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Abstract: The Glyptodontidae is one of the most conspicuous groups in the Pleistocene megafauna of the Americas. 
The Glyptodontinae were involved in the Great American Biotic Interchange (GABI) and their earliest records in North 
America are about 3.9 Ma, suggesting an earlier formation of the Panamanian landbridge. Taxonomically it is possible 
to recognize two Pleistocene genera of Glyptodontinae: Glyptodon (ca. 1.8 - 0.008 Ma), restricted to South America, 
and Glyptotherium (ca. 2.6 - 0.009 Ma), including records in both North and Central America. Here we present the first 
report of the genus Glyptotherium in South America, from the Late Pleistocene of several fossil localities in Falc6n 
State, northwestern Venezuela. A comparative analysis of the material, represented by cranial and postcranial parts, in- 
cluding the dorsal carapace and caudal rings, suggests a close affinity with Glyptotherium cylindricurn (Late Pleis- 
tocene of Central Mexico). This occurrence in the latest Pleistocene of the northernmost region of South America sup- 
ports the bidirectional faunal migration during the GABI and the repeated re-immigration from North America of 
South American clades, as has been reported in other members of the Cingulata (e.g., Pampatheriidae). 

Keywords: Glyptodontidae ° Glyptotherium • Pleistocene ° South America ° Venezuela • Paleobiogeography ° Great 
American Biotic Interchange 

Kurzfassung: Die Glyptodontidae ist eine der auff~illigsten Faunengruppen des Pleistozans Stidamerikas. Die Glypt- 
odontinae waren in dem ,,Great American Biotic Interchange" (GABI) involviert, und ihre frtihesten Reste aus Nord- 
amerika sind etwa 3,9 Ma alt, was far eine frtihere Entstehung der Panamanischen Landbrticke spricht. Es ist taxono- 
misch m6glich, zwei Genera von pleistozanen Glyptodontinae zu unterscheiden: Glyptodon (ca. 1,8-0,008 Ma) aus 
Stidamerika und Glyptotherium (ca. 2,6 - 0,009 Ma) aus Nord- und Mittelamerika. Hier stellen wir den ersten Nach- 
weis yon Glyptotherium in Siidamerika, aus dem oberen Pleistozan von verschiedenen Lokalitaten des Bundesstaates 
Falc6n, nordwestliches Venezuela, vor. Eine vergleichende Untersuchung von Schadel- und Postkranialelementen, ein- 
schliel31ich des dorsalen Panzers und kaudaler Ringe, untersttitzt eine nahe Verwandtschaft mit Glyptotherium cylin- 
dricum (Spates Pleistozan Mittel-Mexikos). Diese spat-pleistozane Verbreitung im nOrdlichsten Teil Siidamerikas ist 
ein Nachweis ftir eine bidirektionale Migration wahrend des GABI und ftir das Zuriickkehren von Taxa von Nordame- 
rika nach Stidamerika, wie schon ftir andere Vertreter der Cingulata (z. B. Pampatheriidae) berichtet wurde. 

SchlOsselw~rter: Glyptodontidae • Glyptotherium • Pleistozan ° Stidamerika ° Venezuela ° Palaobiogeographie • 
Great American Biotic Interchange 

Introduction 

During the Great  A m e r i c a n  Biotic Interchange (GABI), 
several taxa of South Amer i can  mammals ,  such as Xen-  
arthra and  Marsupia l ia ,  migrated into North America ,  

while North Amer i can  taxa such as Cervidae, Felidae,  
Tapiridae, Ursidae, and  Gomphother i idae  migrated into 
South America ,  by means  of the biological corridor for 
terrestrial organisms that arose between both conti- 
nents, first as an is land cha in  and later as an unbroken  
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terrestrial connection, starting about 5 Ma (see WEBB 
1985, 2006; PASCUAL & WEBB 1989; PASCUAL dc OR- 
T1Z-JAUREGUIZAR 1990; TONNI et al. 1992; PASCUAL et 
al. 1996; WOODBURNE et al. 2006), and ending about 
2.7 Ma. The emergence and consolidation of this contin- 
uous corridor was strongly influenced by the Pliocene 
Diaguita phase that triggered the final uplifting of  the 
Panama isthmus, thus allowing and facilitating the de- 
finitive biogeographical connection between North and 
South America (PASCUAL et al. 1996). Recently, CAR- 
RANZA-CASTAIqEDA &; MILLER (2004) and FLYNN et al. 
(2005) suggested that this land bridge might have origi- 
nated more than one million years earlier, but not neces- 
sarily continuous in time. This hypothesis is supported 
by the presence of Glossotherium, Glyptotherium?, 
Plaina and Neochoerus [sic] in central Mexico at ap- 
proximately 4.7 to 3.6 Ma. 

The relationship between both Americas  before 
that t ime was represented by chains of  emerged lands, 
at least since ca. 9 Ma (SMITH 1985; WEBB 2006). This 
particular condition undoubtedly exerted strong regu- 
lation on both the type and intensity of  biotic migra-  
tions between these continents, with discretional or 
specific effects in different cases. Currently it seems 
evident that the entrance of taxa of Holarctic origin 
into South Amer ica  was a more gradual process than 
previously assumed, given that the biomass and diver- 
sity of  immigrant  taxa appear  to be very scarce during 
the Chapadmala lan  and Marplatan (ca. 3.9 - 1.8 Ma) 
(TONNI et al. 1992; CIONE & TONNI 2001) and become 
more evident during the Ensenadan - Lujanian (ca. 1.8 
- 0.008 Ma (CLONE & TONNI 1995a, b, 2005). In North 
America,  the first reliable records of South American  
immigrants  correspond to the Hemphil l ian (ca. 9 Ma, 
WEBB 2006); subsequently these records occur contin- 
uously f rom the late Blancan (ca. 2.7 Ma) in southwest- 
ern USA (WOODBURNE • SWISHER 1995; MORGAN & 
WHITE 2005; WHITE ~; MORGAN 2005; WEBB 2006). 

