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Abstract: Most reports of Paleozoic and Mesozoic vertebrates from Venezuela are anecdotical, with few detailed 

descriptions of mostly 'fish' groups. Synapsids (e.g., mammals) are totally unknown, and dinosaurs are only re- 

ported from the La Quinta Formation. At least 14 formally recognized geological formations contain fossil verte- 

brates, most from the Central and Western parts of the country. In the Devonian there is a significant contrast be- 

tween the vertebrates of Venezuela and Colombia and those of more southern parts of South America. Marine rep- 

tiles are present in a few localities in western Venezuela, and are very fragmentary, with one exception. A mosasaur 

from the Cretaceous La Luna Formation, reported here for the first time, is the most complete vertebrate (tetrapod) 

from the Cretaceous of Venezuela, and includes a partial skull and a few postcranial remains. 
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Kurzfassung: Berichte ~Jber pal~iozoische und mesozoische Wirbeltiere von Venezuela sind weitgehend anekdo- 

tisch, mit der Ausnahme von wenigen ausftihrlichen Beschreibungen, die meistens 'Fischgruppen' betreffen. Synap- 

siden (z.B. Mammalier) sind v611ig unbekannt und Dinosaurier sind nur aus der La Quinta Formation nachgewiesen. 

Mindestens 14 formell anerkannte geologische Formationen haben fossile Wirbeltiere geliefert, meistens aus den 

zentralen und westlichen Landesteilen. Im Devonium f~illt zwischen den Wirbeltieren aus Venezuela und Kotumbien 

sowie jenen aus stidlicheren Regionen Sttdamerikas ein wesentlicher Gegensatz auf. Marine Reptilien sind aus we- 

nigen Lokalitaten von Westvenezuela nachgewiesen. Diese Funde sind mit einer Ausnahme sehr fragmentarisch. 

Uber einen Mosasaurier aus der kretazischen La Luna Formation wird hier erstmals berichtet. Dabei handelt es sich 

um das vollst~indigste Wirbeltier (Tetrapode) aus der Kreide yon Venezuela. Das Material umfasst einen unvollst~in- 

digen Sch~idel und wenige postcraniale Reste. 

Schliisselw6rter: Fische • Reptilia • La Luna • Sttdamerika ° Biogeographie 

I n t r o d u c t i o n  

In fo rmat ion  on p re -Cenozo ic  fossil vertebrates f rom 

Venezuela  is d ispersed  in  the li terature, and much of it 

is publ ished in  local  papers.  Many of the reports are 

simple c o m m u n i c a t i o n s  in  the notes presented by  

ODREMAN RIVAS 8~: MEDINA (1984, see also ODREMAN 

RIVAS 1997), and  in  the L6xico Estratigrfifico de Vene- 

zuela (MINISTER[O DE ENERG~A Y MINAS 1997). 

There are also several  notable publicat ions nowhere  

summar ized .  In  addi t ion,  we have in format ion  based 

on discussions  with local  geologists  and on our  own 

old and new locali t ies.  We s u m m a r i z e  here these re- 

ports  and provide contex tua l  i n fo rma t ion  that is rele- 

vant  to unders tand  the s ign i f icance  of the fossils. Al-  

though some of the i n fo rma t ion  presented  here is an-  

ecdotical ,  we th ink  that  it gives clues for future explo- 

rat ion and research,  as Venezuela  remains  a potent ia l ly  

rich source of ver tebrate  fossils for the Paleozoic and  

Mesozoic.  
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The pre-Cenozoic vertebrate record of Venezuela 

consists of mostly isolated occurrences, for the most 

part the result of occasional findings of local geologists 

who have stumbled upon fossils. There is not a single 

site from which a truly diverse vertebrate fauna has been 

described, although some fish assemblages from the Si- 

erra de Perija may provide this as soon as they become 

well-researched (YOUNG & MOODY 2002). Ample ex- 

posure of Paleozoic rocks are known from the Sierra de 

Perij~i, a northward extension of the Andes along the 

Colombian-Venezuelan border, reaching 3688 m at 

Monte Piano (GONZALEZ DE JUANA et al. 1980). 

In most cases of reports resulting from oil explora- 

tion or occasional work of geologists, the original sam- 

ples are lost. Most of these specimens were part of  tem- 

porary collections of private companies, which no 

longer exist or ended up in private hands or got lost. 

More recent work by JOHN M. MOODY (b. 1952) and 

collaborators has resulted in a modest but pioneering 

collection at the Museo de Biologfa de la Universidad 

del Zulia (MBLUZ), in Maracaibo. 

We will use a chronological presentation of geolog- 

ical formations with vertebrate fossils. The names of the 

formations follow the most recent L6xico Estratigr~fico 

de Venezuela (MINISTERIO DE ENERGtA Y MINAS 1997). 

Much information until the time of the publication is 

found in the second edition of the classic work of  LID- 

DEE (1946), but approximately 40 % of the formation 

names used by LIDDLE (1946) are no longer in use. The 

MINISTERIO DE ENERGIA Y MINAS (1997) has lists of 

synonymies for each valid formation. The validity of 

several formations has been and continues to be a mat- 

ter of controversy among stratigraphers in Venezuela - 

the discrepancies reflect different philosophies on what 

a formation is, besides nomenclatural issues, which in 

many cases have also played a role. Geologists with a 

European background have tended to see formations as 

chronostratigraphic units, whereas those with an Amer- 

ican background see them as lithostratigraphic units. 

