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ABSTRACT

The palaeontological area of Algora (Guadalajavifce, central Spain) provides the
largest concentration of vertebrate macroremaingh® Cenomanian of south-western
Europe. The available faunal list for Algora, basedhe analysis of scarce remains
collected in geological surveys carried out moantthirty years ago, was never
updated. Therefore, and despite the great potesittais site to reveal novel
information about the composition of the vertebfatena from the base of the Upper
Cretaceous in the continent, the previous detertimmaf many of the taxa recognized
there is recognized here as inaccurate or erroneogs the identification of two
actinopterygian fishes, a single crocodyliform, biedochelydrid turtldHelochelys
danubinaand carcharodontosaurid dinosaurs) . Recent feaklwampaigns have
provided numerous remains, including those of daumrly represented so far, as well
as others hitherto unknown at this site. The newmdlist proposed here included the
lepisosteoiddbaichthys africanyghe helochelydrid affPlastremys latathe
pleurodiranAlgorachelus peregrinean indeterminate elasmosaurid, a non-eusuchian
neosuchian and a eusuchian crocodyliform, a likblglisaurid theropod and a
lithostrotian sauropod. The study of these taxaigies new information about the
palaeobiogeography and temporal distributions ofesbneages, and increases
knowledge about the poorly-known transition betwdenLower and the Upper
Cretaceous faunas in Europe. This faunal replacemenhich several well-
represented lineages in the uppermost Cretaceawsestablished, is recognized as
strongly conditioned by climate changes that tolakc@ between the end of the Early

Cretaceous and the beginning of the Late Cretaceous
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Keywords Late Cretaceous; south-western Europe; systemdtosial replacement;

dispersal events.

1. Introduction

The palaeontological locality of Algora (CastiliBnanch of the Iberian Ranges,
Guadalajara Province, Castilla-La Mancha, centpali§ Fig. 1) has yielded the main
concentration of Cenomanian vertebrate macroremaamtified in south-western
Europe (Torices et al., 2012; Pérez-Garcia eR@l.6a; Pérez-Garcia, 2018).
Information on the vertebrate fauna from the fatsiges of the European Upper
Cretaceous (i.e. Cenomanian to Coniacian) is exdlghmited compared with those of
both the Lower Cretaceous and the Santonian-Mahs#an interval (Vullo and
Néraudeau, 2008a; Vullo et al., 2009; Torices e8l12; Callapez et al., 2014). The
faunas of both time intervals are radically diffgréBuffetaut and Le Loeuff, 1991;
Weishampel et al., 2010; Csiki-Sava et al., 201%e@a et al., 2015; Pereda Suberbiola
et al., 2015; Pérez-Garcia et al., 2016b; Poyatpafand Buscalioni, 2016). In this
sense, the analysis of the taxa represented mpibermost middle-lowermost upper
Cenomanian locality of Algora has great potenbgbitovide new data on how the
transition between both faunal assemblages occuasadell as to identify patterns of
dispersal in several of the involved lineages.

Although the faunal association of Algora is redagd as exclusive to this region
(Torices et al., 2012; Pérez-Garcia et al., 20M8&;ho et al., 2019), several of the taxa
identified there have not been analyzed in detail now. This is mainly because the
palaeontological activity carried out in this areas not initiated until few years ago.
Thus, the identification of vertebrate remainshia@ €Cenomanian levels of Algora was

reported by Torices et al. (2010) and Segura €2@al0), based on scarce and
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fragmentary remains. These specimens had been fouhd 1980s, when several
geological surveys were conducted. Torices eRall2) described these remains and
proposed a preliminary faunal list, which has re¢bupdated since then. The same
authors described the sediments of these outcnaihe iupper part of the Arenas de
Utrillas Formation as sandy coastal deposits (Aatgschannels) with subtidal and
intertidal events.

Although Torices et al. (2012) indicated that tleetebrate fauna from Algora was
composed of fish, turtles, crocodyliforms and dawas, with Laurasian and
Gondwanan affinities, scarce information was predidbout those taxa. Very few
specimens from Algora were known at that time. Thlusse authors recognized: two
ganoid scales of actinopterygians, one of thenbatable toStromerichthysp., which
was regarded as a probable amiid, and the otreeptssible second taxon, that could
belong to an indeterminate semionotid or lepisddish; two members of Testudinata,
represented by a partial plate of uncertain anatainpiosition, attributable to an
indeterminate helochelydrid turtle (stem Testudinas well as an indeterminate
member of Pan-Pleurodira, identified by scarceoth$gd and generally fragmentary
plates, and recognized as cf. Eupleurodira; agdasteoderms, a cranial element
erroneously attributed to a fragment of the fropéoietal area of the skull (see
Discussion), and scarce partial teeth of an inddateate member of Crocodylomorpha
recognized as Neosuchia indet.; and three thertgmi assigned to
Carcharodontosauridae indet. While the helochelytinitles constitute a lineage
exclusive to Laurasia, being known in both Northe&ima and Europe (Joyce et al.,
2011; Scheyer et al., 2015; Pérez-Garcia et 202@he putative identification of
Stromerichthysp. and of a carcharodontosaurid theropod (bdtier here, see

Systematic discussion), suggested Gondwanan faffiraties (Torices et al., 2012).



100 Cenomanian outcrops with vertebrate remains aa¢ively scarce in south-western
101 Europe. Prior to the discovery of the Algora patgetogical locality, the main

102  fossiliferous regions corresponded to those locatélkde central-western area of

103  Portugal (Buffetaut and Lauverjat, 1978; Jonet,11¥3allapez et al., 2014), in the

104  vicinity of the Spanish city of Oviedo (La Cabarf@fation, in Asturias; Vullo et al.,
105  2009), and in the French region of Charentes (V@@®7). However, the fossils

106 identified in all these areas corresponded to iedlfinds which did not constitute

107  accumulations of macroremains. Algora represenexaaption. For this reason,

108  several excavations have been conducted there 20i&(Pérez-Garcia et al., 2013;
109 2016a). As a result, more than 500 vertebrate macrans, some of them

110  corresponding to isolated bones or partial bonegssotihers being articulated elements
111 (see general taphonomic aspects of the site irc@oet al., 2012; and a detailed

112 taphonomic study of the most abundant taxon frogo#d, the bothremydid turtle

113 Algorachelus peregrinan Pérez-Garcia, 2018), have been extracted.

114 The most abundant taxon at Algora is a turtlelaitable to Pan-Pleurodira. Its

115  belonging to Eupleurodira, previously suggested dmces et al. (2012), was

116  confirmed (Pérez-Garcia, 2017a). It was attribidea new taxon, corresponding to a
117  littoral member of Bothremydida&lgorachelus peregrinalhe lineage of

118  Algoracheluss identified as the oldest pleurodiran clade thathed Laurasia from
119 Gondwana (Pérez-Garcia, 201 7dpgorachelus peregrinhas recently been recognized
120 in middle Cenomanian levels of Portugal (Pérez-@Gagtal., 2017). In fact, the genus
121 Algoracheluss currently not only identified in Europe but@ls both the lower-

122 middle Cenomanian of Palestine, being representéddmrachelus parvaand in the
123 uppermost Cenomanian of Utah, whéatgorachelus tiberts present (Pérez-Garcia,

124  2018). In addition to this coastal form, the rensanha pelagic taxon have been
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identified at Algora (Bardet et al., 2018). It agsponds to a caudal vertebra and the
almost complete pelvic girdle of an elasmosauresioisaur. The only taxa from Algora
that have been analyzed in detail are that littndle, this probably pelagic
sauropterygian, and a lithostrotian titanosaur ievezognized by the largest collection
of this clade identified in a European Cenomanitn(®ocho et al., 2019). The Algora
titanosaur was recovered as sister taxon of thiartapper Aptian or lower Albian
indeterminate form MSNM V7157, a Gondwanan origaving been considered for
this lineage (Mocho et al., 2019). However, assalteof the excavations carried out at
Algora, new remains of other vertebrate taxa thlaabited fresh and brackish waters
(fish and crocodiles), and of terrestrial formsldlebelydrid turtles and theropod
dinosaur), have also been found. These fossils tewaained unpublished until now.
The detailed study of the main remains of eaclhe$e four lineages is carried out here.
The study of these new specimens allows us togaimne of the systematic
attributions performed by Torices et al. (2012)u3hknowledge about the diversity of
vertebrates represented in the main site for tisedtages of the Upper Cretaceous in
south-western Europe is significantly improved. Tinere precise characterization of
each of the lineages recognized at Algora sheddigbtwon how the transition between
the Lower Cretaceous and the Upper Cretaceousdafremuth-western Europe took
place. In fact, several well-represented lineagdbe uppermost Cretaceous
(Campanian—Maastrichtian) sites of Europe, withoadvanan origin, were already
represented in this Cenomanian locality. This fauelacement is related here to the
climate change that took place between the Albrahthe early Cenomanian in the
framework of the major mid-Cretaceous global chahge resulted in global warming

and finally in a first order eustatic rise at thenGmanian-Turonian limit.
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Institutional abbreviations ALG, Algora collection, deposited in the Museo de
Paleontologia de Castilla-La Mancha, Cuenca, SpaiyISM, Sedgwick Museum,

Department of Geology, University of Cambridge, UK.