The Xenarthra are one of the groups of South Amer- 
ican mammals  that were actively involved in the faunal 
exchange, given that both the Phyllophaga (Megatherii- 
dae, Megalonychidae and Mylodontidae) and the Cingu- 
lata (Dasypodidae, Pampatheriidae and Glyptodontidae) 
reached North America, and even differentiated into new 
taxa characteristic of the latter continent. Among the Cin- 
gulata, the glyptodontine Glyptodontidae entered North 
America during the early Pliocene (middle Blancan; ca. 
3.9 Ma; CARRANZA-CASTAIKIEDA c~; MILLER 2004; 
WHITE & MORGAN 2005; MORGAN & WHITE 2005; 
FLYNN et al. 2005), with the subsequent differentiation of 
a genus different from the South American Glyptodon 
OWEN (see GILLETTE & RAY 1981). 

Unlike the South American  Glyptodontinae, for 
which no recent revision is available (SOIBELZON et al. 
2006), the North Amer ican  taxa were studied by GIL- 
LETTE & RAY (1981). These authors concluded that 
only one genus can be recognized; based on priority, 
this is Glyptotherium OSBORN (= Brachyostracon 

BROWN = Boreostracon SIMPSON = Xenoglyptodon 
MEADE), with a temporal  distribution that ranges f rom 
the Pliocene to the late Pleistocene. In this taxonomic 
context, CARRANZA-CASTAI~IEDA & MILLER (2004) 
have reported some isolated scutes f rom central Mex- 
ico that they referred to ?Glyptotherium, coming from 
sediments dated at ca. 3.9 Ma. This  genus, with cer- 
tainty present in North Amer ica  since ca. 2.6 Ma, di- 
versified into five described species: a) G. texanum 
OSBORN (late Blancan; late Pliocene), distributed in 
the southern US; b) G. arizonae GIDLEY (late Blancan 
- early Irvingtonian; late Pliocene - early Pleistocene), 
with unquestionable records in the southern US; e) G. 
floridanum (SIMPSON) (Rancholabrean; late Pleis- 
tocene), with numerous records in central-south and 
southeastern US, and central and central-south Mex- 
ico; d) G. mexicanum (CUATAPARO & RAM~REZ) (late 
Rancholabrean; late Pleistocene), known only f rom the 
holotype, from central-south Mexico; and e) G. cylin- 
dricum (BROWN) (early Rancholabrean; late Pleis- 
tocene), which like the previous case is known only 
f rom the holotype, found in central-western Mexico 
(GILLETTE & RAY 1981). 

The presence of Glyptotherium in Central America 
has been mentioned by WEBB & PERRIGO (1984) for the 
late Pleistocene of Panama and Honduras, and by CIS- 
NEROS et al. (2001) and CISNEROS (2005) for the Pleis- 
tocene (Irvingtonian?) of  E1 Salvador. 

Until now, all the records of  glyptodontine Glypto- 
dontidae from Venezuela have traditionally been re- 
ferred to the genus Glyptodon (a.o., KARSTEN 1886; 
ROYO GOMEZ 1960; CRUXENT 1967; CASAMIQUELA 
1979; BOCQUENTIN VILLANUEVA 1982a, b; OCHSENIUS 
1980; AGUILERA 2006), pr imari ly on the basis of dorsal 
carapace osteoderms recovered f rom upper Pleistocene 
fossil beds. These remains have been alternately desig- 
nated as Glyptodon clavipes (ROYO GOMEZ 1960; OCH- 
SENIUS 1980), G. cf. clavipes and cf. Glyptodon 
(CASAMIQUELA 1979; AGUILERA 2006), with variable 
degrees of certainty and mostly without comparative 
anatomical analyses to support these assignments. 

A detailed study of these materials from the upper- 
most Pleistocene, including skulls, postcranial skele- 
tons, dorsal carapaces and caudal rings, especially from 
the localities TaimaTaima, Muaco, Cucuruchd, and 
Quebrada Ocando in FalcGn State, Venezuela (Fig. 1), 
indicates that all of  them are in fact assignable to the ge- 
nus Glyptotherium and morphologically similar to G. 
cylindricum. Consequently, this represents the first 
record of this North American glyptodontine genus for 
South America, considerably expanding its geographic 
distribution to 70 ° W. 

Even though the GABI  has usually been interpreted 
as unidirectional migrations between both Americas 
through the Panama landbridge, some cases of  re-en- 
trance have been verified. Indeed, SCILLATO-YANI~ et 
al. (2005) recently addressed the emigration of pam- 
patheriid Cingulata toward North America during the 
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Fig. 1. Location map, showing main localities where Glyptotherium cf. cylindricum was identified among fossil re- 
mains. 

late Pliocene, the latter differentiation of a new genus in 
North America,  and its subsequent re-entrance into 
South America during the Pleistocene, simultaneous 
with a second emigration of Pampatheriidae. Within 
this dynamic biogeographic scenario, the presence of  
Glyptotherium cf. G. cylindricum, in the upper Pleis- 
tocene of  the extreme northern South America is proba- 
bly the second example among Xenarthra of re-entrance 
of fauna of South American origin that differentiated in 
North America and then re-entered the southern sub- 
continent. 

This paper deals mainly with the paleobiogeogra- 
phy of Late Pleistocene North American Glyptodonti- 
nae, including one species, Glyptotherium cf. cylindri- 
cum BROWN, 1912, that reached South America at some 

t ime during the latest Pleistocene. We also provide sup- 
port  for the generic differences between Glyptotherium 
and Glyptodon, and provide some considerations about 
climate and other environmental factors that may have 
influenced their differentiation and their time of  disper- 
sal into South America. 

A b b r e v i a t i o n s  u s e d  in  the  text: AMNH, American Museum 
of Natural History, New York, USA; GABI, Great American 
Biotic Interchange; M, m, upper and lower molariform re- 
spectively; MCN, Museo de Ciencias de Caracas, Venezuela; 
n/n, without official catalog number; UCV, Universidad Cen- 
tral de Venezuela, Caracas, Venezuela; UNEFM-CIAAP, 
Universidad Nacional Experimental Francisco Miranda, 
Coro, Venezuela - Centro de Investigaciones Antropoldgicas, 
Arqueol6gicas y Paleontol6glcas. 
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Systematic paleontology 

Xenarthra COPE, 1889 
Cingulata ILLIGER, 1811 

Glyptodontoidea GRAY, 1869 
Glyptodontidae GRAY, 1869 
Glyptodontinae GRAY, 1869 

Glyptotherium OSBORN, 1903 

Glyptotherium cylindricum (BROWN, 1912) sensu 
GILLETTE & RAY, 1981 

Syn. Brachyostracon cylindricum BROWN, 1912 

Holotype: AMNH 15548, hyoid, skull fragment, atlas, frag- 
ments of ribs, 20 isolated molariforms, complete dorsal cara- 
pace and fragments of caudal rings. 
~ p e  locality and age: Area near Ameca (105 ° W), Jalisco, 
Mexico (BROWN 1912); late Pleistocene sediments (see GIL- 
LETTE 8~; RAY 1981). 

