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The Cuban Oxfordian herpetofauna
int the Caribbean Seaway

2ufma Gasparint, La Plata and Manue] A, iturralde-Vinent,
{.a Habana

Wélth 5 figures and 2 tables

Giasparing, £, & ITukral e Vinens M. A, (2008) The Cuban Oxfordian herpeto-
fauns in the Caribbhesn Seaway -~ N. fh Gool, Palont. Abh., Zd0: 343-371;
Btuttgnrt.

Abstract; The Oxfordian regtiles recorded in Cuba provide evidence of how the
Caribbean Sesway acted as habitat andfor covridor for ramerous pelagic predator
groups, and oven for thous, such ag pterosmes, that flew over the ares. The com-
position. of the herpetofama is provided 85 an Appetdlin, while remarky on the
pectomic setting, stratigraphic position, age, taphonomy, paleobiogrographic setting
and biogenpraphic relationships of the Cuban Oxfordian repiiies we given. The
fossils found in the lower to middle Oxfordise Jages Vieis Member of the Jagua
Formagon {Western Cuba) inchude s wide range of maning invertebrates as well as
fish, maring raptiles, dinosaurs and terresinial planss. The sbundance of plant resnains
fimeluding ree trunks), some prerosaars, o dinosaur, and evor a primitive plevrodimn
bartle, suggest 8 paleosrvironment not fur froma the coast, More “off shore” prodators
a5 plesiosaurs, pliosaurs, metriothrynchids and iohthyosaurs, probably crossed the

b . seaway it seasonsl megrations.

Fusammentassang: Die Reptitfmde aus dan Oxfordium vop Kuba geben Hin
weise, wie det Bhpandsche Korridor sls Lebensraum oder Wanderweg fiy Zahireiche
pelagche REuber diente, sopar for solche, dic das Gebiet per Lufl erreichien, wie
Flugsaurier. Die oxfordische Herpetofatna wird zusammen mit Daten zn Fundorten,
Fundschichten, Alter, Taphonomie und paleobiogeographischen Bezichungen als
Anhang messmmengestelit. Die Fossitfunde ans dem unter- bis mitteloxfordischen
Fagua Vieja-Member der. jagua-Formation (Wese-Xubs)} beinhalten zahlreiche
marine lvertehesten sowse Fieohe, Meorestoptilion, Dmosavrier wnd Landpfianven.,
e Hiofigkeil von Landpflanzen, insbesondere Baprtimmen sowie die Nach-
weise einiger Flugsauriet, sines Dinossuriers und soger ciner primitiven plesrodizen

O077-7T4B/06/0240-0343 § 7225
2006 £, Sohwwlterbertachs Verrgubuchiandiung, 0. 70178 Stuthgart
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Schildkriite devten auf ein kislennghes Habitat Die pelagisch lebenden Riuber
wie Plesiossurier, Phosaurier, Mesveskyokodile und Ichthyossurier passierten desn
Korridor verretlich salsonsl,

Kaywords: Reptiles, Cuba, Onfordian, Caribbesn Sepway.

1. introduction

Late in the §9% century, the occurrence of Jurassic rocks dated using ammo-
wites in Coby was ostablished by the Spanish mining engineer Manusr
FrrnAnper pe Castro (1876), and later obtained wide recognition after the
report by the furnous Cuban natgralist CARLos DE La Tores ¥ Huzrea
(1412). Both discoversd abundant furassic armmonites from = locslity named
Abra or Poerta del Ancdn in the Vifiales Valley of western Cubg (ATvAReZ
Cowne 1957). During later explorations of the Sierra de los Organos in the
First half of the 20% century, Dz La Towss v Huerra not only collected
smmonites, bul alse aumerous vertebrates, which were deposited in the
Department of Geology and Paieontology of the University of Havans, In
these early decades D 1.a TORRE v Hussra and Barning BrRowN collected
Juragsic fossils for the American Museum of Natural History, and Brown
& G'Conprl {1922) reported, for the first time, the cccurrence of fossils
maring reptiles in Cuba, Same of these specimens were desoribed fo.g, De
La Tomrne v Manwaro & Comovo 1939 DE L4 Torue v Maswase 8 Rorasy
1949; DE .o TORRE ¥ CALLEAS 1949, but many remained unidentified,
Field collecting of reptile bones continned during the entire contury by
different persons, gemerally guided by Juaw Gaiiarpo (28 expert fossil
hunter}, and the specimens were housed iv the Musgo Felipe Poey of the
University of Havana, in some private collections, and a the Nations)
Museum of Natoral History {Washington, D.C.), the American Museum of
Natural History {New York) and the Museum of Paleontology at Berkeley
{California). None of this material was studied, with the exception of 2
pterosaur in the collection of the American Museusn of Natural History
{CorBrRT 1969), A more recent report of a fossil Jurassic reptile {GUTIERREZ
1981} unfortunately can aot be evaluated becanse of the Iack of illustrations,
and because the material i5 now lost. Furthermore, scarce and andescribed
fossils of reptiles have been found in the Tithomian Bl Americane Member
of the Guasesa Formwation, and the Kimmeridgian-Tithonian Artemisa
Formation {P32cz0LEowsst 1978 HURRALDE-VINENT & NoreLL 1996}
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During the 19805 and 1990', one of the authors (M.L-V) visited the
Cuban fossil reptile collections in the musewmns of the United Sttes (US
National Museurs of Natural History, American Musewm of Natarat History,
and the Museum of Paleontology of the University of Californis in Berkeley)
a well as all the paleontological collections in Cuba. Through collecting,
exchange and donation, the collection of Jurassic reptiles of the Musec
Nagional de Historia Natural de Cuba (MNENCu) was created, Simul
taneously, the fossitbearing localities reported both in the literature and o
the rousenm specimen labels were rovisited in order to establish their precise
focation. For this job JuaN GALLARDO and his senior son were instrumental,
begause they knew all the fossil-bearing sites. A catalogue of the Jurassic
reptiie-bearing localities with a preliminary discussion of the taxonomic
position of the previously published taxa was published (IvURRALDE-VINENT
& NORELL 1994). '