2. Palaeogeogr aphical framework

The Iberian Basin was one of the Mesozoic basiostéul in the eastern margin of
Iberia, at the westernmost region of the TethybweBuring most of the Mesozoic,
Iberia was settled in a peculiar palaeogeograppiosition between the Atlantic realm,
the western Tethys realm and Africa, and remainacdegd at the northern subtropical
latitudinal belt. During the mid-Cretaceous, Ibexierienced drastic
palaeogeographical changes in the framework of mhajge-scale tectonic, climate and
eustatic variations. The rift to drift transitiomthe Atlantic margin of Iberia at the end
of the Early Cretaceous, a drastic climate changmg the early Albian, and a
generalized trend to sea level rise recorded fiwaridte Albian to the Turonian, in turn
punctuated by cycles of sea-level fall and riselimeithe palaeogeographical evolution
of Iberia during the mid-Cretaceous.

Progression of full spreading in the Atlantic Océapart of the phenomenon of
enhanced production of oceanic crust, and palagpgpbical changes in the
distribution of oceans and continents, which induae overall modification in ocean
composition and patterns of oceanic circulatior affected the interaction ocean-
atmosphere thus leading to a major global changekike et al., 2002). That global
change resulted in global warming and in a progvessustatic rise that would
culminate in the Cenomanian-Turonian limit, recagdihe highest absolute eustatic

level in the Phanerozoic (Haq et al., 1988).
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In that framework, the connection of the North &wdith Atlantic oceans favored the
development of an equatorial humid climate beltaA®nsequence, arid belts migrated
towards higher latitudinal positions, and mostlerla remained under the influence of
a subtropical arid climate from the early Albiann@nds (Chumakov et al., 1995;
Rodriguez-Lépez et al., 2006, 2008, 2009, 2013lbdnia, the lower Albian climate
change resulted in the development and expansisamafy desert environments, as
recorded by the aeolian successions of the uppeoptne Escucha Formation and of
the Utrillas Formation at the Iberian Basin (Rodeg-Lopez et al., 2006, 2008, 2009,
2010).

The record of the mid-Cretaceous global eustatiig diachronic in the Iberian
Basin. It progressed from the Tethys Sea, whichded the basin following a SE-NW
direction. The overall transgressive trend was fuated by repeated second and third
order cycles of sea-level rise and fall (Haq et188; Rodriguez-LApez et al., 2009,
2013). The transgression has been recorded by tigegssive replacement of the arid
sandy desert environments and the arid silicidasiastal environments by shallow
carbonate platforms that became widespread dumnimgtronian (Martin-Chivelet et

al., 2019).

3. Systematic palaeontology

Actinopterygii Cope, 1887

Ginglymodi Cope, 1872

Lepisosteiformes Hay, 1929 (sensu Lépez-Arbar@ild,2)
Lepisosteoidea Bonaparte, 1835 (sensu Lopez-Atbag£l12)

Obaichthyidae Grande, 2010



200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

Obaichthyswenz and Brito, 1992

Obaichthys africanu§&rande, 2010

(Fig. 2A-D)

Material. ALG 162 to ALG 165, a selection of four isolatezhles.

Description.Specimens ALG 162 (Fig. 2A) and ALG 163 (Fig. 28¢ large,
rectangular flank scales much deeper than wide(@822 mm in height, respectively).
Both specimens clearly show the typical ornameonatif the species, consisting of one
main median ridge flanked by several secondaryesdghe salient main ridge and the
smaller secondary ridges are subparallel. A tmodimplete scale (ALG 164; Fig. 2C)
represents the same morphotype. Its main medige tigically ends posteriorly in a
prominent, well-developed marginal spine. ALG 16%mn incomplete scale with a
damaged posterior margin (16 mm in preserved widhig). 2D). This symmetrical
scale has a sub-rhombic outline and was probabbtdal in the dorsal midline of the

fish. Its ornamentation is similar to that of ALG&2, ALG 163 and ALG 164.

Testudinata Klein, 1760

Helochelydridae Nopcsa, 1928

aff. Plastremys lat®Dwen in Parkinson, 1881

(Fig. 3)
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Material. Several isolated elements, including a costakplatobably corresponding to
the fourth on the right side (ALG 167; Fig. 3A—B;-M); a peripheral plate, probably
the eighth on the left side (ALG 168; Fig. 3C-D; ®yecond suprapygal (ALG 169;
Fig. 3E-F, P); the probably axillary area of a lefoplastron (ALG 170; Fig. 3G-H,
Q); a plastral process, probably correspondingrigha hyoplastron (ALG 171; Fig. 31—
J, R); aright epiplastron (ALG 172, Fig.3K—-L);edtlfemur (ALG 173, Fig. 3T-W);

and an osteoderm (ALG 174; Fig. 3X-Y).

Description.The outer surface of the turtle plates presenéed (Fig. 3A—L) shows an
ornamental pattern consisting of distinct tuberdbegh isolated and grouped together
forming vermiculations (Fig. 3M-S). Some of thetstgs are relatively complete: the
costal ALG 167 (Fig. 3A-B), the peripheral ALG 1@8g. 3C-D), the right epiplastron
ALG 172 (Fig.3K-L), and, especially, the secondrapggal ALG 169 (Fig. 3E-F).
The width of the latter plate is double its lengthe last pair of marginal scutes
experience a long overlap on it, equivalent to thirel of the length of this plate in the
medial plane (Fig. 3E’). The gular scutes are ifiedtas wider than long (Fig. 3K’).
Other plastral elements are represented by patttds (Fig. 3G-J). The femur is a
relatively robust element, with a slight sigmoidabrphology (Fig. 3T-W). The
osteoderm is broken, but it is recognized as stdngalar (Fig. 3X-Y). It displays a
well-developed central bulge. As in the case ofpla¢es, the outer surface of this

element is covered by distinct tubercles.

Archosauria Cope, 1869
Crocodyliformes Hay, 1930

Mesoeucrocodylia Whetstone and Whybrow, 1983
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Neosuchia Benton and Clark, 1988

Neosuchia indet.

(Figs. 4, 5A-C)

Material. Several isolated elements: ALG 175, a small fragroéthe skull table (Fig.
4A-B); ALG 176, a complete right ectopterygoid (MHg€—-D); ALG 177, an almost
complete left exoccipital (Fig. 4E-G); ALG 178, thesterior fragment of a left
quadrate ramus (Fig. 4H-K); ALG 179, a fragmena oight angular (Fig. 4L—M);
ALG 180, ALG 181, ALG 182 and ALG 183, four isoldteeeth (Fig. 4N-Y); ALG
184, ALG 185, and ALG 186, three partial osteodefifig. 4Z—AB); ALG 187, the
proximal end of a left radius (Fig. 5A-B); and Al@S, an almost complete left rib

(Fig. 5C).

Description.ALG 175 is a small fragment of skull table, corres@ing to the region
directly anterior to the orbits, formed by the pdrtrontal and prefrontals (Fig. 4A-B).
Part of this piece was described in Torices g28l12: fig. 4A—B), but identified as
probably corresponding to a fragment of the fropéoietal area of the skull table. Its
dorsal view is densely ornamented with shallow. pits sutures are observed in that
view. A part of the right orbit is preserved inigsterolateral corner. In ventral view, it
presents the olfactory passage, correspondindaiogaudinal groove with a sharp
ridge in its sagittal axis and which is delimitatierally by two slightly elevated crests
(cristae cranij sensuordansky, 1973). In addition, the fragment pressmpart of the
right prefrontal and the anteriormost region of lffe one, that contact along their

medial edges with the margins of the frontal passdgng the cristae cranii.
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ALG 176 is an almost complete isolated right eaoggoid (Fig. 4C-D), which
lacks the posterior part of the jugal process. T not possible to know the
participation of the ectopterygoid in the postabiiar. The maxillary branch forms the
medial walls of the last three maxillary alveolitmthe most posterior alveolus placed
posteriorly to the posteroventral ramus. The aotgocess of the ectopterygoid does
not form a maxillary shelf. The posteroventral ramsislender and lacks the posterior
margin, so it is not possible to know if it reachies caudal border of the pterygoid
wing.

ALG 177 is an almost complete left exoccipital (”Ig—G), which lacks the
mediodorsal region and the ventral tip. The exataipreserves a slender and short
paroccipital process (Fig. 4E). A wide aperturetfa cranioquadrate passage is placed
ventrally, and continues internally in a tubulao@ve. The ventral side preserves the
suture area with the quadrate, but it is not pdssdoknow if the cranioquadrate groove
is laterally open (Fig. 4G). In occipital view, #& foramina are located in the medial
margin of the exoccipital: a large foramen vagitfoe nerves 1X-XI, and below, two
hypoglossal foramina (XIl) (Fig. 4E). The foramem the carotid artery is not
preserved. The exoccipital constitutes the lat@aigin of the foramen magnum and
part of the lateral wall of the occipital condyle.

ALG 178 is a posterior fragment of a left quadr@ig. 4H-K) which preserves the
lateral hemicondyle. The interalveolar space ispneserved and the foramen aéreum is
not observed in the smooth dorsal surface (Fig. ¥dtrally, longitudinal ridges
cannot be recognized, but a slightly transversst @gpears delimiting a concavity near
the lateral margin and close to the articular &Feg 4l). The lateral side of this

element preserves the sutural area with the qugdgat (Fig. 4J).
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ALG 179 is a partial right angular (Fig. 4L—M) whitacks both the anterior and the
posterior regions. The dorsal half of the latetafece is profusely ornamented. A well-
marked groove separates longitudinally this regiom the smooth ventral half. In the
labial surface, the angular region for the insertbd the pterygoid musculature is
ventrally exposed. It is not possible to identifyyanargin either of the external
mandibular fenestra or of the foramen intermandibsiicaudalis. Medially, part of the
mandibular fossa is observed, ventrally borderethbyinner surfaces of the angular.