Glyptotherium cf. cylindricum (BROWN, 1912) 
s e n s u  GILLETTE & RAY, 1981 

Figs. 2-3 

Description and assignation of material 
Skull: The skull (MCN n/n) of  Glyptotherium cf. cylin- 
dricum f rom Venezuela (Figs. 2A-D)  is generally simi- 
lar to that of  Glyptotherium texanum, Glyptotherium 
floridanum and Glyptotherium arizonae. It is clearly 
distinguished from Glyptodon munizi, Glyptodon cla- 
vipes and Glyptodon reticulatus by its greater antero- 
posterior elongation, greater postorbital and bizygo- 
matic diameter, evident forward prolongation of the pre- 
dental portion of the palate, and less upward inclination 
of the dorsal skull profile, particularly in the parieto-oc- 
cipital region in lateral view. 

In lateral view, the angle formed by the palatal 
plane and the dorsal skull profile in G. cf. cylindricum 
is much more open than in G. munizi and G. clavipes, 
forming an angle similar to the one in Glyptotherium 
texanum and G. floridanum. Consequently, the dorsal 
profile of  G. cf. cylindricum is more inclined upwards 
and backwards than in G. munizi, and much more than 
in G. clavipes; the nasal bones are almost  at the same 
level as the dorsal portion of the frontals and parietals. 
The development of  the entire occipital region is similar 
to that of  the other Glyptotheriurn species, but much less 
than that of  Glyptodon. The anteroposterior develop- 
ment of the squamosal portion of the zygomatic arch is 
greater than in G. clavipes and similar to that of  G. mu- 
nizi, as one of the main consequences of the greater 
skull elongation. The anteroposterior diameter of  the or- 
bital notch is greater than its dorsoventral diameter. This 
differentiates this species from G. arizonae, whose or- 
bital notch has greater dorsoventral diameter  and subel- 
liptical outline. Likewise, the orbital notch of G. munizi, 
G. clavipes and G. reticulatus is almost completely cir- 
cular and its anteroinferior border, formed by the upper- 
most part  of the descending process of  the maxil la and 

jugal, has a thickened r im that is not present in G. cf. cy- 
lindricum, G. arizonae or G. floridanum. Posteriorly, 
the orbit is freely communicated with the temporal 
fossa, as in Glyptodon and the Hoplophorinae, and dif- 
fering f rom Doedicurus, in which the orbit is closed 
posteriorly. Anteriorly, the area comprising the alveolar 
portion of the maxillae is more extended anteroposteri- 
orly than in Glyptodon, very similar to the condition ob- 
served in G. arizonae, G. texanum and G. floridanum. 
This greater rostral elongation is particularly evident in 
the predental portion of the palate that extends forward 
greatly in advance of the nostrils as in G. floridanum, 
and contrasting with Glyptodon, in which the premaxil-  
lae, maxillae, nasals, and frontals end at the same level, 
forming a vertical plane. As is characteristic of Pleis- 
tocene glyptodontines, the nasals and premaxillae are 
considerably reduced (LYDEKKER 1894; BURMEISTER 
1864; SOIBELZON et al. 2006). 

In frontal view, the nostrils are heart-shaped, with 
the upper margin wider than the lower one; they are 
somewhat similar to those of  G. arizonae, and the Ho-  
plophorinae Eosclerocalyptus proximus and Plohopho- 
rus figuratus. In Glyptodon clavipes and G. munizi 
these openings are clearly subtriangular, with free mar- 
gins of the maxillae straight and more developed sep- 
turn that separates both nasal cavities. The infraorbital 
foramina are at the same level as in the remaining Gly- 
ptotherium species, and show no significant differences. 
The orientation of the exiting infraorbital foramina is 
clearly anterior, as in G. clavipes, and differing from the 
condition of G. munizi, in which the opening of this fo- 
ramen is rather laterally oriented. The descending proc- 
esses of the maxillae are markedly divergent ventrally, 
and their internal margins are almost completely 
straight, as in G. arizonae. This particular morphology 
distinguishes this taxon from the genus Glyptodon, in 
which the descending processes of  the maxillae are gen- 
erally curved toward the sagittal plane, so that their in- 
ternal margins are clearly concave. 

Dorsally, the nuchal ridges at both sides of the su- 
praoccipital are widely open, forming an angle of about 
180 ° with each other, whereas this angle is more closed, 
about 120 °, in G. clavipes and G. munizi. These ridges 
do not form a defined sagittal ridge on the parietals near 
or at the skull midline, as in G. reticulatus, G. munizi 
and G. clavipes. As in all Glyptodontidae, this area 
presents numerous vascular and nervous foramina 
largely concentrated on the parietals, which are small 
and restricted to the dorsal region of the skull. The ab- 
sence of a sagittal crest is also observable in G. arizo- 
nae. Anteriorly, the entire area demarcated by the su- 
praoccipital ridge and the postorbital apophyses of  the 
frontal bone is noticeably more expanded transversally 
than in G. clavipes, and much more so than in G. mu- 
nizi; the condition in this taxon is very similar to that of 
G. arizonae and G. texanum. This greater widening is 
especially evident at the level of  the postorbital narrow- 
ing. The zygomatic arches form a semicircle more evi- 
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Fig. 2. Glyptotherium cf. cylindricum. A-D :  Skull (MCN n/n) in A. dorsal; B. frontal; C. occlusal; and D. lateral view. 
E-F:  Mandible (UCV n/n) in E. occlusal; and F. lateral view. - Scale bar = 10 cm. 
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dent than in Glyptodon, in which they tend to be 
straighter. The surface formed by the frontal bones is 
distinctly convex anteriorly to the postorbital apophy- 
ses, so that its lateral margins are also somewhat con- 
vex. This area is clearly different from that of G. munizi, 
G. reticulatus and G. clavipes, because it is nearly flat, 
and consequently presents straight lateral margins. This 
entire area is largely subtriangular in Glyptodon, with 
the apex directed toward the mid-distal end of the na- 
sals. 