A mew step in the investigations of the fossil haessic reptiles started in
1999, with field expeditions supported by the Nationat Geographic Seciety,
and the beginning of 3 very successful collaboration between the Museo de
La Plata {Asgentina} and the Museo Nacional de Historia Natural {Cubs).
As part of this cooperstion, every important speciman was prepared in
Arrentina. Previvus missvidentifications conld be emended, and new taxa
weie descrived (Fernivnez & irurraips-Vivewr 2000; De La Fuents
& TTuRRALDE-Voawr 2061 CGaspamsnr & frorparps-Vaent 2001
Gasparans et &l 2002; Gasearing et al. 2004), At the same tisne, the geclogy
and taphonomy of the fogsil-beating racks were investigsted, and Jurassic
paieogeographic maps produced (ITURRALDE-VingnT 2003, 2004),

The fossil record of Oxfordian merine reptiles i= poor worldwide
{Perason 1963, Barner 1995} snd penerally, discoveries are mainly re-
ported from the Northern Hemisphere. These are for example the reptiles
from the Omford Clay (Callovian-Early Oxfordian) of Eaglnd and
squivalent deposits of France (Martiy, & Hupson 1991 Baroey 1993,
1995 McGowan & Moras: 2003}, those found in Russia and neighboring
countried {SToRas of al. 20613, and the Sundance Formation and equivalents
{Late Oxfordian) herpetofauna & Wyoming, Montana, and Alasks (BAKKER
19834, Massare & SpersER 1990 O'Krers & Wanr 2003 s, b). In western
Cuba, the middle-to-date Oxfordian warine herpetofauna is particularly
mportant, not only for its taxonemic diversity, bt alse because the tme

" span of the faunule, poorly represented in other hutitedes (O°Keerr 2001 &;

O'KEEre & Wawr 20033, 20035) According to the record, the masine
herpetofauma is dominated by plesiosawronids (18/34), bt other groups in-
cluding ichthyossuriang {5/34), metriovhynchids {3/34), plicsausoids (2/34),
and turtles (1/32) are present. Likewise, pterossurs (W34) and dinosaurs
(1/34) have been found.
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early Onfordian sihicichsoes with rare Hoestone and mafie igneoss nter-
calations) into the Lautasian passive maripn-emly Cambbean sea fmid
Onxfordian through Late Cretaceous shales, sandstones, basalts, Lmestones,
and cherts), and the later development of the foreland basin {Paleocene
through Middle Eocens himestones, shales, bracoias and olistostromes with
olistoplates}. These rock suites are amalpsmated within the Goaniguanico
allochthoneus terrane (Iromear pE-Vingny 1994), which originated a4 pant
of the Maya (Yucaiin) block borderland (FrumRarpe-Vingnr 1964);
probably close to the lattude of Belize and o $e north (Hupson e al
1999y, The whole unit is stronply deformed locally, with some degres of
metamorphism, and piled up as a stack of aflochthonous tectonic sheets
wvergring novth and nosthwest, The degree of deformation varies, ot im-
portant for the preservation of the fossils is the fact that the shciclastic
miernbers of the sections, &5 the fossil-bearing Japue Formation, are usually
much more folded snd faulted than the mestone members (PIOTROWSEKA
1978, Pszozorrowssi 1978). This fzoilitated weathering and may have
broken o dismembered some bones preseried 1o the shales,

The Jurassic stratipeaphy of Guaniguanico has been deseribed in detail by
Pozororrowsys (1978 1999%, as hag the Oxfordian straty {Winpzbowsky
1976). Herein we focus on the description of the Hthology and taphasomy of
the fossil-beariag Fagua Vieja Member of the Jagua Formation.

2.1, Jagua Vieia Member

A unique fossil-producing unit In western Cuba is represented by the middie
to early Late Oxfordian Jagua Vieja Member of the Jagua Formation (Fig. 2).
This vt i up to 60 meters thick black to grey coloursd bineminous shalss
and calcarecus shales, laminated or thin bedded with intercalations of
thin bedded Hmestone beds, Within the shale mstrix ocour fossil-bearing cal-
careous concretions at almost every level. in many localities, at the base of
the Jzgua Vieja Member occurs an oyster-rich hotizon, just a fow centimeters
thick, which oveslies the delizic-marine shales and sandstones of the Sun
Cayetano Formation. AL other localities, below the Jagua Vieja Member are
found the Pan de Azdcer and Zacanas members of the fagua Formation,
representad by well-hedded shales, some fine sandstones, az well as shelly
and bioclastic Lmestones with oystertich coquinas {WiERZBOWSKE 1576,
Pezozoikowssr 1978). This ovsteryich level represents the facies bansilion
between the marine-deltaic San Cayetance and the shallow marine Jagua
Vieja Member, generally middie Oxfordian in age.