Several isolated teeth are known (Fig. 4N-Y). Tilmevos are subconical, pointed
and have a D-shaped cross-section. The crownsalyesr of well-marked and smooth
carinae, lingually displaced. The labial surfacthiss concave, and the apex is lingually
directed. The enamel has neither ridges nor orntatien, but the surface is slightly
striated.

Some partial osteoderms are recognized (Fig. 4Z—AB{ 184 and ALG 185 are
flat elements, without projections or ridges, aedrcircular pits (Fig. 4Z—-AA). ALG
186 bears circular pits and displays a slight ricdggparating a flatter region from a
more depressed one (Fig. 4AB). All of them are mptete and it is not possible to
determine their anatomical position accurately.

ALG 187 is a proximal end of a left radius (Fig.-58). It is a slender element
(approximately 38 mm in length), expanded at itsxpnal end and oval-shaped in
cross-section. A soft crest can be observed inlthgal side, near the proximal facet for
the ulna.

ALG 188 is an almost complete rib (Fig. 5C), prdgableft dorsal rib, preserving
the complete capitular process and part of thertwier process. The shaft is elongated
(approximately 140 mm in length from the proximatieof the capitular process to the

distal end), oval-shaped in section, lateromediidiifened, and pronouncedly curved.
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Eusuchia Huxley, 1875

Eusuchia indet.

(Fig. 5D—S)

Material. ALG 189, ALG 190 and ALG 191, three isolated prelonis vertebrae (5D—

S).

Description.ALG 189 is an incomplete procoelous vertebra (blg-H), preserving the
centrum and part of the neural arch, but lackirgrt@ural spine. It is not possible to
distinguish the post- and prezygapophyses. Thew®ris longer and slightly higher
than wide (approximately 20 mm in length, 18 mnhénght, and 15 mm in width). The
neural canal is wide and there is no evidence gmphyses, but the specimen
preserves the proximal region of the diapophysélsarbase of the preserved slender
walls of the neural arch. The position of the digipgses suggests that this vertebra
could probably be a cervical.

ALG 190 is a procoelous vertebral centrum (FigM)-acking the neural arch. The
centrum is similar in height and width (approxima@3 mm) but it is longer than high
and wide (approximately 30 mm). The centrum preseanteriorly the proximal region
of the diapophyses, suggesting a cervical posfoothis vertebra. Ventrally, it bears an
anteroposteriorly directed keel, but it is broketeaiorly, and it is not possible to
distinguish the presence of hypapophysis. A snoadirhen is located laterally on each

side of the centrum, near the ventral keel.
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ALG 191 is an almost complete procoelous vertelbsaall size (approximately 20
mm in length and 36 mm in height) with the neuphe and transverse processes
distally broken. Its centrum is similar in heiginidawidth, but it is anteroposteriorly
twice as long as it is high and wide. Laterallg,bbdy is compressed and bears a
shallow and slightly elongated lateral cavity iritbeides. In the posterior area of the
centrum, the condyle presents a marked convexitg.rileural arch is located in the
posterior half of the centrum. The parapophysie¢fa are located on the bases of the
transverse processes. Other dorsoventrally oriedgpressions are observed between
the posteroventral surfaces of the transverse pseseand the anteroventral margins of
the postzygapophysis. The ventral surface of thrgebral centrum is anteroposteriorly
keeled. Anteriorly, it bears a marked hypapophysie position of the parapophysial
facets above the centrum, at the base of the teass\processes, means it can be
classed as a dorsal vertebra, specifically oneefnteriormost ones, considering the

presence of the well-developed hypapophyseal keel.

Dinosauria Owen, 1842

Theropoda Marsh, 1881

Theropoda indet.

(Fig. 6A—F)

Material. ALG 192, the centrum of a caudal vertebra (Fig—=BA

Description.The specimen corresponds to the centrum of a aistidle caudal

vertebra assigned to a medium-sized theropod dimo$ae neural arch has been lost
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from the neurocentral suture, which does not apjzehave been fused. The vertebral
centrum is amphicoelus and axially elongated, beange than twice as long as high.
Its articular faces are subrectangular and slightiyrer than wide (Fig. 6A, D). The
posterior articular face is higher than the antasite. The floor of the neural canal is
narrow and deep (Fig. 6F). The lateral surfacesaneave. No pleurocoels are present
on the lateral surface (Fig. 6B). A depression lpgdow the neurocentral suture is
present on the left side but, since in the sameepba the right side only a deformation
of the articular area is identified, both are cdesed as vestigial transverse processes
(Fig. 6B-E). The ventral surface is laterally navrdVell-developed chevron facets are
present associated with the anterior and posteeotral margins. The chevron facets
on each side are connected by a ridge that dedinvestral broad and shallow
longitudinal groove (Fig. 6C).

On the basis of the presence of articular facetthf®chevrons and the presence of
vestigial transverse processes, the centrum iggtitda belong to the distal-middle part

of the caudal series.

Tetanurae Gauthier, 1986

Ceratosauria Marsh, 1884

cf Abelisauridae

(Figs. 6G—P)

Material. Seven isolated teeth, ALG 193 to ALG 199 (Fig. 655—P
Description.Three of the new theropod teeth from Algora preseimt this paper (ALG

195, ALG 196 and ALG 199; Fig. 6K—L, M, P) havelade-like general shape. ALG
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193 is more elongated and triangular and resenallesterior/premaxillary tooth (Fig.
6G—H). ALG 197 is broken although its general shegwms to tend to blade-like and
its cross-section is more similar to ALG 194, AL@6land ALG 199 (Fig. 6N). ALG
198 maintains a blade-like shape but its crosgese more flattened, probably
because it corresponds to a more distal positisghanaw (Fig. 60). Although the tip of
ALG 194 is broken, its shape is clearly blade-kkel its cross-section more similar to
ALG 195, ALG 196 and ALG 199 (Fig. 61-J). Thesetleleave a height that varies
between 17.3 and 27.6 mm; a FABL (fore-aft basadtle) that varies between 11.2 and
16.1 mm; and a width that varies between 4.7 afhahBn. These teeth possess denticles
on both carinae although in two of them, the aotetenticles are not visible due to
breakage and erosion. Posterior denticle densrigshetween 2 and 3 denticles per
mm and the anterior denticle density varies betw&agrand 3. Denticle shape is
rectangular in all cases. In ALG 193, ALG 194, AlL@5 and ALG 199 it is possible to
identify some wrinkle enamels although they aratfand difficult to see. These
structures cannot be observed in the other teetluise of the lack of preserved enamel

or the presence of iron crusts on the tooth surface

4. Discussion

4.1. Systematic discussion

Fishes.The kind of isolated fish scales identified at é1g (e.g., Fig. 2A-D) has long

been described &tromerichthysethiopicuge.g., Jonet, 1971; Vullo and Néraudeau,

2008a; Torices et al., 2012), an enigmatic taxogirwally erected on the basis of a

mixture of elements from different taxa (Weiler359 Cavin et al., 2015). Recent



422  studies have shown that these ornamented scalesdlgdtelong to the Cenomanian
423  lepisosteoiddbaichthys africanugGrande, 2010; Cavin et al., 2015).

424 Most of the scales found at Algora are abradethdisated by the worn, non-shiny
425 ganoin enamel surface and the posterior marginidefespines. However, the new
426  scales presented here (Fig. 2A-D), as well asaimites found in the site, are better
427  preserved and more diagnostic than those previalesgribed (Torices et al., 2012),
428 and allow us to confirm the presencedifaichthys africanuat the Algora site. The
429  second scale morphotype reported by Torices €2@L2: fig. 3D) is reinterpreted here
430 as a smaller scale @baichthys africanudevoid of the primary ridge because it was
431 |ocated in a region of the body not correspondmthe flank (as observed in

432  Obaichthys decoraty$srande, 2010: fig. 479h). Therefof@bhaichthys africanus

433  represents the only fish taxon identified so fathie locality. Outside Spain, this gar is
434  known in the Cenomanian of Morocco (Grande, 20Hyiet al., 2015), Algeria

435  (Benyoucef et al., 2015), Egypt (Weiler, 1935),tBgal (Sauvage, 1897-1898; Jonet,
436 1971, 1981) and France (Vullo and Néraudeau, 2008a)

437

438  Helochelydrid turtlesThe presence of an ornamental pattern formed bgr¢lds on the
439  outer surfaces of the plates (Fig. 3A-S) has beeognized as exclusive of the lineage
440  of basal turtles (i.e. stem Testudines) Helochétiglr (Lapparent de Broin and

441  Murelaga 1996, 1999; Scheyer et al., 2015). A ghplate of this group of turtles, with
442  an indeterminate anatomical position, showing apmology and disposition of the
443  tubercles compatible with those of the plates priesehere, was previously identified
444  at Algora (see fig. 3J in Torices et al., 2012és attributed to an indeterminate

445  member of Helochelydridae (a clade at that momesigtated as Solemydidae)

446  (Torices et al., 2012). The differential diagnammong the members of Helochelydridae
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is mainly based on the ornamental pattern (Lappalie®roin and Murelaga 1996,
1999; Joyce et al., 2011; Joyce, 2017; Pérez-Gatah, 2020). Thus, all the plates
attributable to this lineage from Algora suggest pinesence of a single form.