In this paper we make reference to the main politi- 

cal divisions of Venezuela. Administratively, Venezuela 

is divided into 23 estados (states) and the federal district 

of Caracas. The islands of Margarita, Coche and Cuba- 

gua collectively form the state Nueva Esparta, 72 re- 

maining islands are federal dependencies. The states are 

further divided into municipios. 

Abbreviations: AMNH, American Museum of Natural His- 

tory, New York and NHM, Natural History Museum, London 

(formerly BMNH, British Museum Natural History). 

Chronologica l  overv iew  of the Paleozoic 

and Mesozoic  ver tebra te  record of 

Venezuela  

Carlo Grande Format ion,  Lower - Middle 

Devonian 

BOWEN (1972: 740) mentioned the presence of teeth of in- 

determinate fish in the Carlo Grande Formation (Rio 

Cachirf Group), Perij~i, Zulia State. This would be the old- 

est record of vertebrates from Venezuela. The age of the 

deposits is reported to be Lower and Middle Devonian, 

and the paleoenvironment is one of shallow waters, per- 

haps marine or brackish (MINISTERIO DE ENERGIA Y MI- 

NAS 1997). ODREMAN RIVAS & MEDINA (1984: 66) 

doubted the validity of this report, based on the (purport- 

edly well supported) age of the deposits and the marine 

habitats represented in them. According to these authors, 

the groups of fishes with teeth at the time were all fresh- 

water dwellers and not marine. This is incorrect, as there 

were marine 'fish' with teeth at the time (BENTON 2004). 

So little information is currently available on this vague 

report that its importance remains questionable. 

Campo Chico Format ion,  Middle  - Late 

Devonian 

A diverse and new fish fauna of Gondwanan affinities 

was described by YOUNG & MOODY (2002) from the 

two localities and several horizons belonging to the 

Campo Chico Formation in the Sierra de Perij~, Zulia 

State. About 400 specimens are listed from the collec- 

tions of the Museo de Biologfa de la Universidad del 

Zulia, with additional copies or some parts deposited at 

the Museum for Naturkunde in Berlin. 

This assemblage is dominated by placoderm re- 

mains, in contrast to the also Devonian assemblages 

from Brazil and Bolivia containing chondrichthyans 

and acanthodians. It contains the first Devonian record 

from South America of three major clades: dipnoans 

and antiarch and phyllolepid placoderms, otherwise 

widely distributed in most other continents. 

The fauna includes what was described by YOUNG 

& MOODY (2002) as a new genus and species, Venezue- 

lepis mingui, and the new species Bothriolepis perija, 
both antiarch placoderms. These two forms were com- 

pared by these authors with species from Antarctica. 

The fauna contains fragmentary remains of a phyl- 

lolepid placoderm that is similar to Austrophyllolepis 
from southeastern Australia. There are also spines be- 

longing to the acanthodian Machaeracanthus and to the 

chondrichthyan clade Antarctilamnidae. 

There were two collecting areas, about 70 km west 

of Maracaibo, approximately 3 km apart from each 

other and an estimated 200 m of separation in the strati- 

graphic section. The sites are located in the Carlo 

Colorado region, between the Palmar and Socuy Riv- 

ers. 
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YOUNG et al. (2000) hypothesized that this Vene- 

zuelan fish fauna was located in the northern Gondwa- 

nan margin and is indicative of a non-marine dispersal 

between Gondwana and Euroamerica in the Late Devon- 

ian. In view of the distribution of several invertebrate 

groups, these authors suggested close connections with 

what is now Eastern North America during the Early- 

Middle Devonian. 

YOUNG (2005) reported on phyllolepid placoderms 

from central Australia as old as those from Venezuela 

reported by YOUNG & MOODY (2002). YOUNG (2005) 

discussed the temporal and spatial distribution of these 

placoderms in the Late Devonian, emphasizing the sig- 

nificant geographic expansion on distribution that the 

Venezuelan record represents (in northwestern Gond- 

wana, otherwise with no remains of  this group) (cf. 

YOUNG 2005: fig. 5). 

There is a discussion in the literature on tectonics 

about the possibility that western Venezuela may not be 

part of  the northwestern margin of Venezuela but in- 

stead be allochthonous (e.g., FORERO 1990; MOJICA 8,= 

VILLAROEL 1990; AVE LALLEMANT 8~; SISSON 2005). 

YOUNG & MOODY (2002: 166) suggested that their in- 

terpretation of the biogeographic affinities of this fish 

assemblage speaks against such a hypothesis (see also 

MOODY 1990, 2005). 

Rio Palmar Formation, Lower Pennsylvanian 

ODREMAN RIVAS 8,: MEDINA (1984: 66) reported teeth 

and fragments of fin rays, perhaps Actinopterygii, from 

around the Rfo Cachirf (Carlo del Noreste), Perij~i, Zulia 

State. 

Palmarito Formation, Carboniferous - Lower 

Permian 

PIERCE et al. (1961: 349) reported the presence of inde- 

terminate fish from the area around La Grita, Tfichira 

State. According to these authors, a series of  organisms 

such as ostracods and foraminifera indicate a middle 

Pennsylvanian to early Permian age for the fossil-bear- 

ing strata, as reported also in MINISTERIO DE ENERGIA 

Y MINAS (1997). 