Concretions are lesticular and very variable in size, from a few centi-
meters up to nearly one meter across, and are composed of micritic limestone
or dolostone with or without leminations. Maost of them are fossiliferous.
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Fig, 2. Iursssic-lowenmost Cretaceous stratigraphy of Guaniguanico Tetrane, modi-
fied from PszczOimowsws {1978, 1999) and Wimmrsowssr (1976), inchuding
suthors’ field observations,

Concretions are found f sitw, within the dmk shales, a5 well as Joost in the
suil, at the bage of the slopes whete the Jagua Viejz Member cutcrops, and m
trails zround the tobacco plantations where they have been piled up by the
farmiers. Foesils found in thege coneretions inchude vertebrates, mvertebrates,
and plant remnzing. The interna! laminations of the concretions, when present,
are planar and infersect the foszil elements, in opposition fo sedimentasy
Farstination that wsually retaing the shape of the Fosal element. Dutcrops ate
sparse, and the shales are usally weathered fo form & reddish soil.
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Fig, 1. Map of Juzassic fosuil-bearing localities in wostern Cubs mentioned in this

paper (Uipdated from FTURRALBE-ViNgNT & NoRerl 1998}

I this paper we summarize our investigations of the Cuban Late furassic
nerpetofauns, and propose a paleoenvironmental scenario, analyzing the role
of the Caribbean Seaway in the distribution of pelagic predators, in aeder o
abridge the systematic information, an aanotated list of the Oxfordian Cuban
herpetofauna is inchided as Appendiz, Caban paleontological sites reported
in this paper ate locatd in Fig, | and Tabde £
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Aptanyms:

{SNM and NMHN. U S. National Museum of Natars] History, Washington, DC.
AMMH. American Mugews: of Natura! History, New Yotk

MNHNCu. Musse Nacional de Historiz Natural, Cobs,

IGE: Instituto de Geologls v Paleontologis, La Hebans, Cuba.

2, Geological setting

The Furassic fossil-bearing rocks in western Cube cutorop in the Sierta de fos
{irganos and Sierra del Rosario of the Guaniguanico mowntain range, as past
of 3 TLower Jurassic to Middie Eocene sedimentary sequonce {Fig. 1, Table
{3 This sequence charts the evolution of Panges {Mower-Middie Turagsic to

Tabie 1 Additional detsily of the localities mentioned it this peper. Genorally Bisse
paleontological sites represent around one square kilometer, The coliecting terrains
are Glopés, creeks and farmbands pear the karstified Himestones hils {locally named
Mogotes), Coordinates are reformed to the Cuba: 1258 008 scale soposmaphic srap:

- Eocality Topographic sheet Coord. X Coozd, Y
Cerca de Vidales () {onsolacidn del Sur -
and Ls Falma

Poerts de Ancda Consolackon del Ser 221180 3la00d
Laguena de Piedrs Conrolacide del Sur 2ETS 316306
Hoyos de San Astonie  La Palms 226300 10800
Fagmes Vicia I.a Pakma 22R5E80 320504
Hacienda Fl La Palrag 240340 33T 408
Americane (b

Heyo del Palmar L Falma 27RO 121063
Cainmnabo Herradura 244206 36900
Hoyo de bz Sierra Herrndurs 24L550 3148840

Notes:

| {s) This is an Ambiguous Jocality repotted in specimens collested eatly in the 20%

century. [ can be any place between Puerty del Ancdn, Lagena de Pledra and Hoyos
e San Antorio,

fh) ‘the palrontologic sites in this talde belong 10 the Japua Vigja Member of
the Jagua Formstion, with the exception of the Hacienda Bl Ameticano, which
belong to the Tithonian-Berriasian ¥l Ametivano Member of the Guasass Formation
{Pszcrorrowsk: 1978; ITUsRALEE-VINENT & NoreLn F9948).
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2.2, Depositional savironment

The base of the Jegus Vieja Member way deposited in very shallow watey
depihs, at perhaps #0 more than 10-12 meters, under serobic coaditions,
ag sugpgested by the oyster lumachelles with oncolites and aigal crusts
(Wienzpowsss 19763 According to Wmrznowskr {1976}, those parts of
the sequence dorminated by biteninous shales, represent geperilly anocxic
conditions, where henthic fauna was rather monoctonous and impoverished,
without benthic foraminiferens or macrobusrowers, being represented
mastly by pelecypods (neimartly oystersy, both overgrowing shells of dead
ammonites {(benthic island). However, those paris of the sections with
ghundant calcarsous concretions, yielded microfossils characteristios of low
energy, shallow wates, near shore, generally protected areas (Table 2). The
presence of benthic foraminifers, ostracods, pelecypods, gastropeds and
brachiopods in these levels, also suggests that the sea botfom was agrobic to
slightly disacrobic, Acconding io WIERZBGWSED (1976) the marked pres
dominance of perisphinctid ammonites in the Jagua Viejz Member seems
to indicate sedimentation &t shallow depths, but perhaps up ko one of
two hundred meters. The common occurrence of pycnodontiform fishes
{Gyrodus sp, and others) also suggests shallow marine enviromment in
the upper slops of the shelf (Kaower 2081 5). Many pycodont fishes were
bottom dwellers that fed mainly on invertebrates (Kiewer 2001 b

Indicators of the palecenvironment me the marine reptiles which include
both coastal and open marine dwellers. The presence of at least two pterosaur
geners {Nesodactylus and Cacibupteryxy, the coastal pleusodiran turtle
Carthenyr, and dinosaur remaing 3iso suggest that the coastline was close 1o
the depositional centre. The analysis of the wackestones-packstone where
the turtle Caribemys was inchuded yielded detrital vegetal remains and
Onfordian-Kinmeridpian fossils such as Frvrelne salevensiy {PAREIAS),
Favreina sp., Globochaete alpinag LoMsarsi, and ostracods with smooth
hyaiine shells, These organisms suggest that the sedimentary environment
wias o shalow waler protected platforrn (De 1o FUENTE & TTURRALDE-
Vavenr 2001). The abundance of fish, suggests enough food for lonpmecked
plesiosaurs, metriothynchid crocoditians {Geesaurus sp.) and ichthyosaurs,
A medivm-sized pliosaur (Peloneustey 5p.} phuyed the top predator role.