The foramen m agnum  is oval, with its long axis 
transversal. In occlusal view, the palate is wide and the 
premaxillae are less shortened than in Glyptodon, sim- 
ilar to the other Glyptotherium species. Both molari- 
form series are more separated posteriorly; this condi- 
tion is especially evident at the level of  M4. The pre- 
dental portion of  the palate, formed by the maxil lae 
and premaxillae,  is markedly  extended anteroposteri- 
orly, very similar to that of  G.floridanum and the Ho- 
plophorinae Eosclerocalyptus proximus, in which this 
area is subtriangular. This condition differs remark- 
ably from that of  Glyptodon, in which this zone is trun- 
cated and subquadrangular.  Four or five large foramina 
open at both sides of  the dental series, at the level of  
molariforms M4-M6.  The infraorbital foramina are at 
the level of  a plane projecting between M2 and M3, 
and the ventralmost  point of  the descending process of  
the maxil la coincides with a plane passing through the 
first lobe of M4, as in G. arizonae and G. texanum. In 
the posterior palate region, immediately behind M8, 
the small palatine bones are restricted to the lower 
margin of the choanal opening. 

Dentition: All the upper and lower molariforms are 
lobed and with secondary osteodentine ramifications 
(Figs. 2C, E); the latter is probably a synapomorphy of 
Glyptodontinae. The m l  of  G. cylindricum is character- 
ized by its clear trilobation, even more marked than in 
the remaining Glyptotherium species, with well devel- 
oped notches separating the lobes, particularly on the 
labial side. This differentiates this species from G. mu- 
nizi, in which the lobation is almost nonexistent on the 
lingual side, and f rom G. floridanum, in which m l  is 
simple and ovoid in transverse section. In G. cylindri- 
cum, bilateral development of  the last lobe of m l  is 
asymmetric, so that the lobe is more evident labially 
than lingually. The morphology of m2 and m3 is similar 
to that of ml ,  only larger, and with the third lobe show- 
ing more asymmetric  bilateral development; these teeth 
are somewhat similar to those of  G. munizi, G. clavipes, 
G. arizonae, and the m3 of G. floridanum. From m4 to 
m8, all molariforms have the same basic morphological 
pattern, whereas the last lobe is inclined approximately 
80 ° degrees with respect to the sagittal plane; this con- 
dition clearly differentiates this taxon from Glyptodon, 
in which the transverse axis of  the last lobe forms a 90 ° 
angle with respect to that plane. Lastly, the third lobe is 
markedly smaller, as in G. floridanum. Generally, the 

lower dentition of G. cf. cylindricum is similar to that of 
G. arizonae, but can be differentiated from this taxon by 
presenting a less asymmetrical  bilateral development, 
particularly in molariforms m l - m 5 .  

M1 is lobed, although the notches separating the 
lobes are poorly developed, and the transverse axis of 
the first lobe is inclined 50 ° with respect to the antero- 
posterior axis of the dental series. M2 is evidently trilo- 
bated; the occlusal surface of its first lobe is much more 
expanded labially and presents the same inclination ob- 
served in M1. The next two molariforms (M2 and M3) 
are similar, except that the first lobe progressively loses 
the original inclination and the posterior margin of the 
last lobe acquires a convex outline. Molariforms M4 to 
M8 are similar to each other; they are characterized by 
symmetrical bilateral development of  the first lobe and 
by having the transverse axis perpendicular to the longi- 
tudinal axis of the dental series. In these teeth, the ante- 
rior margin of the first lobe is almost  completely flat, 
except for M8, in which this anterior margin is slightly 
concave. A particular feature of  G. cf. cylindricum oc- 
curs in the last lobe of these molariforms, in which the 
lingual half, more expanded than the labial half, presents 
a very convex internal margin; numerous secondary 
ramifications of vasculodentine appear in this lingual 
half. This is also observable in G. arizonae, but the re- 
duction of the labial half  of  the molariform is more 
marked in the latter species. 

Mandible:  The mandible of  G. cf. cylindricum (UCV n/ 
n) is slender (Figs. 2E, F) and morphologically similar 
to that of G. texanum and G. floridanum. It differs 
clearly from that of  Glyptodon and Glyptotherium ari- 
zonae by the much greater robustness in the latter taxa. 
In lateral view, the horizontal ramus is lower than in 
Glyptodon and Glyptotherium arizonae, and its inferior 
margin is slightly convex, almost  straight, and parallel 
to the molariform series as in G.floridanum and G. tex- 
anum. This particular morphology distinguishes this 
taxon from the genus Glyptodon and from G. arizonae, 
in which the horizontal ramus is very deep, with a mark- 
edly convex ventral margin. Anterior to the ml ,  the pre- 
dental portion of the symphyseal region is at a level with 
the molariform series along its entire anteroposterior 
extension, and consequently its dorsal margin is hori- 
zontal and straight, whereas in Glyptodon the distal- 
most third of this structure tends to incline downwards, 
so that its dorsal margin is somewhat convex. Likewise, 
this region is more extended longitudinally than in Gly- 
ptodon. The symphyseal region is shorter than in G. mu- 
nizi, G. clavipes and Glyptotherium arizonae. Posteri- 
orly, this region ends at approximately a vertical plane 
passing through the first lobe of m4, as in Glyptodon 
and the remaining Glyptotheriurn species. The ascend- 
ing ramus is remarkably tall and wide at the alveolar 
level; it begins at the level of  the first lobe of m6, rising 
at an angle of about 60 ° to 70 ° with respect to the occlu- 
sal plane. Its anterosuperiormost point coincides with 
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Fig. 3. Glyptotherium cf. cylindricum. A: (CIAAP n/n) articulated osteoderms of a partial cephalic shield in dorsal 
view (anterior to left). B: (CIAAP n/n) articulated osteoderms of a partial caparace in left lateral view. C-D: (MCN 
n/n) aticulated osteoderms of a partial caparace of one specimen, showing the rugose external surface. E-F: (UN- 
EFM 1540) articulated osteoderms of two partial caudal rings, each of them formed by three osteoderm rows; E. 
posterior and F. external view. - Scale bar = 10 cm. 
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the projection of the m5-m6 boundary. The lower half 
of  the anterior margin of the ascending ramus bears a 
very marked notch delimiting a clearly concave region 
at the level of the molariforms. This concavity is much 
less marked in Glyptodon, G. arizonae and G. florida- 
F/b// ' / ' t .  