Undeterminate Late Paleozoic Formation 

S,/~NCHEZ • BENEDETTO (1979) named a new genus and 

species, Archaeopycnodon riveroi, f rom fragmentary 

dental remains and referred it to the Pycnodontiformes. 

The authors did not report a formation name for the 

rocks containing the fossil, but provided a stratigraphic 

column expanding from the middle Pennsylvanian up to 

the Lower Permian, with the fossil coming from the up- 

per part of  the section. The locality is between the cities 

of Carora and Trujillo in Western Venezuela, some 16 

km north-west of  Carache. 

S,~d',ICHEZ 8,: BENEDETTO (1979) explained that this 

may represent an extension in the temporal distribution 

of Pycnodontiformes, previously starting in the early 

Triassic. This occurrence is doubtful, because the oldest 

known fossil record of a genuine pycnodont is Late Tri- 

assic in age (P. Forey, pers. comm.,  October 2006), and 

this dentition could belong to a convergent durophagous 

fish. In view of  this, further investigation of the site for 

more remains and for precise aging of  the rocks would 

be relevant. I f  Archaeopycnodon riveroi is indeed a 

pycnodontiform and the age of  the site is indeed pre-Tri- 

assic, this occurrence should be significant in under- 

standing the evolutionary tree of  basal actinopterygians 

(ARRATIA 2004; HURLEY et al. 2006). 

Tinacoa Formation, Lower - Middle Jurassic 

The sedimentary outcrops in the Rio Mocoita belonging 

to the Tinacoa Formation contain fish referred to Lepi- 

dotes (BOWEN 1972: 754). In the palaeontologic collec- 

tions of  the N H M  (formerly BMNH) there is uncata- 

logued material labelled as Lepidotes from Venezuela, 

with the name BOWEN as collector. The material belongs 

indeed to Lepidotes-like fish and consists of two aggrega- 

tions of  some 30-70 scales respectively and other smaller 

isolated pieces of  sediment with a few scales. ODREMAN 

RIVAS & BENEDETTO (1977) reported more Lepidotes re- 

mains f rom this formation, from both the Macofta River 

and from the mouth of the Carlo Caliche into the Rfo Pal- 

mar, in Central Perijfi. ODREMAN RIVAS & MEDINA 

(1984: 68) stated that the discovery of plant remains of the 

genera Ptilophyllum and Otozamites in the latter of  these 

two localities suggest a Jurassic age for this unit and not 

early Permian, as it had been reported in the past. These 

two plant genera are indeed of Mesozoic age (P. KEN- 

RICK, pers. comm., October 2006). 

Macoita Formation, Middle - Upper  Jurasssic 

BOWEN (1972) mentioned the presence of  fossil plant re- 

mains and fish scales, some 200 m upstream from Boca 

Surucunaca, Zulia State. As summarized  in MINISTE- 

RIO DE ENERGIA Y MINAS (1997), the most recent stud- 

ies suggest a Jurassic age for this Formation. BENE- 

DETTO 8~; ODREMAN RIVAS (1977) suggested that the 

Macoita Formation probably correlates with the middle 

portion of  the La  Quinta Formation. 

La Quinta Formation, Jurassic 

This formation is of  special significance, as f rom it the 

first Venezuelan dinosaur has been reported. There are 

extensive exposures of  the La Quinta Formation across 

the Venezuelan Andes. The formation at its type local- 

ity was reviewed by SCHUBERT (1986). 

KUNDIG (1938) reported fish remains from the La 

Quinta Formation, which were assigned by A. SMITH- 
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WOODWARD to Lepidotes. This material is deposited in 

the Department  of Palaeontology of the NHM. 

RUSSELL et al. (1992) referred a few cranial re- 

mains and teeth to the ornithischian cf. Lesothosaurus 
sp. (as did SANCHEZ-VILLAGRA & CLARK 1994). BAR- 

RETT et al. (2008) questioned this assignation, given the 

lack of diagnostic features in the samples and the prob- 

lematic issue that only a unique combination of charac- 

ter states diagnoses Lesothosaurus f rom other ornitis- 

chians (BUTLER 2005). According to BARRETT et al. 

(2008) the material described by RUSSELL et al. (1992) 

exhibits a number of ornithischian symplesiomorphies. 

BARRETT et al. described additional disarticulated and 

associated elements that suggest that at least two distinct 

taxa are present in their studied sample, including a 

non-cerapodan basal ornithischian and an indetermi- 

nate basal saurischian, with other dinosaur taxa perhaps 

represented in the sample as well. 

MOODY (1997) described five isolated theropod 

teeth f rom the same quarry in which the material stud- 

ied by RUSSELL et al. (1992) was found. 

A postcranial bone of a large vertebrate was found 

in exposures around La Fundaci6n, T~ichira State (O. 

ODREMAN RIVAS, pers. comm. to MRS-V, 1992). Its 

identification has been problematic, ranging from a tar- 

sal element to a vertebral fragment. This specimen was 

deposited in the collections of  the Museum of Biology 

of the Universidad Sim6n Bolivar by MRS-V in 1992. 

Rfo Negro, lower Cretaceous, pre-Aptian 

Remains of teleost fishes, f rom the northern flank of the 

anticlinal of  La Porra, near the small town of La Pefia, 

Lara State, were reportedly collected by O. MACSOTAY 

and deposited at the Ministerio de Minas at the time 

(ODREMAN RIVAS & MEDINA 1984). MACSOTAY (1980) 

suggested a Neocomian age for this formation. 