Characteristic of the basin was the absence of coarse terrigenous input {ao
sandstone intercaiations), suggesting that the susroending lands were already
invaded by the aea, snd the surface topogmraphy was redoced o 2 low energy
fiat fand,

Previous discussion suggests that the general Oxfordian scenaric repre-
sented by the Jagsa Vigje Member was onte of a shallow matine continentsl
miargis: (Lawrasian} facing a deeper marine basin {Early ProtoCaribbean) and

" Caleisphaeres (or Radiolaria 7)
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Table 2. Oxfordian microfossits from the bmestones of the calcaraous concretions of
the Jagur Viea Member, soggesting serobic o shigtly disaerobic manne bottom
waters, Identified by Sitvis Blance. Localities: |~ Mogote Guecamays, near Jagua
Wiejs (dolostone}; 2 — Hoye de la Sierra (wackestone-packstons) 3 — Mopote Japz
Yiefa (wackestone)y 4 — Siorm de Guasasa (wackestone-packstone}. Localities sez
Fig. | and Tabls |,

LOCALITIES
MICROFOSSHS H 2 3 4

{Flomaosping? ep, *
Colomisphaera of, { fibrata "
Faveeing raleversis

Favreimg sp. indel . -
Globochaete alping
Glabochazte 5.
Smad] gastropods and pelecypody . *

Ciatracods with sznooth hyaline shely ¥ "
Hedbergells sp.

Cadostnidae

Crusteeadosing aff, . semintdista
Committosphaenz 8p.

x+ ¥ ¥ F F R

Benthic foraminifers

. the coastal areas probebly were mostly wetlands (ITuararop-ViNewy 2003,

2004).

3. Taphonomic notes

The fossit assemblage of the Jagua Vieia Member is dominated by marine
slementy, buf tervestrial plant remzins are vhiquiteus, and even very comnon
a5 in Hloys da la Sierrs, where hupe quantities of large elements occur. Some
of the trunk fragments are isolated, without any portion of the concretions,
This might suggest that they derived from the shales, as they show no signs
of recent erosion. {ader these conditions, the acoumulation in the sediments
of plant debsis including lasge trunk and branch fragments {feventuaily bored
by pelecypods) requires some mechanism (o transpert the fagments of
terrestriai vegetation into the basip, as well as rmud particles. Fine plant
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debriz may have been carried into the ses slong tidal channels, but bunk and
branch fragments probably were incorporated into the sedimenis during
contal erosion, characteristic of sea-Jevel rise due to marine transgression.
The veriehrate fossils are generally found in the concretions. They are
very distinctive because the bones are black, while the color of the imestone
matrix is usually prev. Skuils and postcranial bones are neither deformed Ror
crished. Ammonite shells can be hollow or partially filled with calcareous
sediment or sparry calcite, but they have Jost the external nacre. Some
suptiles are preserved with great details, as most fish {(Arraria & ScauLray
1985) and the pterosatrs {Corsgrr 1969 Gasparmy et al. 20043 Fish
remains ae often fattened, probably due to collapse of the skeleton, but
three-dimensional specimens oceur. They usually are not dismembered and
retain the scales, suggesting that the bodies were not scavenged. Reptile
hontes present a shiny surface. They are generatly secrystallized, and most
skufls Jack the sufures. Al this suggests an early dizgenetic ongin for the
fossiliferous concretions {Pszcexdrxowsky 1978) The verchrate fossils
ogour as complete or pearly complete carcasses, and as isolated fragmentary
‘bones. Bxamples of articulated carcasses are mostly {ish. The carcass of a
stnall pterosaur is partially dismembered (Copkery 1969}, Only one carcasg
of 3 large marine teptile has been observed. But this ope was not in a con-
cretion but within a limestone bed of the El Americane Member (Guasasa
. Formation), now logt due to quarrying (G. FurrazoLa, personal commu-
nication 1986). In many examples, fish carcasses ocoupy the equatorial
plane of the concretions, partiatly protruding beyond the periphery, I the
body iz large and elongated, one or both ends of the fish can be missing, If
the body is discoid, the entire periphery of the animal is usually missing,
These examples suggest thet the preservation was testnicted to the con-
cretions and parts of the animals may have been fost after fossilization. This
tast possibility is exemplified by the ¢longated elements of fossi plants
which generally injersect the outer surface of the corcretions, so matter the
orientation of the ctement within the concretion. The same is true for some
long reptile bones, single or several articulated veriebrae, or a reptile skull
with some postoranial bones attached (Gaspariv & ITURRALDE-VINENT
2061 Gaseapin ¢ al, 2002). Skulls can be fairdy complete or Sagmentary,
due to the partial loss of the brain case of the tip of the rostrum. However, i
mmany of the skulls the mandible is articulated sithough stightly twisted, e.g.
Vinialesaurus caroli, Peloneusies sp., and Gecsawrus sp, (Fig. 5 A-C, E)
This suggests that the missing part of those bones may have been originaily
preserved in the embedding shales, but were later Jost due to weathering ora
secondary erosion of the concretion, Decomposition and partial aiteration of
the carcasses by microorganisms and bottom scavengers may have taken
place, because some bones were exposed prior to butial. This is evidenced by
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the srmmonites attached to both long boses (De La ToRme v CaLriias 1945}
and frapmentary skalls (Frorracog-Vinenr & Norerl 1996} However, no
fossi] bone has been recovered from the sheles of the Jagua Vieis Member
until now. The degres of westhering of the shales is very high, because the
Emestone mountains (Sierra de Los Ovganos) receive as much as 2006 mm
sainfall & year (Nueve Atlas Nacional de Cuba 1988). The relative hunidity
is high because surface waters not only drain to the rivers, but also percolate
and infiltrate the sediments in great quantities, due to the strong fracturing of
the shales and karstification of the limestones, The high weathering fevel
sty apainst the preservation of more complete carcasses. Probably lagge
smousts of fossi] matedial is currently dissalved within the shales, Some of
the euposed concretions are eroded and further dissolved during trans-
portation by surface drainage.