Cephalic shield: The preserved fragment  of  a cephalic 
shield ( U N E F M - C I A A P  n/n) consists of twelve articu- 
lated osteoderms (Fig. 3A). The ornamentation of  these 
osteoderms is similar to that of  the carapace, only less 
evident, and the central figure of  each osteoderm is 
somewhat  raised with respect to the peripheral figures. 
Each osteoderm has a central subcircular figure with an 
extremely rugose dorsal surface and numerous perfora- 
tions that increase its rugosity. Each central figure is 
surrounded by a row of poorly developed small peri- 
pheral figures. The morphology of  these osteoderms is 
very different from that of Glyptodon, in which most of 
the cephalic shield is formed by small polygonal osteo- 
derms presenting a smoothly convex dorsal surface with 
no signs of ornamentation (SOIBELZON et al. 2006: 
382). 

Carapace: A large articulated portion of the posterola- 
teral region is preserved ( U N E F M - C I A A P  578) (Fig. 
3B). The dorsal profile is markedly convex in lateral 
view, as in Glyptotherium cylindricum (AMNH 15548), 
and somewhat similar to that of the Propalaehoplophori- 
nae Propalaehoplophorus and Cochlops. This charac- 
teristic morphology differentiates this taxon from Gly- 
ptodon clavipes and G. munizi that have carapaces with 
greater anteroposterior diameters and less convex dorsal 
profiles. The region adjacent to the caudal notch is clearly 
inclined upwards, as described for Glyptotherium cylin- 
dricum (GILLETTE & RAY 1981: 184). This character is 
absent in Glyptotherium texanum, but present in Gly- 
ptotherium arizonae, although the condition is less 
marked in the latter species. The osteoderms are charac- 
terized by a primitive ornamentation pattern, consisting 
of a circular or subcircular central figure encircled by a 
row of  polygonal peripheral figures, which are always 
smaller than the central one, as in Glyptodon. However, 
in contrast with the condition in Glyptodon, in which the 
exposed surface is almost smooth (AMEGHINO 1889; 
SOIBELZON et al. 2006), in Glyptotherium the exposed 
surface is extremely rugose (Figs. 3C, D), with numerous 
perforations, and the peripheral figures are less symmet- 
rical in some osteoderms. In some portions of the cara- 
pace the perforations are more evident and present dis- 
tinct oblique dorso-ventral orientation. 

C a u d a l  r ings:  Fragments of  two associated caudal 
rings f rom a region close to the caudal notch are pre- 
served ( U N E F M  1540) (Figs. 3E, F). Each ring is 
formed by three transverse rows of os teoderms,  in con- 
trast with G. munizi, G. clavipes, G. texanum, G. flor- 
idanum, and G. arizonae in which there are only two 
rows of  osteoderms.  Each distalmost  row is formed by 

quadrangular os teoderms with clearly convex, very ru- 
gose and punctuated exposed surfaces. A small coni- 
cal prominence occurs at the middle of the posterior 
margin of each osteoderm,  which is morphologically 
very similar to that of  G. floridanum and G. arizonae, 
and clearly different f rom that of  Glyptodon. In the lat- 
ter taxon these tubercles are generally much more de- 
veloped, forming pointed conical structures, s imilar  to 
bony "spines". The middle row is formed by smaller 
osteoderms, most ly  hexagonal and with a flat or 
slightly convex dorsal surface, but never as convex as 
the osteoderms in the distalmost  row. The proximal- 
most row comprises  pentagonal osteoderms with the 
same morphology as that described above, but with 
plainly flat exposed surfaces. The proximal third of 
each osteoderm is noticeably thinner, flat and rectan- 
gular, representing the articulation with the preceding 
caudal ring. 

Provenance of material 

Most of the material studied comes from archaeological 
sites containing megafauna, or from latest Pleistocene 
palaeontological sites. Notwithstanding, in 2006 we 
found a complete carapace in the northern town of Uru- 
maco, and one of us (OA) saw isolated broken osteo- 
derms in the Paraguan~i Peninsula (Fig. 1). Outside Es- 
tado Falc6n, some other sites (e.g., Lago de Valencia, 
Maracay, Estado Aragua, A. Jaimes pers. com.) might 
have G. cf. cylindricum among its faunal assemblages, 
but we have not yet studied the remains. 

TaimaTaima: This site is 2.5 km northwest of  TaraTara, 
Colina Municipality, Falc6n State, in an area with "ojos 
de agua" or ascending spring waters (11 ° 29' 57" N and 
69 ° 31' 18" W). The Pleistocene sediments consist of 
gray clayey sands arranged in a layer 0.75 to 1 m thick, 
overlying a pavement formed by coquinoid sandstone that 
belongs to the TaimaTaima Member of the Caujarao For- 
mation (upper Miocene). The TaimaTaima fossil bed was 
described and studied by BRYAN (1979) and GRUHN & 
BRYAN (1984), and divided into four units, of which Unit 
I has the greatest palaeontological significance. The su- 
perficial portion of this Unit I, above the current phreatic 
level, is oxidized, and the lower third was saturated with 
water at the t ime of excavation. The top of Unit I is con- 
spicuous due to an evident unconformity that indicates an 
erosional episode. The remaining paleosoil, with a layer 
of pebbles and abundant fragmentary fossils, overlies the 
unconformity. The paleofaunal association at the uncon- 
formity between Units I/II  forms the third faunal horizon 
that represents the last evidence of megafauna at the 
TaimaTaima site. The reddish sands that underlie Unit II 
are barren. The uppermost stratigraphic unit is a stratum 
of brown sands, also barren. The age of the fossil-bearing 
unit (Unit I) was established on the basis of radiocarbon 
(C TM) dating of diverse types of samples: TAMERS (1971) 
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dated bones and sediment samples, obtaining an age be- 
tween 14,000 and 12,000 radiocarbon years BP; simi- 
larly, GRUHN & BRYAN (1984), based on the analysis of 
plant remains, dated it at between 12,580 ± 150 and 
13,390 ± 130 radiocarbon years BP. 