Helochelydridae is a group of terrestrial formsh®ger et al., 2015). Like other
terrestrial turtles (see Pérez-Garcia, 2020), flusgess osteoderms. The osteoderm
ALG 174 (Fig. 3X-Y) is attributable to Helochelydae because its outer surface is
also covered by granulations. The morphology ofogteoderms varies depending on
their anatomical position (Barrett et al., 2002yckoet al., 2014). ALG 174 is very
similar to those of some osteoderms previouslygezed for representatives of this
clade (e.g., fig. 20.3 in Joyce et al., 2014). Wwphology and robustness of the femur
presented here (Fig. 3T-W) is also similar to tfdhe members of this lineage (e.g.,
fig. 16 in Joyce et al., 2014; fig. 11W-AB in Pé@arcia et al., 2020).

Fragmentary material attributable to two indeteaterhelochelydrid taxa, with a
different ornamental pattern, was identified in gog@enomanian outcrops in south-
western Europe, in the French region of Charetaiq et al., 2010). In fact, the
ornamental pattern of each helochelydrid speciedkan recognized as one of the
main aspects to characterize the different reptatiees of this clade (see information
and figures of each taxa in: Meyer, 1855; Andrel@20; Bergounioux, 1957,
Lapparent de Broin and Murelaga 1996, 1999; Joyek,2011; Joyce, 2017; Pérez-
Garcia et al., 2020). Torices et al. (2012) recogphithe only fragment of plate of a
helochelydrid from Algora which was found, at thate, as different from the
morphotype A of Vullo et al. (2010) (see fig. 3Jliorices et al., 2012; and fig. 4 in
Vullo et al., 2010), because the relative distame@veen each granulation or group of
granulations was greater in the Algora specimenicés et al. (2012) indicated that the

distance between its granulations was similar & ¢ the second morphotype from
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Charentes (see fig. 6.1 in Vullo et al, 2010), diéfered from this French form because
some tubercles were fused. Joyce (2017) recentfgrpged a review of several clades
of basal turtles, including Helochelydridae. Comsing the limited information on the
helochelydrids from Algora published by Toricegakt(2012), exclusively based on
that fragmentary plate, Joyce (2017) recognizegthsence dfelochelys danubinan
this locality. This species corresponds to a fogfinged in the Cenomanian of Germany
by scarce material, currently lost (Meyer, 18585)cé (2017) proposed the presence of
this form in the Albian of the Cambridge Greens&odmation in England, to which he
attributed the entoplastron CAMSM B56424. Persohakervation (A.P.-G.) of this
specimen, as well as of many others from the sasn@&tion with an ornamental
pattern supporting their attribution to the sam®@ia allows us to refute the
identification of this plate from the Cambridge @neand Formation tdelochelys
danubina In fact, its ornamental pattern is like thatloé British formPlastremys lata

or very similar to that of this species. Joyce (@0dharacterized the ornamental pattern
of Helochelys danubinas indistinguishable from that of the British Lovi&retaceous
Helochelydra nopcsaiwith sharply delineated high tubercles, whicHatiate and

never coalesce (Joyce et al., 2011). However,ubertles of the taxon from Algora are
notably lower than wide, they do not dislocate lgaand they usually converge,
forming vermiculations consisting of two or moréeus. Other characters, as it is the
case of the area occupied by the tubercles inoal& the surface between them, allow
us to recognize clear differences betwkl@ochelydra nopcsand the forms from the
Cambridge Greensand Formation and Algora. Thus atga is much higher in the
taxon from Algora than iklelochelydra nopcsabeing similar to that of the taxon from

the Cambridge Greensand Formation. Therefore atkentfrom Algora clearly differs



496  from Helochelydra nopcsabut it also differs from the form present in tbambridge
497  Greensand Formation, whose attributiotdelochelys danubinaannot be sustained.
498 A form recognized as afflelochelydrais currently identified in the Lower

499  Cretaceous record (Hauterivian to Barremian) inilsfsee Pérez-Garcia, 2017b and
500 references therein). Its ornamental pattern islamw that ofHelochelydra nopcsaso
501 it clearly differs from the Algora taxon. A secohédlochelydrid was identified in the
502  Spanish Lower Cretaceous record, the recently bescAlbianAragochersis

503 lignitesta with an ornamental pattern that also differscallly from that of the taxon
504 from Algora (Pérez-Garcia et al., 2020). A thirdda has also been recognized. It
505 corresponded tol'rachyaspis turbulensisdefined by several peripheral plates, and
506 currently recognized asreomen dubiunfsee Pérez-Garcia, 2017b and references
507 therein). The size, the distribution in relatiorthe spacing between them, and the
508 height of the tubercles of the type materialTrfaichyaspis turbulensisare compatible
509 with those from Algora. However, poor knowledge @ithis species, referred by some
510 authors to the Aptian-CenomaniBfastremys latdJoyce, 2017), means that its

511  attribution to this British form cannot be confirchdn fact, abundant unpublished
512  Spanish material, currently under study and whidhalow an assessment of the
513  validity of ‘Trachyaspis turbulensisshows that the vermiculations were probably
514 absent or very limited in that Lower Cretaceousrfoas inPlastremys lataHowever,
515 the ornamental pattern of the taxon from Algormigch closer to that of the Lower
516  Cretaceous formBlastremys latand Trachyaspis turbulensishan to that of the

517  Spanish and French Campanian-Maastrichtian g8olesmyswhich is markedly

518 vermiculated (Lapparent de Broin and Murelaga 19989; Pérez-Garcia et al.,

519 2016b).

520



521  Crocodyliforms Currently available specimens from Algora are repnéed by isolated
522  cranial and postcranial elements, belonging tandeterminate number of individuals.
523  The information provided by most of the specimeng.( frontal, ectopterygoid,

524  exoccipital, radius, rib, teeth, osteoderms) comgitheir attribution to Neosuchia, but
525 lacks sufficient details to assess whether thegrigeto a more exclusive group or to
526  know the number of species represented.

527 The angular shows a well-marked ventral exposibibtihe region for the insertion of
528 the pterygoid musculature. This is a condition @fi+®usuchian neosuchians, while
529 more derived forms, such as eusuchians, have alateral orientation of this area
530 (Ortega, 2004).

531 In the case of the ectopterygoid, this elementetyoisorders the posterior maxillary
532 tooth-row, a common feature in Eusuchia. Howeves, ¢haracter does not appear in
533  alligatoroids or in some non-eusuchian neosuctsach aBernissartiaand

534  Pachycheilosuchuysvhere the ectopterygoid is separated from thihtomw by a

535 maxillary shelf (Brochu, 1997; Rogers, 2003).

536 The tooth morphology is common among Neosuchia@detified as compatible
537  with members of this clade (Groh et al., 2019). 8aeeth are slender (Fig. 4W-Y),
538 and could resemble those of longirostrine crocaahgi

539 The osteoderms recovered at Algora are very incerapbut their morphology is
540 compatible with that of neosuchian crocodiles. Tidge observed in ALG 186 is

541 interpreted as the lateral keel of a non-eusucahémsuchian osteoderm. The

542 identification of a non-eusuchian form can alsabefirmed by the presence of a lateral

543  flap.



544 Procoelous vertebrae are characteristic of theesgmtatives of Eusuchiaghsu

545 Clark and Norell, 1992), although this characteshiared by caudal vertebrae of some
546 advanced neosuchians sucltBasnissartia(Norell and Clark, 1990).

547 Both ALG 189 and ALG 190 have a stout centrum \aithide neural canal,

548 resembling the morphology of a procoelous cauddeétsea previously assigned to a
549 titanosaur from La Cabafia Formation, near Ovieddl¢\et al., 2009), and

550 subsequently reinterpreted as belonging to a crydidodn (Narvéaez et al., 2014). With
551 a similar size to the specimens from Algora, tlegebra preserves part of the slender
552 wall of its neural arch, like that in ALG 189, lihere is no evidence of diapophysis,
553 and it is not possible to assign it to a cervieatebra. In addition, the centrum of the
554  vertebra from La Cabafa is higher than wide, diffgfrom the Algora specimens,

555 more rounded than oval-shaped. Despite the sitmdanvith ALG 189 and ALG 190,
556  we conclude here that it is not possible to confisyassignment to crocodyliforms due
557  to its poor preservation.

558 ALG 191 exhibits a pronounced hypapophysis. Thegee of hypapophysis is

559 common on the cervical and first dorsal vertebfaéusuchia. In derived neosuchians
560 like Bernissartig the hypapophyseal keels are present on the ventdbra behind the
561 atlas, while in Crocodylia this structure reacheseleventh or twelfth vertebrae behind
562 the atlasgensuBrochu, 1997). The parapophysial facets of thecspen from Algora
563  have migrated with respect to the vertebral centasroccurs in the tenth or eleventh
564  postaxial vertebrae in Eusuchia, which belongsédfirst dorsal vertebra.

565 On the other hand, a peculiar character in ALG i$3he presence of depressions on
566 the lateral sides of the vertebral centrum. Thadifee is common in the eusuchian

567 presacral vertebrae (i.e., posteriormost dorsaebese), but it is unusual for the first

568 dorsal vertebrae (Mook, 1921; Erickson, 1976; Fi&g88; Brochu, 1992). In addition,
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these depressions in eusuchian crocodiles are asv@rident as in the specimen from
Algora, despite being shallow. Similarly, the prese of posterior depressions between
the posteroventral surfaces of the transverse pseseand the anteroventral margins of
the postzygapophysis could be observed in somaldeggebrae, in which the
parapophysis is on the transverse process. Thermme®f this kind of depression is
commonly interpreted as a feature with pneumaigio(e.g. pneumatic fossae; see
O’Connor, 2006), but this character is not pregetite eusuchian first dorsal vertebrae.
On the other hand, these depressions in the Agmeaimen are not as deep as the
pneumatic fossae observed in these vertebratesclatiese structures are absent in the
dorsal vertebra of an indeterminate member of Buaudcom the middle Cenomanian

at the Portuguese locality of Nazaré (see fig.€allapez et al., 2014).