Apon Formation, Cretaceous, Aptian - Albian 

The Apon Formation, of  Aptian - Albian age, is ex- 

posed in the Sierra de Perij~i (Zulia) and in the Venezue- 

lan Andes, including Tfichira, M6rida, Trujillo, and Lara 

states (MINISTERIO DE ENERGfA Y MINAS 1997). 

MAISEY & MOODY (2001) described a new species 

of the teleost Araripichthys f rom the Lower Cretaceous 

(Aptian) Machiques Member  of the Apon Formation, 

Venezuela. Araripichthys axelrodi is the oldest and 

most basal member  of  the genus, the phylogenetic posi- 

tion of which is highly contested. Alternative hypothe- 

ses include placement as an advanced teleost (within 

acanthomorphs), or at a much more primitive level 

within teleosts (as an elopocephalan incertae sedis). 

MAISEY & MOODY (2001) suggested that Araripichthys 
and the Ferrifronsidae share some features with higher 

teleosts (clupeocephalans, neoteleosts, acanthomorphs), 

but lack many other characters of those groups. Ararip- 

ichyidae and Ferrifronsidae are regarded as basal clu- 

peocephalans close to Pachyrhizodontoidei by CAVIN 

(2001). MAISEY & MOODY (2001) hypothesized that 

Araripichthys originated in the Pacific or western (Car- 

ibbean) Tethys and apparently dispersed eastward by 

the Albian. 

MOODY & MAISEY (1994) reported on a fish as- 

semblage from the Apon Formation including ichthyo- 

dectids, pycnodontids, unidentified elopocephalans, and 

the aspidorhynchid Vinctifer. An additional assemblage 

from the La Luna Formation reported by these authors 

is discussed below. MOODY & MAISEY (1994) stated 

that "the occurrence of Vinctifer is of  considerable bio- 

stratigraphic and biogeographical interest in view of 

previous claims about its temporal range and distribu- 

tion. Vinctifer ranged throughout the Aptian and Alb- 

ian, especially in Brazil, where its occurrence may be of 

ecological significance in marking a transition from en- 

closed basinal environments to more open marine con- 

ditions". 

MOODY & MAISEY (1994: 1) also mentioned the 

presence of a large ichthyosaurian vertebra f rom the 

Apon Formation. 

La Luna Formation, Cretaceous, Cenomanian - 

Campanian 

The La Luna Formation is of  Cenomanian - Coniacian 

age, according to ODREMAN RIVAS • MEDINA (1984), 

but MOODY 8z MAISEY (1994) hypothesized a Cenoman- 

ian - Santonian age and the MINISTERIO DE ENERGIA 

v MINAS (1997) a Cenomanian - Campanian age. The 

La Luna Formation, consisting of black shales, is the 

source of a great portion of the rich oil deposits in the 

Maracaibo Basin (MINISTERIO DE ENERG~A Y MINAS 

1997). The La Luna Formation contains reportedly eux- 

inic environments, with waters of  contested depth. 

BOESI et al. (t988) suggested depths of  around 100 m in 

the Turonian up to 800 m in the Campanian.  The great 

extension of this major geological unit, ranging f rom the 

Sierra de Perij~ to the M6rida Andes and to Colombia, 

via the Maracaibo Basin, makes it likely that different 

ages and environments are represented in its rocks (TRI- 

BOVILLARD et al. 1991). 

Sediments of this formation in the Carora area, 

Lara State, contain teleost fishes (A. USECHE pers. 

comm. to ODREMAN RIVAS 8~ MEDINA 1984: 69). From 

this same unit, but from the area of  Chejend6, Trujillo 

State, the geologist I. FIERRO (in ODREMAN RIVAS & 

MEDINA 1984) found indeterminate fish and possibly 

reptile remains. It is stated in MINISTERIO DE ENERG~A 

Y MINAS (1997) that numerous fish remains are known 

from this formation, without any specifics on their exact 

location. 

MOODY & MAISEY (1994) reported on a fish as- 

semblage f rom a locality west of  Lake Maracaibo, Zulia 

State. The assemblage includes Squalicorax, Enchodus, 
Belonostomus, plethodids, and pachyrhizodontids. The 

material comes from a section of the La Luna Forma- 
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tion just above its contact with the Maraca Formation, 

from strata that in Trujillo State also contain fish re- 

mains (RENZ 1982). According to MOODY & MAISEY 

(1994: 3), their report of  plethodids is the first f rom 

South America  and " i f  Cenomanian in age, [they] are 

older than all North American examples". MOODY & 

MAISEY (1994: 3) commented  on the good quality of the 

three-dimensionally preserved pachyrhizodontids they 

studied. 

The occurrence of plethodid fishes in the Ceno- 

m a n i a n -  Turonian was considered by TAVERNE & 

GAYET (2005) together with other similar occurrences 

in other parts of  Gondwana in a study of the biogeogra- 

phy of Tselfatiiformes fishes in the Cretaceous. They 

hypothesized a clock-wise spread of this group from the 

Euro-african Tethys to the South American Coast (lo- 

calities in Venezuela and Colombia) and the Gulf  of  

Mexico during this period, correlated with ocean drift 

currents in the Proto-Atlantic at the time. 

WEILER (1940) had already described a fish fauna 

f rom the La  Luna Formation,  but f rom a locality in 

T~ichira State, near  San Cristobal. The whereabouts of  

the material  are unknown (as also reported by MOODY 

& MAISEY 1994), which included a new species of  

Cimolichthys and scales assigned to two other gen- 

era. 

