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General description, comparisons and remarks: The 
anterior section of a left maxilla (AMU-CURS-1148) 
is 1.5  mm in length and its distal section preserves the 
curved bone surface that forms part of the external 
narial opening (Fig.  16G). Only an incomplete recurved 
tooth is preserved, and on the lateral surface of the max-
illa, a small foramen is visible. AMU-CURS-1164 is a 
right jaw fragment 2.8  mm in length preserving three 
complete teeth (Fig.  16H1, H2). AMU-CURS-1163 is 
a premaxilla (Fig.  16I) 2.9  mm in length preserving an 

incomplete tooth. The other two specimens are max-
illary fragments (both specimens less than 1.5  mm in 
length) preserving one (AMU-CURS-797, Fig. 16K) and 
two (AMU-CURS-725, Fig.  16J) teeth, respectively. All 
the specimens have pleurodont dentition, and with the 
exception of AMU-CURS-1148, teeth are cylindrical and 
straight. In AMU-CURS-725, both teeth are robust, and 
one of these preserves a smaller accessory distal cusp. 
In the specimen AMU-CURS-1164, part of the subden-
tal shelf is preserved with three closely spaced teeth, 

Fig. 16 Testudines indet. and (non‑snake) Squamata from the Vergel Member. A–E Testudines indet. A Fragment of a right premaxilla 
(AMU‑CURS‑1154). B1, B2 Distal section of a left fibula (AMU‑CURS‑1160). C1, C2 Plastron fragment with a bite mark (AMU‑CURS‑862). D, 
E Shell fragments (D AMU‑CURS‑842 and E AMU‑CURS‑842). F1–F3 Fragmentary right dentary of Tupinambis s.l. (AMU‑CURS‑721). G–K 
(Non‑snake) Squamata indet. G Anterior section of a left maxilla (AMU‑CURS‑1148). H1, H2 Right jaw fragment preserving three complete teeth 
(AMU‑CURS‑1164). I Premaxilla fragment with an incomplete tooth (AMU‑CURS‑1163). J, K Two maxilla fragments (J AMU‑CURS‑725 and K 
AMU‑CURS‑797). Views: anterior (B2), external (C1–E), left lateral (G), right lateral (A, F2), mesial (F3, H2, I–K), occlusal (F1, H1), and posterior (B1)
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which are characterized by a triangular, pointed crown 
with sharp edges. Approximately, in the middle portion 
of the teeth, a clear narrow area delimits the transition 
between the pyramidal crown and the basal section; clear 
resorption pits are located at the base of the teeth. AMU-
CURS-1163 apparently had a tooth with a flattened 
crown tip and the tooth in AMU-CURS-797 is slender, 
conical and well pointed (Fig.  16I). Strong differences 
in the morphology of premaxillary and maxillary teeth, 
and variation in tooth morphology along maxilla (or 
dentary) are usual in many lizard taxa. This might sug-
gest that AMU-CURS-1148, AMU-CURS-1163, AMU-
CURS-1164, and AMU-CURS-725 would not represent 
distinct taxa. In contrast, the tooth preserved in AMU-
CURS-797 (Fig. 16K), which is small, slender, cylindrical, 
and well pointed, seems to belong to a different taxon 
than the above referred specimens. The specimens are 
not well preserved, and taking into account intraspecific 
variation, it is not possible to confidently state how many 
lizard taxa are present in the sample. Nevertheless, the 
subtle dental differences among AMU-CURS-725 and 
the other four specimens suggest the presence of at least 
two taxa.

Serpentes Linnaeus, 1758
Alethinophidia Nopcsa, 1923
Aniliidae Fitzinger, 1826 (sensu Vidal et al., 2009)
Anilius Oken, 1816
Anilius scytale (Linnaeus, 1758)
(Fig. 17A1–A5).

Locality: NCC (conglomerate, Fig. 3B).
Material: An incomplete trunk vertebra 

(AMU-CURS-1159).
General description, comparisons and remarks: AMU-

CURS-1159 is missing part of the neural arch, small por-
tions of the zygosphene and the right prezygapophysis. 
The vertebra is slightly wider than it is long (neural arch 
width: 5.0  mm; centrum length: 4.8  mm). The prezyga-
pophyses are relatively long; they extend well anterolat-
erally in dorsal view and are dorsolaterally inclined in 
anterior view, reaching the level of the zygosphene. The 
neural arch is strongly depressed in posterior view. The 
zygosphene is relatively thin in anterior view. The cotyle 
is broader than it is high and is larger than the neural 
canal. The condyle is circular. The postzygapophyseal 
articular facets are large and ovoidal. The hemal keel is 
weakly expressed in its medial sector but well defined 
posteriorly, where it broadens slightly and is posteriorly 
directed (a groove on each side marks its posterolateral 
edge). The paradiapophyses are laterally eroded. The dia-
pophysis is much smaller than the parapophysis; they are 
partially separated by a deep and well-defined groove that 

develops from their posterior edge in anterodorsal direc-
tion. There are no parapophyseal processes. On the ven-
tral surface, medial to the parapophysis there is, on both 
sides, a sort of small bony bridge that connects the parap-
ophysis to the cotyle; a foramen opens posteriorly to this 
bridge delimiting a channel that could be in connection 
with the deep groove that develops on the anterior sur-
face between the parapophysis and the cotyle. The wide, 
much depressed, and almost flattened neural arch in 
posterior view, the elongated and much dorsally inclined 
prezygapophyses, the rather shallow posterior median 
notch of the neural arch, and the prominent interzygapo-
physeal constriction observable in AMU-CURS-1159, are 
characteristic features of the extant American pipe snake, 
Anilius scytale (Hoffstetter and Rage 1977; Rage 1984, 
1998; Smith 2013; Head 2020), which is currently present 
in Venezuela, though not in Falcón State (Mijares-Urru-
tia and Arends 2000; Barrio-Amorós et al. 2002).