TheropodsMost of the described features of the centrum AI9G &re common in the
vertebral centra of the posterior caudals of thedsp The elongation of the centrum is a
widespread feature of the theropod distal caud&éleae, present in most
neotheropods. A longitudinal groove, ventrally Kad by two longitudinal ridges, is
reported in most theropods (Carrano et al., 20@2ihat, 2003). Therefore, considering
the relatively limited information provided by theéeement, it is attributed to Theropoda
indet.

A previous study of the theropod teeth from Algola@ssified them as belonging to
Carcharodontosauridae (Torices et al., 2012). \Woetlheropod teeth previously
described in Torices et al. (2012) are perfectiypatible in measurements and
morphometric characteristics with all the new tesitcribed here. Both sets of teeth
are blade-like in shape and the cross-sectionsgléy the same in all of them. They

share some qualitative features. Enamel wrinklesbearecognized in all teeth in which
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that region is preserved. Principal component ascridhinant analyses were performed
for the first time for the teeth from this locality order to confirm or refute the previous
systematic assignment. The data sample was builj databases that included
carcharodontosaurids likkecrocanthosaurusabelisaurids including data from
Arcovenator escota@ ortosa et al., 2016), cArcovenator escota@Pérez-Garcia et al.,
2016b) andAllosaurusfrom Smith et al. (2005), Fanti et al. (2014), iRex et al.

(2013), Hendrickx et al. (2015, 2020), and Longethal. (2017).

In the Principal Component Analysis, the total aade is explained at 90.75% by
two components. In the first component the varialtat weigh more are the ones
describing the general size of the tooth, whilehensecond component the denticle
variables are the ones that weigh more.

In Figure 7 it is possible to observe how the Algteeth group together and slightly
overlap with theAllosaurusteeth although they are also near to some abalisau
specimens, includingrcovenatorand cf.Arcovenatorteeth. It can be observed that the
carcharodontosaurid and abelisaurid teeth oveflpsaurusteeth also overlap partly
with the Acrocanthosaurugeeth as well as with some abelisaurid teeth.

Four discriminant analyses have been performedatyze the possible assignment
of the Algora teeth. In the first analysis, withédutovenatorteeth, the Algora teeth
were not assigned to any group and the analysigrnesksone tooth téllosaurus(ALG
195) and four of them to an abelisaurid (ALG 198CGA194, ALG 197 and ALG 199).

In this discriminant analyses the sample corredtgsified is 95% (Table 1). We have
to consider how the different groups of teeth behavhe analysis. None of the
Allosaurusteeth are reclassified and the same happenshatdromaeosaurid,
AcrocanthosauruandChenisaurus barbaricuteeth. One tooth of carcharodontosaurid

dinosaur is reassigned Azrocanthosauruand two teeth are assigned to abelisaurids,
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and two abelisaurid teeth are reassignedmsaurus This shows that there is some
overlapping between these groups as observed uté=ig

In the second discriminant analysis (90.3% of ailyeclassified sample, Table 2),
Algora teeth were assigned to its own group anadhelts were that only one of
Algora teeth (ALG 195) was reassignedM@osaurus This suggests that the variation
between these seven teeth could be caused bydodivor intraspecific variation and
all the samples could belong to the same taxon.

In the third and fourth analyséscovenatorteeth were included as this European
abelisaurid is the only one that has teeth assatiat postcranial material (Tortosa et
al., 2016) and other teeth from the Iberian Peménassigned to cfArcovenator(Perez-
Garcia et al., 2016b) are also considered. Althcduglovenatorand cf.Arcovenator
teeth come from upper Campanian deposits, we ftacesting to compare these teeth
with our sample in order to better discriminatertiagsignment and test the hypothesis
if they could belong to the same lineage. In thelthnalysis, Algora teeth were not
assigned to any group and two teeth were assignalddlisaurids (ALG 194 and 197),
two teeth toArcovenator(ALG 193 and 199) and one toothAtlosaurus(ALG 195).

In this analysis the sample was correctly clas$ifie93.2% (Table 3). In the analysis
only one tooth oArcovenatoris reassigned tAllosaurus In abelisaurids, two teeth are
reassigned téllosaurusand one tooth tArcovenator In carcharodontosaurids, two
teeth are reassignedA@rocanthosaurusand one tooth to abelisaurids. Only one
Allosaurustooth is reassigned #arcovenator This is a result of the overlapping
between the different theropod groups.

In the fourth analysis where Algora teeth are assigo its own group and the

sample is correctly classified at 93.4%, the Algeth are correctly classified in its
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own group and the rest of the groups behave isdh®e way as the third analysis
(Table 4).

However, it is interesting to analyze how, in thistfand third analyses, the Algora
group is divided betweefllosaurusand abelisaurid teeth (includidgcovenatorin the
third). The teeth are quite separate from the @uodontosaurid teeth. The main factor
of separation between the groups is tooth sizeutd be argued that these teeth might
belong to a juvenile but the whole sample of thetbgeeth from Algora comes from
different levels and parts of the site so it ishiygmprobable that all of them could
belong to juvenile individuals. In this new therdpeeth sample being analyzed, as
well as in the two theropod teeth from Algora ddsaat before (Torices et al., 2012), we
do not observe characters that are cited as exelo$iCarcharodontosauridae (Canudo
et al., 2010). Bilobate denticles are absent aadtiterior denticles extend through the
anterior carina while in carcharodontosaurids theyabsent in the lower half of the
anterior carina. We could not observe, due to tkegyvation of the enamel in the teeth
and the iron crust covering the surface, the p@sehenamel wrinkles in some of the
teeth but they were present faintly in four of thand the ones described by Torices et
al. (2012). Although enamel wrinkles have been ®rsd in the past as exclusive to
the carcharodontosaurids, they are now regardadsgsapomorphy observed in several
basal tetanurans, and they are also present irsaibetls (Brusatte et al., 2007; Canudo
et al., 2010; Hendrickx et al., 2020).

In Figure 7, the Algora teeth are quite near thedishurid teeth from the Moroccan
Cenomanian Kem Kem beds described by Richter €@13). The crowns from Kem
Kem and Algora show some characteristics in comraoch as the profile of the tooth
with the mesial carina strongly curved and theatlishe straight. In addition, the

crowns are small in comparison with other abelisawrarcharodontosaurid teeth.
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However, it is not possible to see, in the Algaeth, the presence of a flat or concave
area along each carina in the lateral teeth, wikichnsidered a synapomorphy of the
ceratosaurians (Rauhut, 2004, Richter et al., 208 8)stinct size difference between
mesial and distal denticles was also recognizgatesent in abelisaurids according to
Richter et al. (2013), but Hendrickx et al. (202@)icated that mesial and distal
denticles are similar in size. Mesial and distaitodes have the same size in the Algora
teeth.

In Algora teeth the mesial carina reaches the xkewfich is a character shown in
abelisauroids, with the exceptionMasiakasaurugHendrickx, 2015) andrcovenator
(Tortosa et al., 2014), where it is twisted inlateral teeth (Hendrickx, 2015). The
distal carina is centrally positioned or slightplally displaced in abelisauroids, which
is in agreement with Algora teeth, where is celtnadsitioned (Hendrickx, 2015).

Regarding cross section, it varies in abelisawtefsending the position they have in
the jaw. Abelisaurids present a salinon to J-shapesk section in the anterior teeth
(Fanti and Therrien, 2007; Smith, 2007, Hendrick® 8Mateus, 2014) and D-shaped to
lanceolate (Gianechini et al., 2015; Novas et26l1,0) cross-section in lateral teeth
(Hendrickx et al., 2020). Algora teeth present@ssrsection between lanceolate and D-
shaped (this last condition being present in alsitapth). Therefore, taking into
account the results of the statistical analyse®paed here, and the qualitative

characteristics, it is reasonable to assign thégera teeth to cf. Abelisauridae.

4.2. Faunal implications

Fishes.As mentioned abov&baichthys africanuss compatible with the Cenomanian

age of Algora, whereas the closely related Brazdipecie©baichthys decoratus
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known in Albian deposits (Grande, 2010). From aeabiogeographical point of view,
Obaichthys africanug one of the better-known forms of evidence har dispersal of
Gondwanan taxa to the European archipelago dunem@enomanian. Other taxa that
clearly support this dispersal event are the hyhbdbarkTribodusand the basal snake
Simoliophis identified in France (Vullo and Néraudeau, 200Rage et al., 2016); but
also the lineage of the turthdgoracheluswhose type locality is Algora (Pérez-Garcia,
2017a, 2018). Obaichthyid gars were small to meesirad piscivorous predators that
inhabited fresh and brackish waters of fluvial-dieltand lacustrine—lagoonal
environments (Grande, 2010; Cavin et al., 2015pBst al., 2016). However, the
apparent dispersal @baichthys africanufrom northern Africa to south-western
Europe suggests that this form may have been alikettemporarily in marine
environments, as observed in some other speciegtiott and extant gars (see

Alvarado-Ortega et al., 2016).