A "reptilian" tooth was reported by WEILER (1940: 

246) f rom the La  Luna Formation, from a site at the 

12.5 km of the road connecting Tariba and Cordero 

(T~ichira State). The tooth, the current location of which 

is unknown, was reportedly conical, robust, and with 

thin lines of  enamel. WEILER (1940: 247) speculated 

that this tooth may have belonged to a mosasaur. The 

only certain and precisely-recorded mosasaur from La 

Luna Formation is presented for the first time in the last 

section of this paper. 

Querecual Formation, Cretaceous 

The Querecual Formation, present in the States Gu~irico, 

Anzo~itegui and Sucre, is reported to be of Albian age, 

extending maximal ly  to the Santonian (MINISTERIO DE 

ENERGfA Y MINAS 1997). It is exposed in different local- 

ities and with different extensions along most of the Ser- 

ranfa del Interior in northeastern Venezuela, as well as in 

the Archipi61ago Guaiquerf, in front of Puerto La Cruz. 

As summarized by MACSOTAY et al. (1985) and by MI- 

NISTERIO DE ENERGIA Y MINAS (1997), numerous publi- 

cations described foraminifera and other marine inverte- 

brates from this formation, including radiolarians, bi- 

valves and ammonites.  Two areas in Sucre State are 

mentioned in MINISTERIO DE ENERGIA Y MINAS (1997) 

tO contain "fossil fish": Cangrejal-rfo Coicual, and the 

area of Cangreja, cerro E1 Pato, E1 Algarrobo. The 

Querecual Formation may be to some extent equivalent 

to the La Luna Formation of western Venezuela, dis- 

cussed above. The Formaci6n Querecual is an important 

source of oil in eastern Venezuela (CAMPOS et al. 1985). 

In the Querecual Formation indeterminate teleost 

fishes have also been found in Isla Chimana Grande, in 

front of Puerto La Cruz in Anzofitegui State. According 

to MACSOTAY et al. (1985), most of  the skeleton of  a 

fish, excluding the skull, is located on sediments ex- 

posed in an area next to the northeastern coast of  the Is- 

land, in the embayment  called "Las Plazuelos" (MAC- 

SOTAY et al. 1985: fig. 6A). The specimen is supposedly 

still in the outcrop. 

COLBERT (1949) described a species of plesiosaur 

f rom two fossil localities in Gu~irico State reportedly 

f rom this formation, one containing the partial skeleton, 

whereas a second locality some 3 k m  distant f rom the 

first one contained a bone fragment. The main locality 

is about 6.5 km east and a little south of Altagracia de 

Orituco. COLBERT (1949) named the new species "Alza- 
dasaurus tropicus". The type (AMNH 6796) is a dorsal 

vertebra and the described material includes the last 

twelve cervical vertebrae and associated ribs, the left 

scapula, coracoid, humerus, portions of radius, ulna, 

carpus, and fragments. Vertebral proportions and shape 

and height of the neural spines were important features 

in the description and diagnosis of this species. COL- 

BERT (1949: 8--9) noted that the length of the centrum of 

the preserved vertebra is about equal to its height, as op- 

posed to being significantly shorter than it is high, as in 

many other species of  elasmosaurids. The taxonomic 

affiliation and significance of this material needs to be 

re-evaluated based on recent work on vertebral shape 

and proportions in plesiosaurs (e.g., O'KEFFE 2004; 

O'KEFFE & HILLER 2006). 

Navay Formation, Cretaceous, Coniacian - 

Maastrichtian 

The Navay Formation has been subdivided into two 

members: the lower Quevedo Member  and the upper La  

Morita Member (RENZ 1959; GAENSLEN 1962). 

GAENSLEN (1962) correlated the Quevedo Member with 

the middle and upper sections of the La Luna Formation. 

A series of  studies of invertebrates and plants starting in 

the late 1950s until the mid 1990s, summarized in MI- 

NISTERIO DE ENERGIA Y MINAS (1997), have suggested 

diverging ages for the Navay Formation, which could be 

then estimated to be Coniacian - Maastrichtian in age. 

PIERCE (1960) reported teleost fishes from the Ba- 

rinas Basin, which he referred to the Clupeidae. 

SANCHEZ 8,: LORENTE (1977) described fish remains 

f rom Santa B~irbara de Barinas, f rom the Quevedo 

Member,  which they referred to Gasteroclupea (Clupei- 

dae), a genus previously reported f rom the upper Creta- 

ceous of Bolivia and Argentina (SIGNEUX 1964; ARRA- 

TIA & CIONE 1996). According to S,~NCHEZ & LORENTE 

(1977), the Quevedo Member  "se deposit6 a lo largo de 

una linea de costa, con numerosas desembocaduras de 

rfos que formaban estuarios, de aguas salobres, con PH 

menor de 7,8 y bien oxigenadas entre el lfmite de baja 

marea y la regi6n l i torar '  (was deposited along the c o a s t -  
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line, with numerous river mouths forming estuarine 

conditions, with brackish waters, with a pH less than 7.8 

and well oxygenated between the limit of low tide and 

the litoral region.). 

PIERCE & WELLS (1956) reported skeletal parts of 

mosasaurs, similar to those of Tylosaurus and Plesiotylo- 
saurus from the Barinas Basin, three km northwest of 

Santa Bdrbara of Barinas, from the Upper Cretaceous. 