Muaco: This site is in the Muaco village, between the 
Muaco harbour and Carrizal, Colina Municipality, Fal- 
c6n State, precisely at the location of "ojos de agua" or 
ascending spring waters (11 ° 28' 51"N and 69 ° 32' 
41"W). The site consists of a layer of Pleistocene muddy 
sediments, 2 to 3 m thick, overlying Miocene sandstones 
that belong to the Caujarao Formation. The fossils were 
found sunk in the mud, above the sandstone (ROYO 
GOMEZ 1960). The age of the fossil-bearing unit has 
been established at between 14,300 ± 500 and 16,375 _+ 
400 radiocarbon years before present (OCHSENIUS 1980; 
ROYO GOMEZ 1960; ROUSE & CRUXENT 1963). 

Cucuruchd: This is located at a low hill near Cucu- 
ruchd creek, which drains into the Agua Divina gully, 
between Curazaito and TaimaTaima, in Colina Munici- 
pality, Falc6n State, about 200 m away from the coast 
line (11 ° 30' 10"N and 69 ° 30' 17"W). There are several 
ascending springs around the fossil deposit area. The 
site consists of a thin layer of fragments of rounded 
limestone rocks ranging in size from pebbles to cobbles 
and embedded in a clayey matrix. This layer of fluvial 
Pleistocene sediments is between a few centimetres and 
halfa  metre thick, and it is the main fossil-bearing layer. 
Above the pebble level there is a massive gray to brown 
clayey layer with impressions of stems and leaves. Its 
current thickness is 10 m but it was probably thicker 
originally, and is very probably lacustrine in origin. 
Some fragmentary fossil remains have been found in 
the lower section of these clays (CRUXENT 1970). The 
age of the fossil-bearing unit could not be dated reliably, 
and the results obtained by BRYAN (1973) correspond in 
all probability to rejuvenated samples (5,860 + 80 radio- 
carbon years BP). This age is not consistent with the late 
Pleistocene faunal association found in this fossil bed. 

Quebrada Ocando: This bed is located in the valley 
formed by the Quebrada Ocando southeast from the 
Mataruca hamlet, in Colina Municipality, Falc6n State 
(11 ° 25' 08 " N  and 69 ° 29' 47"W). The site consists of a 
layer of rounded limestone fragments ranging in size 
from pebbles to cobbles, in a matrix of pale yellow Pleis- 
tocene clayey sands; it is 1 to 3 m thick and is the main 
fossil-bearing layer. No information about the age of the 
fossil-bearing unit is available. 

Discussion 

The phylogenetic history of the Glyptodontinae is pecu- 
liar and poorly known at present. The earliest record is 
represented by Glyptodontidium tuberifer CABRERA, 
1944, from the "Araucanian" (late Miocene - early 

Pliocene; ca. 8.7 - 3.9 Ma) of Catamarca and Tucumfin 
provinces, Argentina. Another, poorly characterized ge- 
nus included in this subfamily is Paraglyptodon CAS- 
TELLANOS, 1932, from the Pliocene of Argentina; one of  
the species of this genus (P. chapadmalensis AME- 
GHINO, 1908) is of biostratigraphical importance as 
characteristic of the upper Chapadmalalan Stage/Age 
(ca. 3.5 - 3.2 Ma) (see C[ONE & TONM 1995b, 2005). 
Another species recognized is P. uquiensis CASTEL- 
LANOS (Marplatan; ca. 3.2 - 1.8 Ma), which partly re- 
sembles the Pleistocene genus Glyptodon, particularly 
in skull features (CASTELLANOS 1953). 

Although this subfamily has not yet been subject to 
cladistic analysis, the Glyptodontinae clearly appear to 
be a natural group. In this sense, the main synapomor- 
phies that support the monophyly of this taxon are the 
conical osteoderms forming the margins of the cara- 
pace, and the presence of secondary hard dentine rami- 
fications in the molariform teeth (SCILLATO-YANI~ et al. 
1995; CARLINI & SCILLATO-YANI~ 1999). Additional 
characters include a very constant, rosette-shaped orna- 
mentation pattern and a very solid and thick carapace 
(see HOFFSTETTER 1958; PAULA COUTO 1979). Like- 
wise, the phylogenetic relationships between Glypto- 
dontinae and the other glyptodontid subfamilies 
(Propalaehoplohorinae, Glyptatelinae, Hoplophorinae, 
and Doedicurinae) remain uncertain, although some 
preliminary phylogenetic analyses tentatively place the 
Glyptodontinae as sister group of the Doedicurinae (see 
FERNiCOLA et al. 2002; FERN[COLA 2005). 

According to BOMBIN (1976), FtDALGO & TONNI 
(1983), UBILLA (1985), SCILLATO-YANI~ et al. (1995), 
and FARINA (1996), the Glyptodontinae seems to have 
evolved in open habitats with grasslands and steppes. In 
addition, recent analyses of the hyoid apparatus of Gly- 
ptodon (PgREZ et al. 2000) and the remarkable hypso- 
donty attained by these Cingulata (FARINA & VlZCA[NO 
2001) suggest a primarily grazing diet. 

