealevel falí.

F¡shreniains

CHONDRICHTHYES

Cartilaginousfishes are representedexclusivelyby oral teethandplacoid
scalesof modernsharksandrays (Neoselacbii).Hybodonts(ancientsharks)
havenot beenrecoveredto date.

a) Hexanch¿formes

Hexanchiformsharksaredocumentedby NotidanoidesMaisey, 1986 (Fig.
2). TUs genusis charactenzedby primhive tootb characters(e.g.,very tbick ant)
mass¡vetootb root) andis consideredas a basalform closeto the ancestorstock
of hexanchids(Cappetta,1987).Notidanoidescomprisesthreespecies(Notidanus
muensteríAgassiz,1843; NotidanoidesarzoensisBeaumont,1960;Notidanoides
poc-krandtiWard & Ihies, 1987)andis hithertoknownfrom the Early ant)Late
Jurassicof Switzerlandant) southernGermanyandfrom theEarly Cretaceousof
north-westGermanyandsouthemFrance(Cappetta,1987; Ward& Ihies, 1987).
In NE-Spainit occursin the lateOxfordiauof Moscardón.

b) Squahformes

Squaliformesare representedby teethof SqualogaleusMaisey, 1986 from
tbe earlyKimmeridgian(Plate4, Fig. 1-2). TUs genusoccursin the Middle Ju-
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F¡c.2.—Lateraltoothof Notidanoidessp. from the lateOxlurdianof Moscardón.Lingual view. Scale
bar equals0,5 cm.
Fío, 2—Diente¡ateral de Nolidouoidc,s- sp. del Oxfordiensesuperiorde Moscardón.Vista lingual. Es-
cola = 0,5 cm.

rassieof EnglandandLate Jurassicof Oermany(Thies, 1983; Cappetta,1987).
The Spanishspeciesdiffers significantly from alí hithertoknownspeciesant)
enlargesthe distributionof SqualogaleusfartberSouth.

c) Squatintj=n-mes

Angel sharks(SquatinaDuméril, 1906)are representedby oneimperfectto-
otb from the early Kimmeridgian (Plate4, Fig. 6-7). Unfortunately,teeth of
Squatinashowonly few specificcharactersanddentitionswerevery stableover
time. Therefore,(he Spanishspecimencan not be attributedto anyknown or
new species.

Pi.Áre 4.—Span~shfíshes.1-2. Squalogaleussp.; II, Labial v¡ew,x92; 2, Lingual vxew, x92]. 3. Orec-
tolobiformesmdci. Labial view. x55.4.5~ Scyliorbinidaeindet.; [4,Labial view, x26: 5, Lingual view,
x
32.l 6-7.Squaiinasp.; [6, labial view. xSO; 7, lingual view, x501. 8-9.Rhinobatoideimdci.(cf. Spat-

hobatis/A.s-ícrodernsus);[8,occlusalview. x50; 9, labial view, x501. ¡0. Placoid sca¡eof BatomorphiiLo-
dci.. x 90.11.Placoidsealeof cf. Palaeoscvlhurnsp., xóO. 12. lonoscopussp. Lateralview. x60. 13. Ca-
toros sp. Lingual view, x60.
LÁMINA 4—Pecesde España.1-2. Squalogaleus sp.; [1, Vista labial, x92; 2, Visía lingual, x92.l, 3.
Orectolobifonnesmdcl. Vista labial. x55. 4-5.Scyliorhinidaeindct.; [4, Vista labial, x26: 5, Visía lin-
gual, x321. 6-7.Squadnasp.; [6, vistalabial. x50: 7, vista lingual. x50]. 8-9. Rhinobatoideiindct. (cf
Spaihobatis/Asrerodcrnsu.s);[8,Vistaoclusal,x50; 9, Vista labial, x501. 10. EscaniadeBatomorphii ¡o-
dci., x 90. 11. Escamade cf. Palaeoscylliunssp.. x60. 12. lonoscopussp. Vista latera1,x60. 13. Caíu,-ns
sp. Vista lingual,xñO,
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d) Heterodontíformes

Heterodontidsareprobablyrepresentedby a few, very small teethof pre-
sumablyyoungindividuals.Theseteethlack lateralcuspletsant) haveupright
maincusps.

e) Orectolobformes

Orectolobiformsharksarecommonin theearlyKimmeridgianant) arere-
presentedso far by placoidsealesant) onebrokentooth only (Plate4, Fig. 3).
The placoid scalescan be referredby their outstandingmorphology (Thies,
1995)to thegenusPaloeoscyllium(Plate4, Fig. II). Pa/aeoseylliumis regar-
ded as link betweenthe orectolobiformant) lamniform sharks(e.g. Duffin,
1988). Oneunreotedtooth with its strongmain cusp,onepair of low lateral
cuspletsandwell-pronouncedlabial apronmayrepresentsomekind of orecto-
lobiform shark.

1) Corchorhiníformes

Carcharhinidsharksare representedby exceptionallywell preserved
teethof cat sharks(Scyliorhinidae)from the early Kimmeridgian (Plate4,
Fig. 4-5).

g) Neose/achilindet.