Helochelydrid turtlesSolemydidae is a clade of basal turtles exclusibe
Laurasiatic record; being known in North America &urope (Lapparent de Broin and
Murelaga 1996, 1999; Scheyer et aD15; Joyce, 2017; Pérez-Garcia, 2017b; Pérez-
Garcia et al., 2020). This terrestrial clade isrpoeepresented in the uppermost
Jurassic, but it is well-known throughout the Ceetaus up to the Maastrichtian.
Helochelydridae is a well-represented clade inughygermost Cretaceous of south-
western Europe and, especially, in the Iberiani®ehd and in Southern France, where
Solemyss recognized (Lapparent de Broin and Murelag@91®érez-Garcia, 2017hb).
That latest Cretaceous form displays a vermiculpsgteérn, which clearly differs from
the one recognized at Algora. The attribution eftidxon from Algora to the German

and putatively British Lower Cretaceous foHelochelys danubing here refuted. It is



718 identified as a closely related form to the Eurapkeawer Cretaceous taxa@rachyaspis
719  turbulensi§ from the upper Aptian-lower Albian in Teruel (8p), andPlastremys

720 lata, defined in the Albian-Cenomanian on the Isle ofgh¥ (United Kingdom). Thus,
721 the survival of the lineage of Helochelydridae toieh Plastremys latdbelongs at the
722 beginning of the Late Cretaceous is supported éYitfuings at Algora.

723

724  CrocodyliformsUntil recently, the Cenomanian record of crocodylifis from the

725 Iberian Peninsula was limited to undescribed, tsdland scarce remains of uncertain
726  systematic attribution from several outcrops naaban (Portugal) (Jonet, 1981), and to
727  ajaw fragment belonging to a longirostrine crot®@und in the Portuguese locality of
728 Nazaré, which was preliminarily assigned to Dyrostae by Buffetaut and Laverjaut
729  (1978), but reinterpreted as not attributable padicular group of Mesoeucrocodylia
730 because of its lack of diagnostic characters (Bailfe 1979). Callapez et al. (2014)
731  supported this hypothesis and reported the disgaMenew vertebrate remains in

732  Nazaré, including some osteoderms of Mesoeucroizpihdet. and a relatively

733 complete dorsal vertebra of an indeterminate membEusuchia.

734 Vullo et al. (2009) recognized the presence of smolated elements of this group
735  of reptiles near Oviedo (Asturias). These authoesgnted a poorly preserved caudal
736  procoelous vertebra, referred to as an indetermi@asuchian taxon, and also several
737  teeth with different morphologies and a small freginof dentary, all of them

738  recognized as taxonomically congruent with the gmee of a form which may

739  correspond to one of the earliest alligatoroids.

740 Although scarce remains of crocodyliform from Algawere previously recognized
741  (see introduction), they allowed the identificatminindeterminate advanced

742  neosuchians, based on the pitted ornamental psttiie conical-shaped teeth with
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smooth ridges and mesial and distal carinae, amdttrphology of the osteoderms
(Torices et al., 2012). As indicated by Callapeale{2014), the evidence of western
European crocodyliforms from the lower Upper Cretacs to the Campanian-
Maastrichtian is relatively rare and therefore, phaecess of replacement of non-
eusuchian Neosuchia by eusuchian crocodylifornpealy known. Recently,
Portugalosuchus azenh&as been described based on a partial skull aner law
material from the Cenomanian in the Tentugal Foionah west-central Portugal
(Mateus et al., 2018Rortugalosuchuss proposed as a member of Eusuchia and
discussed as a possible Crocodylia.

The available information from the Algora crocofiytms allows the determination
of at least a non-eusuchian neosuchian and areimdietate member of Eusuchia.
Currently available material does not allow thatienships among the Portuguese and

Spanish Cenomanian crocodyliforms to be established

TheropodsPreviously described theropod teeth from Algoraenassigned to
carcharodontosaurids, suggesting a connection eet@endwana and Laurasia during
the mid-Cretaceous (Torices et al., 2012). Theetiktemains of Theropoda from
Algora joined the scarce theropod skeletal recaythfthe Cenomanian of Europe.
From southern France, there is the descriptioma$alated tooth from the Gard
department attributed td/fegalosaurus(Buffetaut et al., 1991) and the teeth from
Charentes assigned to dromaeosaurids, troodomtisaacharodontosaurids (Vullo et
al., 2007; Vullo and Néraudeau, 2010). Teeth frdmr€ntes so far identified as
belonging to carcharodontosaurid are from the estriCenomanian to lower-mid
Cenomanian sites (Vullo and Néraudeau, 2008a)sélated tooth from northern Spain

was also assigned to a carcharodontosaurid. Ifovesl in the lower Cenomanian
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levels of Limanes (Asturias) (Ruiz-Omeiaca et20(Q9). Based on the current
discussion on the dental theropod features (Bris2®07; Hendrick et al., 2015, 2020),
all these specimens should be revised in ordez-gvaluate their relationships with
carcharodontosaurids.

Despite the archipelago condition of Europe in@emomanian, it seems that the
same kind of theropod dinosaur faunas at broachtaxa: level could be found across
Europe. These Cenomanian faunas also seems todmgimuation of the Lower
Cretaceous (or even older) faunas in this contifésiki-Sava et al., 2015). In addition
to these older European theropod faunas, which theressult of the evolution of
isolated members of tetanurans (Csiki-Sava eR@lL5), we find a few additions that
suggest Laurasian connections, such as dromaedsamd troodontids (Vullo et al.,
2007; Vullo and Néraudeau, 2010). The previoustitieation of carcharodontosaurids
in the above indicated Spanish and French Cenomaites suggested putative
Gondwana influences (Vullo et al., 2007; Toricealet2012). Although the Algora
teeth initially resembled to those of the carcharddsaurids (Torices et al., 2012), the
results of our statistical analyses show that thesignment could agree most closely to
an abelisaurid. The fact that two teeth in thedthinalyses were assigned to
Arcovenatoy and another two to abelisaurids, is quite intergsThese teeth could
belong to the abelisaurid lineage that would begmeat the end of the Upper
Cretaceous of Europe (Campanian—Maastrichtian)ligeneid dinosaurs are present in
the Cenomanian of Gondwana in Kem Kem beds (SmidhLamanna, 2006, D’orazi
Porchetti et al., 2011, Richter et al., 2013, Lactget al., 2017). The Algora specimens
resemble abelisaurid teeth in the general shapieedboth and size but there are also
features that are not in agreement with that assegn, such as the presence of a flat or

concave surface near the carina. In contrast, lwg@pods in the Upper Cretaceous
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(Campanian—Maastrichtian) of Europe are represdmteabelisaurid theropods, this
Gondwanan clade having reached Europe during tipetfpretaceous (Csiki-Sava et
al., 2015; Pérez-Garcia et al., 2016b; Tortosh €2@l14). Carcharodontosauria
theropods are known in Europe from the Upper Jigaeir record in Lower
Cretaceous levels of this continent being relayiadundant (Brusatte et al., 2008;
Ortega et al., 2010; Malafaia et al., 2019). Thespnce of enamel wrinkles and the
similar size of mesial and distal denticles in Migora is shared by both
carcharodontosaurids and abelisaurids (Hendriclkak. €2020). For this reason, we
cannot assign these teeth definitely to Abelisagidnd their assignment to this group

must be left as tentative until more material isra.

4.3. Climatic changes and faunal replacements

The replacement identified when the Lower Cretasdaunas of the Iberian Peninsula
are compared with those of the uppermost Cretacedglst have been induced or, at
least, strongly conditioned by the climate charg took place between the end of the
Early Cretaceous and the beginning of the LateaCestus, during the Albian and early
Cenomanian, before the Algora sediments were diggbdihus, as above explained,
during the early Albian, the connection of the Maahd South Atlantic resulted in the
migration of arid belts towards higher latitudipaisitions. As a consequence, Iberia
remained under the influence of a subtropical elidate during much of the Albian
and the Cenomanian (Chumakov et al., 1995; Rodzriggdeez et al., 2006, 2008,
2009).

The lower Albian climate change resulted in thead@pment of sandy desert

environments in the Iberian Basin, as recordedbythick sedimentary successions in
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the upper part of the Escucha Formation and itJthéas Formation (Rodriguez-
Lépez et al., 2006, 2008, 2009, 2010). The Albiimate change coincides with the
Iberian disappearance or loss of diversity of selwegrtebrate lineages well represented
in the Lower Cretaceous faunas (e.g., the disappearof the freshwater basal
cryptodiran and the pleurosternid turtles, the nebsn bernissartiid and goniopholidid
crocodyliforms, the basal styracostern ornithopod #he non-titanosaurian
somphospondylan dinosaugshwarz-Wings et al., 2009; McDonald et al., 2012;
Buscalioni et al., 2013; Pérez-Garcia et al., 2@drscak and O’Connor, 2016; Pérez-
Garcia, 2017b). The expansion of desert systemsalsadavored by a second order
eustatic fall (Rodriguez-L6pez et al., 2008, 2009)which the low level of the Tethys
Sea could have facilitated potential faunal excleangith Gondwana due to the
elimination of biogeographical barriers. This désgstem remained active until the late
Cenomanian, when a major transgression of the $atiwaded the whole Iberian Basin
and the well-known Upper Cretaceous carbonategotaf developed (Rodriguez-
Lépez et al., 2006, 2008, 2009; Martin-Chivelealet2019). As the transgression
progressed the siliciclastic aeolian and associgp@meral alluvial sediments were
reworked into coastal and shallow marine envirorisiand gradually mixed with
carbonate sediments. The extensive depositiontraywould comprise a complex
array of environments ranging from back-erg envinents in the more inner and
proximal positions in the western and north-westggas of the basin, to central erg,
and finally to fore-erg environments in the distdches of the system at its encounter
with the Tethys Sea in the eastern and southeastgions of the Basin (Rodriguez-
Lopez et al., 2006, 2008, 2009, 2010).