Already in the early Pleistocene (ca. 1.8 Ma), Gly- 
ptodon (the only Glyptodontinae) was one of the most 
conspicuous taxa within the South American "mega- 
fauna'', considering the notable frequency of discoveries 
referable to this subfamily. From a stratigraphical view- 
point, the oldest well-characterized species is Glyptodon 
munizi, from the Ensenadan of the localities Mar del 
Plata and the "Toscas" of Rio de La Plata, Buenos Aires 
province, Argentina (SOmELZON et al. 2006). According 
to available magnetostratigraphical information, the 
sedimentary sequence of the "Toscas" of Rfo de La Plata 
ranges between 1.7 and 0.98 Ma (early - middle Ense- 
nadan) (BIDEGAIN 1991). This taxon is morphologically 
very similar to the most derived species of the genus (G. 
clavipes and G. reticulatus; see DUARTE 1997; SCILLATO- 
YANI~ et al. 1995; CARLINI 8,: SCILLATO-YANI~ 1999), al- 
though distinguished by less lobation of the first molari- 
form, greater skull elongation and narrowing of the re- 
gion between the postorbital apophysis and supraoccipi- 
tal ridge (see SOIBELZON et al. 2006). 
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From a biogeographic viewpoint, Glyptodon (En- 
senadan - Lujanian) is the genus with the greatest latitu- 
dinal range among the Glyptodontidae, with remains 
found in Argentina (see AMEGHINO 1889; CARLINI & 
SCILLATO-YANI~ 1999, among others), Paraguay (HOFF- 
STETTER 1978; CARLINI 8~; TONNI 2000), Uruguay 
(UBILLA 1996; UBILLA 8~; PEREA 1999; UBILLA et al. 
2004), Brasil (see BOMBIN 1976; OLIVEIRA 1999; RANZI 
2000, among others), Bolivia (OPPENHEIM 1943; TAKAI 
et al. 1984; MARSHALL 8~ SEMPERE 1991; WERDELIN 
1991), Peru (PuJOS & SALAS 2004), Ecuador (MAR- 
SHALL et al. 1984), and probably Colombia (BOMBIN 
1981). Within South America, Glyptodon is scarce in 
the Amazonian region (see RANZI 2000), but relatively 
frequent in coastal and Andean regions (PUJOS & SALAS 
2004). Its presence in Central America, especially in 
Mexico, is uncertain and in need of revision (PAULA 
COUTO 1979; GILLETTE & RAY 1981). However, outside 
of the current Argentine territory, most of the records 
are only identified to genus level and require urgent re- 
vision considering their remarkable latitudinal range 
(see MARSHALL et al. 1984; UBILLA & PEREA 1999; 
OLIVEIRA 1999; PUJOS 8~; SALAS 2004; UBILLA et al. 
2004). 

In this sense, the Glyptodontinae is probably the 
only member of the family that participated in the 
GABI (GILLETTE & RAY 1981) and then had a cladogen- 
esis in North America that is represented by several spe- 
cies. The earliest records of Glyptodontinae in North 
America are ca. 3.9 Ma, from the state of Guanajuato in 
central Mexico (CARRANZA-CASTANEDA • MILLER 
2004; FLYNN et al. 2005). Notwithstanding, it is possi- 
ble that another subfamily also participated, the Gly- 
ptatelinae, only represented by Pachyarmatherium lei- 
seyi DOWING & WHITE, 1995, which was originally de- 
scribed as a Dasypodidae. 

In North America, the only recognized glyptodon- 
tine genus is Glyptotherium (Early Pliocene? - Late 
Pliocene - Late Pleistocene), with a latitudinal distribu- 
tion ranging from approximately 37 ° N to probably 13- 
14 ° N (GILLETTE & RAY 1981; WEBB Be: PERRIGO 1984; 
CZAPLEWSKI 2004). Until the present, all the records 
with clear species-level identification are restricted to 
the southern US and Mexico. 

From a stratigraphic perspective, the earliest un- 
questionable record for the genus is represented by Gly- 
ptotherium texanum, collected from the 111 Ranch lo- 
cality (Arizona, US), from sediments dated at approxi- 
mately 2.6 Ma, immediately below the Gauss/Matuyama 
boundary, and which probably represents the first stages 
of the migration of these taxa from South to North 
America (ca. 2.7 Ma; WHITE & MORGAN 2005; MOR- 
GAN & WHITE 2005; WEBB 2006; but see CARRANZA- 
CASTAI~IEDA & MILLER 2004; FLYNN et al.. 2005). The 
most recent records correspond to Glyptotheriumflori- 
danum, whose biochron coincides with the Ranchola- 
brean age (ca. 0.3 - 0.009 Ma) (MORGAN & HULBERT 
1995). 

In Central America, Glyptotherium arizonae has 
been reported for the early Pleistocene (early - middle?; 
Irvingtonian?) of E1 Salvador (CISNEROS et al. 2001; 
CISNEROS 2005); however, species identification is still 
provisional, as the materials comprise isolated osteo- 
derms and three molariforms and have been classified 
partly on the basis of stratigraphical criteria. WEBB 8~ 
PERRIGO (1984) cited the presence of Glyptotherium 
sp. in the late Pleistocene of Honduras and Panam~i, and 
JACKSON & FERNANDEZ (2005) identified G. florida- 
nurn from Honduras, which thus represents the south- 
ernmost record for Central America. 

Of  the five species recognized as valid by GIL- 
LETTE & RAY (1981), G. cylindricum is, together with 
G. floridanum and G. mexicanurn, one of the species 
occurring in younger sediments, considering that all are 
restricted to the Rancholabrean (late Pleistocene). 

From an anatomical viewpoint, the more derived 
species of the genus (G. mexicanum, G.floridanum and 
G. cylindricum) are clearly differentiated from those 
with earlier records (G. texanum and G. arizonae) by 
the following characteristics: a) G. cylindricum (AMNH 
15548) and G. mexicanum show evident shortening of 
the dorsal carapace, whereas the dorsal profile becomes 
very convex in lateral view and the area adjacent to the 
caudal notch is inclined upwards; b) in G. floridanum 
(USNM 6071) the rostral area is elongated anteroposte- 
riorly; this morphology becomes quite evident at the 
prolongation of the predental portion of the palate; c) the 
angle formed by the palatal plane and the dorsal profile 
of the skull is less acute (ca. 35°); d) the mandible is 
more gracile, differing from that of G. arizonae, which 
is morphologically more similar to the species of Gly- 
ptodon. 