These observations supgest that the Cuban fossil material sulffered 4
taphonomic history similar 1o that deseribed by Manrai (1987) for marine
reptiles in the Callovian Oxford Clay Formation of central England. After
death, the carcasses reached the sea floor intactly, The parts of the bodies in
contact with the sediment, and those parially huried in the mud suffered
timited decay. Fish, for example, are fally preserved, even with skin im-
pressions, probably due to rapid burial perhaps by sinking into 2 soupy
substrate, very simitar to the Brazit Santana concretions {ManTaa 19971 in
farge animals such as reptiles, burial tates were slow and probably did not
cover the body so guickly, Parts of the tlesh may have been exposed at the ses
bottom o seavengers and accelerated decay. In these conditions the carcagses
may coltapse and the bones may be partially dispersed, Only some elements
semmain artoulsted and essociated. In due time, loosely associated carcasses,
as exemplified by the ptesosaur Nesodactylus hesperius (Fig. 5B}, may have
been completely busied. There is no evidence of bones transport by hottem
currents. After burial, dlagenesis produced the calcarvous concretions that
enclosed parts of the carcasses, while other parts were probably preserved
within the shales. Therefore, we hypothesize that some large mariue eptiles
te the Jagua Vieja Member may be mote fully preserved, even as articuluted
carcasses, deep below the weathering horizon.

4. General pateogeography during the Oxfordian

* During the break up of Panges in the Lpper Jurassic the oceanic gap between

North America and (ondwana widened {Fig. 3). This widening gap
restricted the possibility of overland dispersal botween the terrestrial biotag
of these continentsl areas. Probably since the Bajocian, but surely sinot
the Oxfordian, sech faumal interchange ceated (FTURRALDE-VINENT &
MacPuss 1999).
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Fig. 3. Simplified {xfordian palcogeographic map of the Lanhi}mn with 2 small
insert of the wotld scetanio. Shaded & land. Guaniguanicolerrane repiisents a
section of the Caribbean margin of Yacatan (Mayva Block) in this map. Arrows meins
rrarine ipterconnectivity among main oceans, Modified Fom ITURRALDE-VINENT

{2004).

A marine basin with ocean crust was developing within Iﬂm Qu}f af
Mexico region since the Callovisn and within the Caribbean fegion since the
Oxfordian, At this me the Gulf of Mexico was an independent manne
extension of the Pacific Ocean until the latest Jurassic (Kimmeridgian-
Tithonian), when finally communication with the Caribhean and the Atlantic
was developed (Sarvapor 1991, MarroN & BUFFLER 1959}, Before the
Kimmeridgian, an emergent nidge was developed h;mreﬂn p:mm-dray
Florids and Yucatsn, which separated the Guif of Mexice from the Carib-
bean. This peninsular Jand ridge probubly supported the terrestrial biota
represented in the Jagua Formation. The Caribbean Seaway, 4 corridor only
since the Oxfordian, was widely opened o allow exchange of p{:!agm
marine hiota between Western Tethys and Eastern Pacific realms (Fig. 3;
ITmraLE-Vingner 204
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By the end of the Jurassic this Yucatan Lawrssian continental margio
(Craniguenico terrane} tesulted in deeper marine environments {Percrzdi.
xewskr 1978, 1999, SAncHEz-BarreDa 1990, SCHASFHAUSER of al. 2004),
and sparse remaing of marine reptiles have been reporiad in these deeper
facies (Tithonizn-Berrigsian Ef Americano Momber of the Guesass For-
Tation),

5. Paleobivgeographie implications

A shallow marine connection, perhaps intermittent, between the Western
Tethys and Eastern Pacific through central Panges (“Hispanic Cosridor™ of
Smarri {983), since the beginning of the Jurassic, has been proposed by
pumercuns aihors who recognized, i both geographic realms the same
geiera and even species of marine invertebrates {DameormaEs &
Mancermpo 1979 Harram 1983; Ricospny 1990 Barzony & WhaTiEY
Z00{, DavporExNea, HO0; ABEREAN 2001 ). Accordingdy, and at least since
the Bajocian, these realms share several geners of marine yeptiles, Hence,
the possibility of the Caribbean Seawsy acting as & connection, perhaps
Brteraittent, cannot be discarded {Gasparenr F978, 1992, Gassaung &
FernAnnsz 1996, 2005) However, it was not unti] the Oxfordian, when
marine reptiles are Tirst rocorded in the Caribbean reabn, The opening of this
COCRNIG SCAWAY reftesenis &t Dnpottant paleocesnographic ovent, as only
since that time the Mesozoic deep circumequatorial oceanic ¢irculation that
linked the Tethys, Central Atlantic and Fastern Pacific oceans have com-
meticed (ITURRALDE-VENENT 2003, 204 Since Swarnr (1983) several
authors have used the name “Hispanic Corridor™ for the Caribbean Seaway.
Here we challenge the liberal use of this term, as “Corridor™ imphes full

 communication and faunal interchange, which is only true for the Cantbbean

Seaway since the Oxfordian {(Irusmappe-Vinesy 2004). Previously, the
Ceribbean seavway was not well developed, and probably was represented by
& system of intercontinenial channels which probably were ondy lmporarily
connected during high sea level stands {ITURRALDE-VINENT 2004). In
these conditions, before the Oxfordian, and probably since the Pliensbachi-
an, the Caribbesn way mose & filter than 2 corvidor for the mavine Bamay
{DAMBORENEA 2600}