Tylosaurus is one of the largest mosasaurs, and the earliest 

record of this genus is from the Lower Coniacian of west- 

ern Kansas (EVERHART 2005a). Plesiotylosaurus is a de- 

rived Mosasaurinae (RUSSELL 1967; BELL 1997), with a 

stratigraphic range expanding to the Maastrichtian. 

Burguita Formation, Cretaceous, Santonian - 

Maastrichtian 

Indeterminate fish remains were reported from the type 

section of the Burguita Formation in the Burgua-3 West 

Well (Pozo) of Apure State (MINISTERIO DE ENERG[A Y 

MINAS 1997) 

Barranquin Formation, Lower Cretaceous 

Shark teeth were found by O. MACSOTAY from the Bar- 

ranqufn Formation (in ODREMAN & MEDINA 1984; 

pets. comm. to MRSV in Jan. 2006). The fossils come 

from the Taguarumo Member (MACSOTAY et al. 1985) 

and were found in the Borracha and Chimana (= Puin- 

are) islands, located a few kilometers away from the 

coast of Puerto La Cruz, Anzogttegui State. 

As summarized by the MINISTERIO DE ENERGIA Y 

MINAS (1997), diverging ages have been assigned to the 

Barranqufn Formation, ranging from Neocomian up to 

Aptian - Albian. The type section is approximately 

1,500 m thick (LIDDLE 1946). Studies of different parts 

of strata of the Barranqufn Formation in several locali- 

ties have resulted in diverging kinds of paleoenviron- 

ments being reconstructed for this formation (MINISTE- 

RIO DE ENERGfA Y MINAS 1997). 

A new mosasaur locality from the La Luna 
Formation at Pozo Guapo, Lara State 

Systematic paleontology 

Squamata OPPEL, 1811 

Mosasauroidea CAMP, 1923 

Mosasauridae GERVAIS, 1852 

Genus indet. 
Figs. 1-4 

Material: UNEFM-VF-39, skull fragments (Fig. 1), cervical 

vertebrae (Fig. 2A), dorsal vertebrae (Fig. 2B), phalanges 

(Fig. 3), probable stomach content (Fig. 4). 

Locality and horizon: The site is located in the vicinity of 

the Kin. 55-56 of the old road connecting Barquisimeto and 

Carora, Distrito Torres, Lara State. The coordinates of the site 

are: N 10 ° 10' 06.8", W 69 o 45' 32.8", taken by the senior 

author together with RL during a visit in 2007. The location 

and geological relations of this site within the La Luna Forma- 

tion, called "Bloques de Pozo Guapo", are described by EVA- 

NOFF et al. (1960: 71). The fossil-bearing sediments are inter- 

preted as being Turonian in age. Ammonites and bivalves are 

common in this site, and isolated fish scales are also present. 

Collector: Roberto Lozs~in and collaborators (see Acknowl- 

edgements). 

Description 

Skull fragments 

Two skull fragments of different size, comprising most 

of the anterior part of the muzzle, are preserved (Fig. 1). 

The small fragment consists of the tips of the lower jaw. 

The large fragment contains considerable portions of 

the medial parts of the hemimandibles and crushed re- 

mains of the upper jaw. Among the latter the right max- 

illa and the prefrontal of the same side can be clearly 

identified. 

The maxilla is broken in two or three parts, which 

are separated from each other. The posterior part is the 

almost complete rear portion of  this bone. It has a nar- 

row triangular shape and ends acute posteriorly. The up- 

per margin ascends oblique towards anterodorsal. The 

lower border runs straight and nearly parallel to the in- 

terior dorsal margin of  the right hemimandible. At the 

ventral rim of the posterior part of the maxilla two re- 

curved, slender conical teeth are found. 

On the external surface of the anterior portion of 

the maxilla a few foramina, arranged in-line, can be 

seen. They are situated near the lower margin and run 

anteroposteriorly. 

Anteroventral of the latter portion another tooth- 

bearing, small fragment is preserved, which also prob- 

ably belongs to the same bone. At least two more slen- 

der, posteriorly recurved conical teeth can be recog- 

nized at the ventral margin of  this fragment. These 

teeth are smaller than the two in the posterior part of  

the maxilla and decrease in size towards anterior. A 

less likely alternative interpretation of the small frag- 

ment is that it has been considerably displaced and be- 

longs to the bony palate. In this case it would yield 

pterygoid teeth. 

Viewed dorsally, the preserved parts of the lower 

jaw bear several medially recurved teeth inserted in al- 

veoli. This condition is best seen in the right hemiman- 

dine, whereas the medial portion of the left hemiman- 

dible is mostly hidden by remains of the maxillae. The 

teeth in the lower jaw are firmly attached to the walls of 

the alveoli and are closely spaced. The apices of all teeth 

are missing and their subcircular cross-sections are vis- 

ible. In the preserved parts of  the right hemimandible 

are twelve alveoli. The alveoli and therefore the pre- 

served teeth decline in size towards anterior. At least 

one tooth seems to be bicarinate. The anteriormost teeth 

are found near the front end of the lower jaw, which 

looks somewhat incomplete from dorsal. From ventral, 



Venezuelan Paleozoic and Mesozoic vertebrates 119 

Fig. 1. Skull fragments of mosasaur UNEFM-VF-39. A: Dorsal and B: ventral view. The apices of the teeth of the 
lower jaws are missing (A). The ventral surfaces of the lower jaws are eroded and the roots of the teeth are expo- 
sed (B). - Abbreviations: m, right maxilla; ml, left mandible; mr, right mandible; prf, right prefrontal. 

however, it becomes evident that the missing anterior 

portions of the hemimandibles can only be very short. 