The Algora succession had occupied an inner andrpeb palaeogeographical

position, probably corresponding to back-erg emvments (i.e., interaction of aeolian
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and ephemeral fluvial environments, resulting iohsstructures as dunes, wadis, mud
playas, deflation plains) that were progressivelsaded by the sea from the early
Cenomanian, thus developing coastal siliciclastarenments where the faunal
association studied here has been found.

The development of desert environments could altenthe disappearance or loss of
abundance and diversity of some clades of vertebaatd the subsequent establishment
of other lineages, including those that migrateanfiAfrica to Europe (e.g., gar fishes,
bothremydid turtles). The location of Algora in tb@astal transgressive fringe had
favored the growth of large vegetable masses, wikicbmpatible with the presence of
large herbivorous animals (i.e. titanosaur saurepdd fact, the remains of large plants
are abundant in the Algora site (see Torices gP@l2).

The studied faunal replacement as a responsentatelichange is part of the long-
term process of global change that took place duhe mid-Cretaceous and ended up
in the Cenomanian-Turonian limit coinciding witretmaximum sea-level recorded in
the Phanerozoic (Haq et al., 1988). This globahgkahad a strong biotic impact in
marine environments and, for instance, during ithé Cenomanian-Turonian a mass
extinction event and a faunal turnover occurreduffaan, 1995; Harris and Little,
1999; Hallam and Wignall, 1999; Leckie et al., 2DG2owever, the continental biota
did not undergo any event of extinction (Bentor8B9;%Eaton et al., 1997; Benson et al.,
2013), although displacement of brackish taxa,appmkarances and disappearances of
certain taxa occurred locally and regionally (Eatbal., 1997). Undoubtedly, the mid-
Cretaceous global change affected the continerdtd,but the impact and changes
might have been strongly dependent on the speeifional patterns of change in time
and space, all along a complex process that lastealst twenty millions of years, as

the results of this study support. This scenaritalde and palaeogeographically
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distributed impacts, and some problems of samfliag of the continental record of
tetrapods, might explain the staggered pattertiseoCretaceous continental faunal

turnover described by Benson et al. (2013).

5. Conclusions

Knowledge about the vertebrate fauna from Algorsit@that represents the main
concentration of Cenomanian vertebrate macroremaamtified in south-western
Europe, has increased remarkably as a result dttlily of the specimens found in
recent palaeontological excavations there. Thspthvious identification of fish
scales as corresponding to two actinopterygian t@xa of them attributable to
Stromerichthysp., and the second one to an indeterminate setidaor lepisosteid, is
refuted. All scales previously found at this sée,well as the new ones, are compatible
with a single form, corresponding @baichthys africanusThe attribution of the
helochelydrid turtle from Algora tblelochelys danubing refuted. In contrast, aff.
Plastremys latas recognized. The identification of carcharodoatogl theropods at
Algora cannot be supported. The revision of theispens previously attributed to this
clade, and the study of the new theropod teetrepted here, allow us to identify a
single theropod representative, correspondingossible abelisaurid. The new
crocodile remains allow to justify, for the firstnie, the presence of Eusuchia in this
locality; at least two crocodyliforms being idered for the first time at the site, with
the other form represented by a non-eusuchian onb@su

As a result of this study, the faunal list of vergges currently recognized at Algora
is formed by at least eight taxa: the lepisostésliObaichthys africanygshe

helochelydrid turtle affPlastremys latathe bothremydid turtl&lgorachelus
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peregring an indeterminate elasmosaurid plesiosaur; a nsoahian neosuchian and a
eusuchian crocodyliform; an indeterminate lithosémo titanosaur; and an indeterminate
theropod that could belong to Abelisauridae (T&)le

The Algora fauna consists of some vertebrate liagdlgat were present in the
European Lower Cretaceous record (e.g., helochdlyditles closely related to the
Aptian-Cenomaniarlastremys latalithostrotian titanosaurs), as well as by othrers
recognized in the Lower Cretaceous fossil recordurope, such as gar fishes,
bothremydids turtles and likely abelisaurid the@aepresenting Gondwanan clades.
Both the gar fishes and the bothremydids turtleskaown to be very abundant in the
uppermost Cretaceous (Campanian—Maastrichtianlsl@vé&urope, and the
abelisaurids represent the largest terrestrialgtogd in these ecosystems. Another of
the most abundant clades of reptiles in the uppstr@cetaceous levels in the continent
is that of the lithostrotian titanosaurs, which aeey scarce in European pre-Campanian
levels. Algora fossil locality provides valuablédarmation about this group of
sauropods for the European Cenomanian, based erasesgteological remainsThe
detailed study of the lithostrotian titanosaur ¢d@a revealed a Gondwanan origin for
some lithostrotians from Europe. The presence ahbess of Eusuchia is also shared
with the European uppermost Cretaceous faunasewioke primitive forms are
frequent in Lower Cretaceous sites. Thereforefdhaal composition of Algora differs
markedly from that recorded in the Lower Cretacdeusls in Europe, but shows some
affinities with that of the uppermost Cretaceousud, the faunal replacement identified
when the European Lower and uppermost Cretaceaumeantal vertebrate faunas are
compared had already occurred, for some lineagdsrédor during the middle

Cenomanian. The climate change that took placedsstvihe end of the Early



917 Cretaceous and the early Cenomanian is here iggh#if one of the factors that

918  conditioned this faunal replacement.
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Figure captions

Fig. 1. Geographic position of the palaeontological arealgbra, located in uppermost
middle-lowermost upper Cenomanian levels (Arenadtiilas Formation) in the
vicinity of the homonymous town (Guadalajara Praeincentral Spain}.5 column

fitting image
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Fig. 2. Fish remains from the Cenomanian (Late Cretaceafuslgora (Guadalajara
Province, central Spain). A-D, ALG 162 to 165, ssadfObaichthys africanusScale

bars equal 5 mn2 column fitting image

Fig. 3. Helochelydrid remains from the Cenomanian (Latet&reous) of Algora
(Guadalajara Province, central Spain), belongingftd’lastremys lataA—L, carapace
and plastral plates. A-B, ALG 167, probably fountiht costal, in ventral (A) and
dorsal (B) views. C-D, ALG 168, probably eight Ipéripheral, in dorsal (C) and
ventral (D) views. E-F, ALG 169, second suprapymatiorsal (E) and ventral (F)
views. G—H, ALG 170, probably axillary area of {b& hyoplastron, in ventral (G) and
dorsal (H) views. 1-J, ALG 171, plastral processbably corresponding to the right
hyoplastron, in ventral (1) and dorsal (J) views.LKALG 172, right epiplastron, in
ventral (K) and dorsal (L) views. M-S, details loé texternal surface of these plates. M,
proximal region of ALG 167. N, distal region of ALGG7. O, ventral area of ALG 168.
P, ALG 169. Q, ALG 170. R, ALG 171. S, ALG 172. T;-WLG 173, left femur in
ventral (T), dorsal (U), posterior (V) and anterfdv) views. X-Y, ALG 174,
osteoderm, in external (X) and visceral (Y) vie®sale bars equal 30 mm for A-L, 10

mm for M-S, 20 mm for T-W, and 5 mm for X-& column fitting image

Fig. 4. Crocodyliformremains from the Cenomanian (Late Cretaceous) gbral
(Guadalajara Province, central Spain). A-B, ALG ,ifr&gment of frontal, in dorsal

(A) and ventral (B) views. C-D, ALG 176, right epterygoid, in dorsal (C) and ventral
(D) views. E-G, ALG 177, fragment of left exoccaditin occipital (E), dorsal (F) and

ventral (G) views; H-K, ALG 178, posterior fragmeiftieft quadrate, in dorsal (H),



1355  ventral (1), lateral (J) and occipital (K) views-M, ALG 179, fragment of right

1356  angular, in labial (L) and lingual (M) views. N-RL.G 180, isolated tooth, in labial
1357  (N), lingual (O) and lateral (P) views. Q-S, ALG11&olated tooth, in labial (Q),

1358  lingual (R) and lateral (S) views. T-V, ALG 182¢liated tooth, in labial (T), lingual
1359  (U) and lateral (V) views. W-Y, ALG 183, isolateabth, in labial (W), lingual (X) and
1360 lateral (Y) views. Z—AB, ALG 184, ALG 185, and ALTS36, three partial osteoderms,
1361  in dorsal viewScale bars equal 20 mm for A-M and Z-AB, and 10 famN-Y. 2

1362  column fitting image

1363

1364  Fig. 5. Crocodyliformremains from the Cenomanian (Late Cretaceous) gbral

1365 (Guadalajara Province, central Spain). A—B, ALG ,J@0ximal end of left radius, in
1366  dorsal (A) and ventral (B) views. C, ALG 188, a shdrleft rib, in anterior view. D—H,
1367 ALG 189, probably cervical vertebra, in anteriof),(posterior (E), right lateral (F),
1368  dorsal (G) and ventral (H) views. I-M, ALG 190, pably cervical vertebra, in anterior
1369  (I), posterior (J), right lateral (K), dorsal (Lh@ventral (M) views. N-S, ALG 191,
1370  dorsal vertebra, in anterior (N), posterior (O)sd#b (P), left lateral (Q), right lateral (R)
1371 and ventral (S) views. Scale bar equals 20 &wolumn fitting image