Based on the phylogenetic analysis of the teleosteans of the Oxfordian of
northern Chite, Vigtales fCubs), and the Tithordian of Solnhofen {Gaomany),
ARRATIA (1996} conciuded that the fossil record supports 3 comnection
between Buropesn and Chilean fish fauna through the Carbbean seaway.
Accordingly, Myczynske gt al. {1998} recognized the same ammonile 2ones
in the Middle-Late Oxfordian deposits of Chile, southern USA, Cuba and
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Therda, The record of marine reptiles ir the Late Jurassic strata of Cuba,
Mexico, western Americas, and Europe also demonstrates that they shared
severa] genera, o _
The ﬁ?am North American exposures yielding upper Oxfordian manne
septifes are those of the Redwater Member of the Sundance Formation and
pquivalents, in Wyoming and Montasa, They have been known since the
Beginning of the 20th Century, maigly through the ichihyosaur Uphthalmo-
sawrus (= Baptanodon) {Grmons 1906; Meliowan & MoTan 2G03). More
recently Bakker (19934, b} and O'Krrrs & Wanr {2003 a, b} have reve%iﬁd
& move diverse assemblage with plestosanroids, pliosmuoids and metrior-
nynchids. The middle-upper Oxfordian rocks of western Cuba, contan 2
related marine herpetofauna, but with higher taxonotnic diversity, Likewise,
most of the Oxfordian reptiles of North America and Cuba have close phylo-
genstic relationships with those of the Callovian-late Jusassic of Europe
{FERANDEZ & ITURRALDE-VINENT 2000; Gasparin & THRRRALDE-ViNENT
2001; Gaspakint ot al. 2002; O'Kerre & Wart. 20034, i), Gasearin et af,
{2062} ndicated that the plesiosaurcid Finlalesawrus from I{fupa has strony
affinities with Kimmerosaurus Brown from the Kirumeridgian and with
fricleidus ANpREWS from the Callovian, both of England {mmmgw:s }?1_13;
Browx 1981). In frn, O KEEFE & WaHL (2003 b) demonstrated sinitarities
betwaen the Notth American plesiossuroid Tutenecres laramensts KIuGHT,

1906 new comb., from the Sundance Formation and Kimmerosauris and

Tricleidus. 1

The ichthyosaur Ophthalimosaurus is recorded in the Sundance Formation
(McGowaN & Momant 2003), and also from the Callovian-Tithonian -':}f
Rurgpe (Barper et al. 1997), and the Tithonian eri" northern Palagona
(FrrNAnDEZ, in pressh. In Cuba, the most complete ichthyosaur ﬁ:agnmt
was referred by FrRnAnDez & HURRALDE-Vinenr (2000) to an indeter-
minate ophthalmosaurian, recognizing faits such as the very targe orbital
cavity and sclevotic ring, as well as the reduced extracondylar ares of the
hustoccipital, as seen in Ophthalmosauridae. 1

Severa! remains of metriorhynchid crocodilians were found in western
Cuba, at least one of them assigned to Geosawus sp. (Gaseavnn &
FRURRALDE-VINENT 2001). This is the oldest record of the genus. BAKKER
{1993b) reported the presence of metriorhynchide in the S?ndanm For-
mation, but they have not been studied or Hibstrated so far. ¥ is mmbqhy
that Geosaurus FRAAS, has been tecorded in the Tithonian of eastern Mexico
(Srevnpsseck et 8L 1963, Frey et & 0652, the 'Ir‘athemn af northern
Patagonia (Gassarna & Dernark 19763 and the Tithonien of Germaty
(BarnkT 1995; VianauD 19955, a distribution that encompasses at jeast the
European Tethys, the Caribbean Seawsy and the Fastern Pacific.
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in the middie-upper Oxfordian of Cuba were slse found a skull and man-
dible of Peloneustes sp. (ZG, in study). Peloreuster is 2 mediun sived
phicsair frequent n the Calloviag from the Oxford Clay (Axneaws 1913
&' Kerrr 2001 4). BAKKER {1993b) reperted the presence of Pllosaurus sp.
ia the Sundance Forrnation, but no studies or illustrations of the material
were published, A gigantic phosaurid “The Monster of Aramberti” was
found in Kimmeridgian rocks of northeastern Mexico (Bucay et al. 2003},
The presence of gigantic pliosaurs in the iate Jurassic is not infrequent both
i Europe and northern Patagonia (GaspaRp, in press).

Caribemys oxfordiensiy is the oldest marine Pleurodisan turtle known, De
14 FUENTE & ITURRALBE-VINENT (2001} recogmized its refationships to
other pleurpdirans from the Upper Forassic, such as Platyckely from the
Kimmertdgian and Tithonian of Futape and Notoermys Carror £ Faesgra, -
1961, from the Tithonian of northwestern Patzponia (Fernanskr & De la
Fugnete 19943 '

The Rhamphorbynchidae (Uivwee 2003} are reprosented in the fossi
record frotn the Tosrcian to the Tithonden, bat the Cxfordian and Kimmerid-
gizn forms are poorly known {WeLLNgorER [1991L In Cuba there arg two
taxa Nesodoctviug kesperfus andd Cacibupteryz caribensis, and 2 thind
cne which has a crest on the sapittal plane of the rositem {CoboRn &
Gasearir in smdy). The holotype of Cactbupterys caribensiz is the best
preserved noddielate Oxfordian prerosaur skull reporied so far (Gasrarpa ot
af. 2004} but at the moment the phylogenetic relationships are not resolved.
The probable record of 3 camarasawomorph in western Cuba, probably
derived from the Florids-Yiecstan Ridge (Fig. 33, would be consistent
with their distribution in the Kimmeridgian-Tithopian of North America
Mo inToss 19903, .