The ventral surface of the lower jaw is extensively 

eroded. As a result of this process, the roots of several 

teeth are exposed. The roots are bulbous and in contact 

with their respective neighbors. 

Cervical vertebrae 

Preserved are five procoelous cervical vertebral centra 

and some hypapophyses (Fig. 2A). The bones were hid- 

den in a block of limestone, which broke up in such a 

manner that the imbedded fossils split roughly parallel 

to their median plane. Hence, the split centra and hyp- 

apophyses can be studied on the slab as well as on the 

counter-slab. Four of the five centra are more or less in 

articulation. The posteriormost centrum is slightly sep- 

arated from the other centra. Only the anterior third of 

this isolated centrum is preserved. The anteriormost 

centrum is also incomplete. In this case the anterior 

third of the bone is missing. 

The complete cervical vertebral centra have a 

length of circa 3.5 cm each and are virtually square in 

anteroposterior section. The intervertebral articulations 

of the centra are vertical and gently bent. On the dorsal 

sides of the centra the bases of the neural arches can be 

seen. 

Three hypapophyses are still in contact with the 

ventral margins of their respective centra. A short pe- 

duncle on the ventral surfaces for the articulation with 

the hypapophysis cannot be identified with certainty, 

but such a projection must be developed on those centra 

bearing a hypapophysis. The hypapophyses are antero- 
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Fig. 2. Vertebrae of mo- 
sasaur UNEFM-VF-39. A: 
Cervical vertebrae (slab and 
counter-slab), split roughly 
parallel to their median plane. 
Preserved are procoelous 
vertebral centra and hypapo- 
physes (hyp). - B: Dorsal 
vertebrae (two slabs belong- 
ing together), Preserved are 
procoelous vertebral centra. 
The third centrum displays 
the canal for the spinal cord. 

posteriorly broad, vertically orientated and taper ven- 

trally. 

Dorsal vertebrae 

On two other slabs belonging to the same specimen, 

four procoelous dorsal vertebral centra can be identified 

(Fig. 2B). The first and the last centra are incomplete. 

Best preserved is the third centrum, which is visible in 

left laterodorsal view. These centra are considerably 

longer than the cervical vertebral centra. The third dor- 

sal vertebral centrum visible has a length of approxi- 

mately 8 cm. The base of the neural arch and the canal 

for the spinal cord can be identified. The intervertebral 

articulations of the centra are gently bent and seem to be 

orientated vertical, as in the cervical series. 

Phalanges  

On another slab several flat, slender bones were found. 

They are arranged in successive couples and are inter- 

preted as phalanges (Fig. 3). Most of them are strongly 

elongated and slightly constricted in their medial parts. 

All phalanges are incomplete, with the exception of the 

Fig. 3. Phalanges of mosasaur UNEFM-VF-39. The left- 
most, distal element is interpreted as a terminal phalanx 
(compare with the drawing). 
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Fig. 4. Probable stomach 
content of mosasaur UN- 
EFM-VF-39. The large rod- 
like elements, best seen in 
the drawing, may be rib frag- 
ments. The smaller bow- 
shaped elements are identi- 
fied as ribs of a second, smal- 
ler individual tentatively re- 
ferred to a plesiosaur. 

lower left element preserved on the slab. The width of this 

phalanx declines continuously distal, where the bone 

ends with a smooth rounding. By reason of the latter ob- 

servation that element is identified as terminal phalanx. 

Probable  s t o m a c h  content  

On a very small slab (Fig. 4), measuring circa 8 to 10 cm, 

several tiny bow-shaped elements can be seen, which are 

identified as ribs. They are proximal slightly broadened 

and seem to be single-headed. Some fragments of large 

bones of the mosasaur are associated with them. 

Discussion of the mosasaur  material  

Remains of mosasauroids (Cenomanian to Maastricht- 

ian) have been found on all continents, including Ant- 
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arctica (EVERHART 2005b). They can be identified, 

amongst other apomorphies,  by teeth with expanded, 

bulbous roots (BELL 1997; BELL & POLCYN 2005), like 

those present in the material f rom the La Luna Forma- 

tion. The morphology of the lower jaw and of the max- 

illa, as well as the maxilla/prefrontal-contact, combined 

with the shape of the phalanges reflects the conditions 

seen in mosasaurids (Fig. 1). 

The oldest mosasaurids are known from the Turon- 

ian. The evolutionary history of this clade started with 

basal forms, including Clidastes, Tylosaurus, and Plate- 

carpus (RUSSELL 1967). Soon mosasaurs inhabited the 

epicontinental seas of  the world, where they lived as 

successful predators until the end of the Mesozoic 

(EVERHART 2005b). Within the Mosasauridae the clades 

Mosasaurinae, Russellosaurina (including Tylosaurinae 

and Plioplatecarpinae), and Halisauromorpha can be 

distinguished (BELL 1993; POLCYN & BELL 2005). 

Regarding the systematic position of the mosasaur 

remains from Venezuela within the mosasaurids the fol- 

lowing attempt can be made: The flat, elongated 

phalanges (Fig. 4) with the slight constriction in their 

medial parts belong to a paddle-like autopodium, which 

is typical for hydropedal forms (BELL & POLCYN 2005). 