In this context, the remains found in the late Pleis- 
tocene of Venezuela, in the localities TaimaTaima, 
Muaco, Cucuruchd, and Quebrada Ocando, in Falc6n 
State (and which were originally assigned to Glypto- 
don), clearly correspond to genus Glyptotherium, and 
thus represent the first record for this genus in South 
America, thus considerably expanding its distribution to 
70 ° W and 11 ° N. This genus assignment is based on the 
following: a) dorsal surface of the dorsal carapace osteo- 
derms very rugose, different from those of Glyptodon, 
in which they are smoother (see DUARTE 1997; TONNI & 
BERMAN 1988; RINDERKNECHT 2000); b) absence of 
the typical bony "spines" observed in the caudal rings of 
Glyptodon (see AMEGHINO 1889; SOIBELZON et al. 
2006); c) more gracile mandibular horizontal ramus, 
with predental symphyseal region markedly prolonged 
anteroposteriorly, and molariform series (particularly 
ml -m3)  morphologically more primitive; d) ventral 
margin of horizontal ramus subparallel to the molari- 
form series; d) skull markedly elongated anteroposteri- 
orly, and with greater postorbital and bizygomatic dia- 
meters; e) rostral area remarkably prolonged forward, 
particularly the predental portion of  the palate. 
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On the other hand, the species assignment is some- 
what uncertain due to the relatively poor knowledge of 
G. cylindricum, which is limited to the holotype, the 
most significant element of  which is a dorsal carapace 
in excellent condition ( A M N H  15548). This specimen is 
characterized by its notable anteroposterior shortening, 
markedly convex dorsal profile and upward curvature of  
the region adjacent to the caudal notch (BROWN 1912; 
GILLETTE & RAY 1981). One carapace from Taima 
Taima examined - U N E F M - C I A A P  578 - (Fig. 3B) 
shows remarkable similarities to that of the type of 
Glyptotherium cylindricum (see GILLETTE & RAY 1981: 
fig. 87). Likewise, the upper molariform series corre- 
sponding to specimens f rom Venezuela are morpholog- 
ically very similar to those figured by GILLETTE • RAY 
(1981: 60) as belonging to G. cylindricum. With respect 
to the skull, the notable elongation of the rostral area, 
similar to the condition in Late Pleistocene Glypto- 
therium species, is evident. 

From a biogeographic perspective, the distribution 
of Glyptotherium supports the hypothesis of rapid en- 
trance and dispersion of Glyptodontinae into North 
America during the GABI,  given that the earliest un- 
questionable records referred with certainty to this ge- 
nus (but see CARRANZA-CASTAlqEDA ~; MILLER 2004; 
FLYNN et al. 2005) are ca. 2.6 Ma old (G. texanum), co- 
incident with the first evidence (or shortly after) of mas- 
sive immigration f rom South America after the forma- 
tion of a continuous and stable land passage (ca. 2.7 Ma) 
(Fig. 4). These earliest records of  G. arizonae extend as 
far north as 37 ° N. During the Pleistocene, Glypto- 
therium expanded its longitudinal distribution, until it 
ranged f rom 110 ° W to 80 ° W (CZAPLEWSKI 2004). 
Likewise, it dispersed southward into Central America 
during its cladogenesis, as indicated by records in E1 
Salvador (Irvingtonian?, see CISNEROS 2005) and the 
late Pleistocene of Honduras and Panamfi (WEBB & 
PERRIGO 1984). In this biogeographic context, the oc- 
currence of Glyptotherium cf. G. cylindricum in the lat- 
est Pleistocene of the northern extreme of South Amer- 
ica (Fig. 4) can be interpreted as a new case of re-en- 
trance of a group that emigrated from South America 
and diversified in North America,  as has already been 
proposed for the pampatheri id Cingulata (SCILLATO- 
YANI~ et al. 2005). The migratory processes manifested 
by these Cingulata could be associated with the exist- 
ence of some kind of  low land "corridors" that might 
have connected the Florida peninsula with Mexico, and/ 
or Central America and the northern extreme of South 
America (MORGAN & HULBERT 1995; WEBB 2006). 
These low land "corridors" would have developed dur- 
ing the L G M  (Last Glacial Maximum) when the sea 
level dropped up to 120-140 metres below present sea 
level (RABASSA et al. 2005). Because the Pliocene ver- 
tebrate record of northern South America is so poor, we 
cannot be sure, if  the differentiation of Glyptotherium 
occurred before, with later migration to North America, 
or vice versa; only new discoveries in northern South 

Fig. 4: Main dispersal events of Glyptodontinae between 
South America and North America: emigration event to 
North America (Late Pliocene) of a Glyptodontinae spe- 
cies (Glyptotherium? sp.) and subsequent differentia- 
tion of Glyptotherium texanum and immigration event 
from North America (late Pleistocene) of a Glyptothe- 
rium species, probably G. cf. cylindricum and its disper- 
sal to northern South America. 

America  in sediments older, but close to 2.7 Ma, could 
clarify this situation. In this biogeographic context, 
CARRANZA-CASTA/qEDA & MILLER (2004) and FLYNN 
et al. (2005) have reported the presence of the genus 
Glyptotherium in central Mexico, exhumed in sedi- 
ments dated at approximately 3.9 Ma. Unfortunately, 
this early Blancan glyptodont material  consists prima- 
rily of  isolated osteoderms (not illustrated), and conse- 
quently its generic identification is uncertain to us; it 
would not be surprising, if  this early glyptodontine spe- 
cies record is shown to be related with the new glypto- 
dont we described f rom the Codore Formation (Pliocene), 
Falcon State, Venezuela (see CARLINI et al. 2008). 

Conclusions 

1. The genera Glyptodon OWEN, 1839, and Glypto- 
therium OSBORN, 1903, are clearly differentiable 
taxa. The main distinguishing features are in the 
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skull-mandible, morphology of the molariforms and 
osteoderms of the carapace and caudal shield. 

2. Biochronologically, the earliest unquestionable 
records of  Glyptotherium are about 2.6 Ma old (G. 
texanurn), whereas the earliest Glyptodon records (G. 
munizi) occur at the early Pleistocene (ca. 1.7 - 
0.98 Ma). 

3. The presence of Glyptotherium cf. G. cylindricum in 
the latest Pleistocene of northernmost South America 
(Falc6n State, Venezuela) suggests a re-entrance of 
these Glyptodontinae during the late Pleistocene, 
probably associated with a biogeographical "corri- 
dor" that formed during one of the later glacial peri- 
ods. 

4. The assignment of  the remains studied to Glypto- 
therium cf. G. cylindricum is based primari ly on sim- 
ilarities observed in the morphology of the carapace 
and molariforms,  but the relatively poor knowledge 
of this taxon makes this a tentative assignment. Al- 
ternatively, the specimens from Venezuela could cor- 
respond to Glyptotheriumfloridanum, a species with 
an apparently later record (late Rancholabrean), and 
latitudinal distribution reaching about 33 ° N. 

5. All the records dated in Venezuela are ca. 14 ka, and 
often associated with some kind of human activity 
(e.g., TaimaTaima site). 
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