8, Conclusions

{iven the present state of knowiedge of the Cuban Oxfordian reptiles, it may
be concluded that: {1) Fossil remaing of Jorassic reptiles from western Cuba
occur (Guanignanico Terrane), mainy in the middle-upper Oxfordian Jagua
Vieje Member of the Japua Formation, cropping out in the Sierma de los
Organos {Pinar det Rio provinee). (2) These fossii-bearing strata were
depusited in shallow marine conditions on the continental margin of Laurasia
fwith coastal wetland) facing the deeper Caribbean oceante seaway, {3}
The vertebrate fossils reported from the japus Vieja Member have been
historicaily recovered from calpereous concretions embedded i black
shales, where small animais such as fish, nrtes and plerosaurs are almost
complete, but the skeletons of the larsgest reptiles are always incomplete.
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These remains include well-preserved igolsted bones, articulated skulls and
mandibies, and segments of vertebml columns. {4) The taphonormic ansbysis
sugiesis that theme was no active predation on carcasses on the sea Do
priof to fossilization. {5} Most of the fossil reptiles of the Jagua Vieia
Member are marine and inchude Hrlsttosuchians (Geosgurus sp b, pliosaure-
marphs  {(Peloneustes  sp.}, plesiosauromorphs  (Viniclesawrus  caveli),
ichthyosaurians {(OGphthalmossuridas), chelonians {(Curibenps oxfordicnsis)
znd plerossurs {Nesodaotolns fesperiny, Coacibupterys caribensis), At least
one remain of a dinosaur suggests the presence of terrestrial animais whose
varcasses were carried to the sea, (6) Most of the marine reptiles from the
mddie-upper Ox fordizn of Cubs have close phylogenetic relabionships with
these of the Callovian-late Jurassic of the Buropean Tethys and late Jurassic
forems of the Eastern Pacilic fOxfordian Sundance Formatien of north-
western MNorth America and Frthosian Vace Muerts Formation of porth-
westerns Patagomia). {7} The Jurassic Caribbean Seawsy was a corridor for
the dispersion of pelage reptiles betwesn the Buropeas Tethys and the
Eastern Pacific since the Oxfordian, as well as a barmier to dispersion of
comtinental forons botween Lavrasia and Grondwana,

7. Appendix — Systematic paleontology

The first papers deseribing the Cuban Jurassic herpetofauns wers published
doring the first hall of the 20th Century by graduate students under
the guidance of RicarRbo bt LA ToRRE ¥ Mabrazo {senior professor of
Paleomtology 2t the University of Havasa) Several new faks wers intro-
duced, generally descobed as ichthyosaurs (B La Torre v Madrazo &
Cuervo 1939 D a Torre v Maprazo & Roms 1949), s actually re
presenting plesiosaurs, crocodiles and fish {Irunraipe-Yeent & NORELL
1996; Gaspari & Frorratpe-Yivgwt 20010 A long bone of 3 dinosaur
was also described as a humerus or fermur of a “diplodocus™ or “brontosaur”
£0% ta Tores ¥ Calizmias 1949 In these early works, the spocimens werg
poorty prepared, imadegustely described and improporly allocated taxo-
mormically. Since the study of Covnrrr {196%) on the peerosaur Nesodac-
fefus, the Coban Jurassic reptiles catalog (JromRALDE-VINENT & NoORELL
1994}, and the preparation and study of ofd specimens phus others discovered
mare recently, kbowledpe of the Cubnn Onfordian herpetofauna B
increased greatly. A synthesis is presented here,

All the specimens reported here were recovered from the Jagua Vi
Member of the Jagus Formation (see Geological Setting; Figs. -2} How
ever, they can mot be understood a5 2 natursl association or assemblage,
bepanse they are nseally found Bpolated, even within the same locality, {1 s
important 0 underline that most of the specimens are Incomplete, due o
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fig. 4. Oxfordian repliles of Cuba, AR — (MNFNCs PI00%) Finiglesawruy caroli

{08 La Tokks v Maorazo & Ro1as, 1949 C . (MNHNCa P3005) Pelonsustes sp.;

B - {MNHENCy P36R) Ophihabmesansia indet skoll, right view; £ — (MNHNCa

i’gﬁ}ﬂ?} Creratrus 5p.; F o (NMINH 419640 dovsal thatattosuchian vertebrae, Scale
g,
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both taphonomy and collection biases. The concretions had to be- broken
for ingpection, because not always is there external evidence of the fossil
gontent. In addition, many concretions have been found broken with thesr
fragroents separated due to plugging for agricolture. Finally, some specimens
have been damaged due f0 ingppropriate preparation.

Plestosaveia % Bramviiee, 1833

Plesiosmsroidea {Gray) Wt 52, 1943

Crypioclididae WiLiron, 1923

Yiniafesauriy GASPARINL, HARDET, ITORRALDE-Y ey, 2007

Vinfafesourss caredi (D8 54 ToRRE v Mapgazo & Rouas, 1949

Synonyms. Orypiocleidun? (5i0) cuervel carplt D (4 ToRzEY Mabrazo & Roas
{194%).

Material: MNENCa PR tholotypel (Figo SA, B Irumealoe-Vinent &
Mowger 1996, fig. 63 Aaterior part of skull and mandible with associate atbas-axis
{Chagraians of al, 2802, figs. 2-3} g

Locality: Near Viflales, botween Laguna de Madra and La Palma (Fig, 1)

Comments: DeLa Tomrey Manrazo & Rovas {1949) reported the sccurrenas of
iong-necked plesiospuria frown the Sierrs de low Organos and desoribed e tanon
Cryprocteidus? {(51¢) cuervol corofi (JTURRALDE-VINDNT & NomELL 1996, fig. 6),
Recenty the holotype (Fig. 44, B} was prepered and described as Crypoclididae
Finfalesanris caroli pov. comb., belonging to the siater-group of Cryprochidus-
Fimmercsaerns {Gastarms, Baroer & Inusrarbe-Yinany 2002, figs, 2-33,

Plestossuroides indst.
Comments: Many other postitantal elements (verebme, frageesary long bones,

tibs, and pectoral gindlel, as well as 2 frageemtary wnidentified mandibles and dkafls,
huve been found fo differont jocabities at the same stratigraphic fevel,

Pliosavroides Weties, 1943 {sonsu O'Kesyn 2001 a)
Phosauridae SERLEY, 074

Peloneusies sp.