The terms "plesiopedal" for amphibian Mosasauroidea 

retaining overall terrestrial limbs, and "hydropedal" for 

Mosasauridae evolving paddle-like structures or flip- 

pers were introduced by POLCYN 8,: BELL (2005). Elon- 

gated or spindle-shaped phalanges are widely spread 

within the derived Mosasauridae, with the exception of 

Mosasaurus and Plotosaurus, which are derived mem- 

bers of the Mosasaurinae (BELL 1997; BELL & POLCYN 

2005). The phalanges f rom Venezuela are similar to 

those of the plioplatecarpine Ectenosaurus (RUSSELL 

1967: text-fig. 54). 

The cervical vertebrae of UNEFM-VF-39 are dis- 

tinctly shorter than the dorsal vertebrae (Fig. 2). This is 

also a common character of  nearly all mosasaurs, again 

with the exception of Mosasaurus and Plotosaurus 

(BELL 1997; BELL & POLCYN 2005). 

I f  the intervertebral articulations of the dorsal ver- 

tebrae are really vertical, then Halisaurus and its closest 

relatives (Halosauromorpha) can also be excluded from 

a close relationship, because their dorsal vertebrae pos- 

sess inclined condyles (BELL 1997; BELL & POLCYN 

2005). 
Due to the imperfect  preservation of the lower jaws 

of the specimen f rom Venezuela it cannot be determined 

with certainty, if  a short projection of the dentary ante- 

rior to the first tooth was developed or not (Fig. 1). How- 

ever, if  such a projection was present, it was only short, 

and not as long as in the mosasaurine Plotosaurus or the 

tylosaurine Tylosaurus (BELL 1997; BELL & POLCYN 

2005). 

There is space for twelve teeth in the collected por- 

tions of the incomplete right mandible of UNEFM-VF-  

39. It is assumed that most of the right dentary is pre- 

served, but the possibility that there was space in this 

bone for additional one or two teeth cannot be totally 

excluded. Thus, for the Venezuela mosasaurid, a range 

of twelve to fourteen dentary teeth is expected. Most of 

the mosasaurs with such a tooth count in the mandible 

belong to the Russelosaurina, to which all remains of 

derived pre-Coniacian mosasaurs with diagnostic fea- 

tures hitherto published can be referred (BELL & POL- 

CYN 2005). The parafamily Russellosaurina POLCYN & 

BELL, 2005, comprises the Tylosaurinae, the Plioplate- 

carpinae, Tethysaurus, Russellosaurus, and Yaguara- 

saurus. Within the Russellosaurina, the similarity of the 

phalanges from Venezuela (Fig. 3) with those of Ecten- 

osaurus and the missing ram-like prolongation of the 

lower jaws, characteristic for Tylosaurus, point to the 

Plioplatecarpinae, to which the mosasaurid material 

from Venezuela is tentatively referred. A derived mem- 

ber of  the Plioplatecarpinae f rom the Turonian of An- 

gola and perhaps additional material of the same clade 

and from the same age of North America are already 

known (LINGHAM-SOLIAR 1994; MARTIN & STEWART 

1977). 

Regarding the small ribs, interpreted as probable 

stomach content, and the associated large fragments of 

the mosasaur, it should be noted that vertebrate remains 

swallowed by mosasaurs are known since 1919 (EVER- 

HART 2003). More recently even evidence for live birth 

in mosasauroids has been reported. This observation is 

also established on the preservation of tiny remains 

found together with large mosasaur  material (e.g., BELL 

et al. 1996). However, the small ribs discussed in this 

paper are too strongly bent and perhaps too broad prox- 

imally for foetal remains. Furthermore, they are plesio- 

saur-like and they are, therefore, tentatively referred to 

this group of marine reptiles. That  mosasaurs fed on 

plesiosaurs has also been hypothesized since 1919 

(EVERHART 2003). The large rod-like fragments associ- 

ated with the small ribs may be remains of the rib cage 

of the mosasaur. 

Conclusion and prospects 

Continental microvertebrates are unknown from the 

Paleozoic and Mesozoic of  Venezuela. The only rela- 

tively small vertebrates f rom this t ime and place are the 

La Quinta dinosaurs (BARRETT et al. 2008). Although 

shallow marine deposits are not the optimal kind of en- 

vironment to look for them, screen-washing in them has 

resulted in surprising and important  discoveries in other 

parts of the world, and could work also in Venezuela. 

For example, MARTIN et al. (2005) found a Late Creta- 

ceous marsupial tooth of  great biogeographic signifi- 

cance in fully marine deposits in the Netherlands. 

The report of  mosasaur  remains from the La Luna 

Formation and the other discoveries summarized here 

are significant, given the paucity of  marine reptiles from 

South America, where occurrences of marine reptiles 

are scarce and consist mostly of  isolated remains of ich- 
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thyosaurs and plesiosaurs (e.g., FERNANDEZ 1997), with 

a strong bias to Jurassic sites (e.g., GASPARINI et al. 

2006). The only exception to this scarce South Ameri- 

can record are the Jurassic reptiles found in the Neu- 

qu6n Basin (GASPARINI & FERNANDEZ 2005). Closer to 

the new Venezuelan register in time and location is the 

mosasaurid Yaguarasaurus columbianus from the Tu- 

ronian (PARAMO-FONSECA 2000) o f  Colombia. 
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