1372

1373  Fig. 6. Theropod remains from the Cenomanian (Late Creteeof Algora

1374  (Guadalajara Province, central Spain). A—F, ALG,X@fudal vertebra, in anterior (A),
1375  right lateral (B), ventral (C), posterior (D), ldfiteral (E) and dorsal (F) views. G—P, cf.
1376  Abelisauridae teeth. G, ALG 193. H, Detail of ardedenticles of ALG 193. |, ALG
1377  194. J, Detall of posterior denticles of ALG 194.A.G 195. L, Detail of posterior

1378 denticles of ALG 195. M, ALG 196. N, ALG 197. O, &.198. P, ALG 199. Scale bars
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equal 10 mm for A—F, 5 mm for G, I, K and M—P, dnohm for H, J, and L2 column

fitting image

Fig. 7. Discriminant function analysis of the Algora (Cemanian; Guadalajara
Province, central Spain) theropod teeth includiaglcarodontosaurids such as
Acrocanthosaurusabelisaurids such #gcovenator escota@ ortosa et al., 2016) and
cf. Arcovenator escota@Pérez-Garcia et al., 2016b), akitbsaurusfrom Smith et al.
(2005), Fanti et al. (2014), Richter et al. (20F3@ndrickx et al. (2015, 2020), and

Longrich et al. (2017)1.5 column fitting image

Table 1. Discriminant analysis of the Algora (Cenomani@uadalajara Province,
central Spain) theropod teeth where they have @en lassigned to any group. 95% of

the sample is correctly classified.

Table 2. Discriminant analysis of the Algora (Cenomani@uadalajara Province,

central Spain) theropod teeth assigned to its awom

Table 3. Discriminant analysis of the Algora (Cenomani@uadalajara Province,
central Spain) theropod teeth where they have @em lassigned to any group and

Arcovenatorteeth have been included. 93.2% of the samplerrectly classified.

Table 4. Discriminant analysis of the Algora (Cenomani@uadalajara Province,
central Spain) theropod teeth where they have bssigned to its own group and

Arcovenatorteeth have been included. 93.4% of the samplerrectly classified.
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Table5. New faunal list for the Cenomanian (Late Cretasg¢aite of Algora
(Guadalajara Province, central Spain) proposebisngaper, based on the studies
reported here and on the information provided logmé papers, and comparison with

that previously proposed (Torices et al., 2012).



Predicted groups

Taxa Allosaurus | Acrocanthosaurus | Carcharodontosaurus Abelisaurids Chenanisaurus Dromeosaurids Total

Origind | | Allosaurus 29 0 0 0 0 0 29
Acrocanthosaurus 0 15 0 0 0 0 15
Carcharodontosaurus 0 1 44 2 0 0 47
Abelisaurids 2 0 0 22 0 0 24
Chenanisaurus 1 0 0 0 0 0 1
Dromeosaurids 0 0 0 0 0 3 3
Not gruped cases 1 0 0 4 0 0 5
(Algora)

% | Allosaurus 100,0 0,0 0,0 0,0 0,0 0,0 100,0
Acrocanthosaurus 00 100,0 0,0 0,0 0,0 0,0 100,0
Carcharodontosaurus 0,0 2,1 93,6 43 0,0 0,0 100,0
Abdlisaurids 8,3 0,0 0,0 91,7 0,0 0,0 100,0
Chenanisaurus 100,0 0,0 0,0 0,0 0,0 0,0 100,0
Dromeosaurids 0,0 0,0 0,0 0,0 0,0 100,0 100,0
Not gruped cases 20,0 0,0 0,0 80,0 0,0 0,0 100,0
(Algora)

95,0% correctly classified




Predicted group

Taxa Allosaurus Acrocanthosaurus | Carcharodontosaurus | Abelisaurids | Algorateeth | chenanisaurus Dromeosaurids Total
Original Allosaurus 27 0 0 2 0 0 0 29
Acrocanthosaurus 0 15 0 0 0 0 0 15
Carcharodontosaurus 0 1 45 1 0 0 0 47
Abelisaurids 2 0 1 18 3 0 0 24
Algorateeth 1 0 0 0 4 0 0 5
Chenanisaurus 1 0 0 0 0 0 0 1
Dromeosaurids 0 0 0 0 0 0 3 3
% Allosaurus 93,1 0,0 0,0 6,9 0,0 0,0 0,0 100,0
Acrocanthosaurus 0,0 100,0 0,0 0,0 0,0 0,0 0,0 100,0
Carcharodontosaurus 0,0 21 95,7 21 0,0 0,0 0,0 100,0
Abdlisaurids 8,3 0,0 4.2 75,0 12,5 0,0 0,0 100,0
Algorateeth 20,0 0,0 0,0 0,0 80,0 0,0 0,0 100,0
Chenanisaurus 100,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Dromeosaurids 0,0 0,0 0,0 0,0 0,0 0,0 100,0 100,0

90,3% correctly classified




Predicted group

Taxa Allosaurus | Acrocanthosaurus | Carcharodontosaurus | Abelisaurids | Chenanisaurus Dromeosaurids Arcovenator Total

Origina | | Allosaurus 28 0 0 0 0 0 1 29
Acrocanthosaurus 0 15 0 0 0 0 0 15
Carcharodontosaurus 0 1 44 2 0 0 0 a7
Abdlisaurids 2 0 0 21 0 0 1 24
Chenanisaurus 1 0 0 0 0 0 0
Dromeosaurids 0 0 0 0 0 3 0 3
Arcovenator 1 0 0 0 0 0 12 13
Not gruped cases 1 0 0 2 0 0 2 5
(Algora)

% | Allosaurus 96,6 0,0 0,0 0,0 0,0 0,0 34 100,0
T 0,0 100,0 0,0 0,0 0,0 0,0 0,0 100,0
Carcharodontosaurus 0,0 2,1 93,6 43 0,0 0,0 0,0 100,0
Abdlisaurids 83 0,0 0,0 87,5 0,0 0,0 4,2 100,0
I T R —— 100,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Dromeosaurids 0,0 0,0 0,0 0,0 0,0 100,0 0,0 100,0
Arcovenator 7,7 0,0 0,0 0,0 0,0 0,0 92,3 100,0
Not gruped cases 20,0 0,0 0,0 40,0 0,0 0,0 40,0 100,0
(Algora)

93,2% correctly classified




Predicted group

Taxa Allosaurus | Acrocanthosaurus | Carcharodontosaurus | Abelisaurids fégﬁra Chenanisaurus EREEBEIES | ATEstETien Total
Original Allosaurus 28 0 0 0 0 0 0 1 29
Acrocanthosaurus 0 15 0 0 0 0 0 0 15
Carcharodontosaurus 0 1 44 2 0 0 0 0 a1
Abelisaurids 2 0 0 21 1 0 0 0 24
Algorateeth 0 0 0 0 5 0 0 0 5
Chenanisaurus 1 0 0 0 0 0 0 0 1
Dromeosaurids 0 0 0 0 0 0 3 0 3
Arcovenator 1 0 0 0 0 0 0 12 13
% | Allosaurus 96,6 0,0 0,0 0,0 0,0 0,0 0,0 34 100,0
Acrocanthosaurus 0,0 100,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Carcharodontosaurus 0,0 21 93,6 43 0,0 0,0 0,0 0,0 100,0
Abelisaurids 8,3 0,0 0,0 87,5 42 0,0 0,0 0,0 100,0
Algorateeth 0,0 0,0 0,0 0,0 100,0 0,0 0,0 0,0 100,0
Chenanisaurus 100,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0
Dromeosaurids 0,0 0,0 0,0 0,0 0,0 0,0 100,0 0,0 100,0
Arcovenator 7,7 0,0 0,0 0,0 0,0 0,0 0,0 92,3 100,0

93,4% correctly classified




Faunal list in Torices et al|
(2012)

New determinations in
subsequent papers

New faunal list proposed
in this paper

Osteichthyes

Amiidae ®romerichthys
sp.

A single taxon:
Obaichthys africanus

Semionotidae or

Reptilia

Lepisosteidae indet.
Testudinata  Stem Solemydidae indet. (= Helochelys danubina aff. Plastremyslata
Testudines  Helochelydridae indet.) (Joyce, 2017)
Testudines  cf. Eupleurodira indet. | Algorachelus peregrina | Algorachelus peregrina

gen. et sp. nov. (Pérez

Garcia, 2017a)

Sauropterygia

Elasmosauridae indet. Elasmosauridae indet.
(Bardet et al., 2018)

Crocodyliformes

A single taxon: Neosuchja
indet.

Neosuchia indet. (non-
eusuchian)

Eusuchia indet.

cf. Abelisauridae

Dinosauria

Theropoda Carcharodontosauridae

indet.

Sauropodg

Lithostrotia indet. Lithostrotia indet.

(Mocho et al., 2019)
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The largest Europe Cenomanian concentration of macrovertebrates comes from Algora.
>Recent fieldwork campaignsin Algora have provided numerous remains. >The faunal
list of the siteis updated here. > Information about the Early to Late Cretaceous faunal
transition is provided. >This replacement is recognized as strongly conditioned by

climate changes.
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