Materind! MMNHNC: P300S (S 40, Patal gl and mandible,
Locality: Northern stope Sierra de Caigoansbe (Fig. §, Table 1}
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Comments, A compatison with pliosmuroids stored #t the Naturat History Museum

{imﬁap}, espm‘aﬂym? of the few specimens preserved in 3D (R 4058}, snd at the

Gmhgsqh—Pﬂ%unmbgimhe Institet dor UniversitBt, Tobinger, suggested that the

{:mum saii;u?md cotresponds 20 4 pew species of Pelomeustes Lypugxen {2.0.
¥1.

Phowanroiden indes,
Material: MNHNCa POR2R,

Loecality: Hoyos de San Antonio,

Comments! A mandibular fragment with widely spaced circular alveol, Very
damaged material that cannot be prepared and therefore not identified

{ththyosauria DE BLamviig, 1833
Opbthatmopatria APPLEBY, 1956 {senss Motam 1999}
{phtbatmosauridee Bam, 1H87

Ophthalmoraurid gen, of sp. inder

Material: MNHNCe P3068 (Fig, 4D} Several boney of one skafl partially dis-
articlated (both prerygoids, the basisphenoid, the basioccipital and part of the
stleretic ring) (FeanAnorz & IRRALDE-ViNgNT 2000, figs. 2423,

Looality: Probably on the southern slope of Sierra de Guasess (Fig. 1, Tuble 1)
Comments: As remaried FRRNANDEZ & IFUmRalbe-VINENT (20003, the mosl
striking foatire i this specimen iy the large orbit inferred on fhe large size of the
selerotic sing (estimated diameter: $5cmy. This character, together with the extry-
condylar aree of the bastoecipital reduced, in postetior view, are present in Ophikal.

. mosauridas (MCGewan & MoTaws 2603).

fchthyasanria indet.

Material: MNHNCu: P3864, mandibudar fagment; MNHNCe P3867, fagment of
u}ﬂmmwy darnaged with eroded teeth; MNENC P 3808, very domaged Sapment
FOSIrum,

Lo¢atity: MNHNCu PI864, MNHNCs PI38GT: Jagus Vieja (Fig. 1, Table 1)

- MNENCu P3808: Hoyos de San Astomio.

Iehibyvesuria indet.
Syeonymy: lehtiposaunis forrer P La Torss ¥ Mabaazo & Cussvo, 1939,
Material: MNHNCe P300G], skull frapment with mandibutar rami atached,
Locality: Lemna de Piedrs (Fig. 1, Tebde 1),
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Comments: This specimen was described as holotype of Jehthyosaurus rorved by
Be s Torre v Maprazo & Cusevs {3935 bt this descniption was poor. The
specimen was prepared in the Maosco de La Plata, and then referred ¢ & Metrios
hynchidae (Gasmanita & ITURRALDE-Y aEnT 2001 However, s nuw analysis of the
mterial sugwested that the latier determination was incorrect, and that MNHNCh
P30y belongs 10 an Johthyesauria {7.G. & M.F ip smdy).

Crocodyliformes Benron & Crary, 1988
Metriorlynchidae Frrzmoes, 1843
Ereoyauray VR, PRI

Creasdatertiy sp.

hateriat: MNHENCh P30609 (Fig, 48}, kel and mendible attached with damnged
aflag-ais (ITURRALDE-YiNsnT & Norerr 1996, fig. 7 Gaspaibi & Frongaloe
Waeearr 2001, fig, 23,

Locality: Sowhern slope of e Sicrra de Guasasa {Fig, 1, Table 11

Comments: The sknll s slighthy Sattened and displaced to the right; consequently,
the mandible can be seen in dorsad view (Fig. 4B} Characters sech as ovil shaped
supratempors! fenestrae and anple formed by the sapittal and postorbital raon of the
fromtal wnore atute than in Setrorfynehuy (ViGaaun 19935), suggest the essigamment
of MNHNCu £ 3009 o Geosaurus 5p.. This i the oldest rocord of the gonas, a5 it has
been recorded hitherto only in the late Kimemeridgisn and Tihonian of Germany,
Switzarfand, Mexico, Chile and Arpenting {Gasparmi & {Tuaraine-Vewns 2001,
Fuky ot sl 2002,

Memiorynchidae indet.

Synonym: Grasaurss sp (GASEARIN & ITURRALDE-YiNeNT 2061), Crytocieidaid
R ppee 20030},

Materisl: Access Number 419640 {previously MMNH 18699). Incompiete shall
ant! mandibie Lovality: Faerts de Apcdn (Fig. 1, Table B

Comments: Reocently, O'Kepre (2003, fig. 6 descrtbed this specimen and oo
ferrad it to an sharmant ceviockuidoid. Previously, Gasparing & Frogralbe-VINesT
£2001) refurred the same spechmen, with the pumber NMNH 18699, to Geotaung

gp. The features observed in the paiate and the darsal side of the shull are those of 2
metriorhynehid crocodie.

Thalaktasachia ndet.

Material: EENM 451042, Access Number FRG07. Five articeisted dorsal verle-
brae {Fig. 4 ¥}
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Fip. 5. Onfordian repiiles of Cuba. & ~ (MNHNCy P25 carapas of Caribemys
exfordiensis DE ta Fuente & Trurparpe-Vinewr, 2005 B - {AMNH 20

- MNesodactilus hesperiug Covsery, 1969, © - (BOP-V 208 Cacibupterys caribensis

Gasranimg, Frpvanesz & De oa Foenre, 2004, Seale O om,

Locatity: Hovoede te Sierre (Fig. 1, Tablz b

Comments: The dorsal veriebrae are articulated. The cepbum in kateral view is
sandglags shaped with the anterior and posterior ends with comspicnons strize. This
kind of vartebra s szen both in telensaurids and metrorhynchids (Vicwaen 19493,
henoe i s impassible to 3ssign them to one of these famikies.