Severaldifferentgroupsof Neoselachiansharksaredocumentedby isolated
tooth crownsor placoidseales.At the moment,theseremainscan not berefe-
rredte anygenusor species.

h) Batomorphii

Guitar fishes are representedby oral teeth of «rhinobatid»morphology
from the Early K¡mmeridgian.Althougb the Rhinobatoideido not representa
monophyleticgroup (Brito & Seret, 1996; McEachranet al. 1996) the term
«rbinobatid»is usedin this paperto expressacertainkind of tooth morphology.
The teeth show eharactersof both Late Jurassie«rhinobatids»Belemnobatis
mb;,~11;x... lOCA ,~.,.4 e n~L:.rí.w1:t.,. lo rx O fl< A. .L.

í’íuuic¡c, ¡oit aI.lu ~pw,iuuw¡¿ í uíuineíe, 1054 (Plate 4, ng. o-Y). /-xL ute iIiU-
ment,it is impossibleto attributetheseteethto oneof theseclosely relatedge-
nera.Someplacoidscalesmay alsobe referredto «rbinobatid»rays (Plate 4,
Fig. 10).
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ACT¡NOPTERYGII

a) Ionoscopidae(order indet.)

Teethof ionoscopidsare rathercommonin the earlyKimmeridgian.They
can easilybe recognizedby their striking morpbologyand their typically or-
namentationof tooth necks(Plate4, Fig. 12). They differ from the similar ca-
turid teethin the lack of an arrow-likeapex.

b) Amilformes

Teethof pelagicpredatorsas Caturidsarevery commonin theearlyKim-
meridgian(Plate4, Fig. 13). They arecharacterizedby their laneet-likemorp-
hology. The toothapicesarearrow-likewith sharplateraledgesandareset off
from the toothneck.

c) Aspidorhynchiformes

Sorneacuteteethwith their well differenciatedtooth apicesant) ornamen-
tatedtooth necksmay be attributedby their overalí morphologyto aspi-
dorhynchids.

4. CONCLUSIONS

Mierovertebrateremains,especiallyof sharksand bony fishesfrom the
Late Jurassicof 4w IberianPeninsula,are still poorly known.Poyato-Arizaet
al. (MS.) give an overview of Late Jurassicfish localities of Spain ant) its
faunalcontents.The new materialfrom severallocalitiesin the centralIberian
Chain (Fig. Ib) enlargesour knowledgeaboutthe distribution of Late Jurassic
fishes.But ¡he investigationof (he new materialis still at its beginningant) the-
refore it is only possibleto drawseveralgeneralconsclusions.

The material from Portugalwas coilectedin an undergroundcoalmine of
early Kimmeridgianage.Most materialcan be referredto the hybodontshark
Polyací~odusor semionotidLepidotes-likeactinopterygians.Polyací-odusant)
semíonotit)sare interpretedas fisheswith greatertoleranceof salinity fluctua-
tions («euryhalineforms»).Exclusivelymarinefishes,like neoselaehiansharks
or caturid, ionoscopid,pachycormit)ant) ichtbyodectidactinopterygiansare
quite rare or missing (e.g.aspidorhynchidfishes)or still not found. The amiid
ant) pycnodontfishesmay alsorepresenteuryhalineforms. TUs fish assem-
blagein associationwith the otherfauna] contents(seeHelmt)ach, 1971 and
Krebs, 1991) ant) the sedimentologicalbackground(seeHenkel & Krusat,

Cuadernos de Geología Ibérica257 ¡998.número24, 24 ¡-26V

-I



.1. Kriwet LateJurassicElasmobranchandActinopte-ygianfishes...

1980)may indicatea restrictet)environmentat 11w edgeof the mannrealmwith
reducedsalinity for the Guimarotacoals.

In 1996, a new projecton Late Jurassicfisbes from the central Iberian
Rangein northeasternSpainwas initiated.The material comesfrom threelit-
hostratigraphicunits (Sot de Chera, Loriguilla andHigueruellasFormation).
Theseunits belongto two depositionalsequences(DS.13.2andDS.13.3),
which rangefrom Late Oxfort)ian to Berriasian.Relatively small selachian
ant) actinopterygiansampleswere collectedfrom marly layers of six sections
(Late Oxfordian to Titbonian). Up to now only few actinopterygianswere
knownfrom four Late Jurassiclocalities from Spain: Lepidotessp. from two
Tithonian localitiesof northeastemcentralSpain;Lepidotessp. from theTit-
bonian-Berriasianof northerncentral Spain ant) Lepidotessp., Aspidorhyn-
chus sp. ant) «Sphaerodus»semiglobususfrom the Titbon¡an-Berriasianof
northemcentralSpain(Poyato-Arizaet al., MS.). AII theselocalitiesareinter-
pretedeitheras freshwateror continentalenvironments.The new Late Jurassic
fish localitiesare interpretedas marine(seecitationsin chapter2). This inter-
pretationis confirrnedby the occurenceof marineostracodes(1<. Kussius,in
prep.).Similarities of thesefish assemblagesare fount) to fish assemblages
from the LateJurassictethyanrealm (France,southernGermany)as well as to
thoseof (he boreal realm (northernGermanyaudEnglant)).Faunalexchanges
betweenthe tetbyanant) borealrealmswere possiblethroughthe mid-Iberian
seaway(Soriaseaway),which was still openduring Late Jurassictimes.
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