Anilius (and its sole species A. scytale) represents the 
sole extant taxon of Aniliidae, as recent studies have 
demonstrated that the extant Asian cylindrophiids, 
anomochilids, and uropeltids (which share several ver-
tebral features in common) are only distantly related 
and should not be referred to this group (Gower et  al. 
2005; Vidal et al. 2009; Head 2020; Smith and Georgalis 
in press). Note that another potential aniliid genus was 
also present in the Neogene of the Amazonian region, 
i.e., †Colombophis Hoffstetter and Rage, 1977 (Hoffstet-
ter and Rage 1977; Head et al. 2006; see also Hsiou et al. 
2010 for a different taxonomic interpretation). The ver-
tebra from the NCC locality further differs from Colom-
bophis primarily by its much smaller size and less robust 
nature, and to a lesser degree by its more depressed neu-
ral arch, more slender and pointed prezygapophyses and 
postzygapophyses, and less thick zygosphene (Hoffstetter 
and Rage 1977; Head et al. 2006; Hsiou et al. 2010). We 
refer this vertebra to A. scytale, a taxonomic assignment 
supported also by geographic and stratigraphic rationale. 
The specimen AMU-CURS-1159 represents the first fos-
sil occurrence of Anilius scytale.

Constrictores Oppel, 1811a (sensu Georgalis and 
Smith 2020).

Boidae Gray, 1825a
Corallus Daudin, 1803
Corallus sp.
(Fig. 17B1–B5).

Locality: NCC (conglomerate, Fig. 3B).
Material: An incomplete trunk vertebra 

(AMU-CURS-1157).
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General description, comparisons and remarks: AMU-
CURS-1157 is missing most of the left prezygapophysis 
and part of the right prezygapophysis, whereas part of 
the left side of the zygosphene is damaged. The vertebra 
is moderately large, with a centrum length of 7.4 mm and 
a neural arch width of 9.5 mm. The zygosphene is mod-
erately thick in anterior view, with its two lateral edges 
prominent and extending much dorsally, whereas a dis-
tinct convex ridge is present at around its mid-level. In 
dorsal view, the zygosphene is crenate, with distinct lat-
eral lobes (only the right is preserved). The neural spine 
is thick in dorsal view, moderately high in posterior view, 
whereas in lateral view, it is relatively thin, much posteri-
orly inclined, and its height increased toward the poste-
rior portion of the neural arch. The prezygapophyses are 
almost horizontal in anterior view, with only slight dorsal 
inclination. The neural arch is much vaulted in posterior 
view. The cotyle and condyle are large and almost circu-
lar. The hemal keel is wide, denoting that the vertebra 
apparently originates from the posterior trunk region of 
the column. The posterior median notch of the neural 
arch is deep in dorsal view. The wide vertebral centrum, 
being wider than long in ventral view, the paradiapophy-
ses not divided into diapophyses and parapophyses, the 
reduced prezygapophyseal accessory processes, the deep 
posterior median notch of the neural arch, as well as 
the general shape of the vertebra, being robust, strongly 
built, and higher than long in lateral view, all denote that 
AMU-CURS-1157 can be assigned to Boidae (Rage 1984, 
2001; Szyndlar and Rage 2003).

Within Boidae, the specimen AMU-CURS-1157 bears 
strong resemblance with the extant genus Corallus, in 
particular its prezygapophyses being horizontally ori-
ented (almost 180°) in anterior view. Other diagnos-
tic characters are the wide, broad, and strongly vaulted 
neural arch, the crenate zygosphene in dorsal view with 
a strong median lobe, the zygosphene in anterior view 
bearing a prominent median ridge and being wider than 
the cotyle, the presence of small parazygantral foramina, 
the high neural spine in lateral view, and the absolute 
vertebral size (neural arch width less than 10 mm) (Rage 
2001; Camolez and Zaher 2010; Onary et al. 2018). Cor-
allus is still present in Falcón State (Mijares-Urrutia and 
Arends 2000).

Eunectes Wagler, 1830
Eunectes sp.
(Fig. 17C1–C5).

Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: A trunk vertebra (AMU-CURS-1304).
General description, comparisons and remarks: AMU-

CURS-1304 is a large specimen with a centrum length 

of 18  mm. The vertebra is wider than it is long, with a 
prominent anterior widening of the centrum. The zygos-
phene is slightly concave in dorsal view and trapezoidal, 
relatively thick, and with a median tubercle in anterior 
view. The prezygapophyses are much laterally projected 
in anterior view. The interzygapophyseal constriction 
is distinct and defined. The posterior median notch is 
deep. The cotyle is large and deep. The neural arch is 
slightly depressed. The hemal keel is moderately thick 
and crosses the whole midline of the centrum in ventral 
view. Two prominent and deep subcentral foramina lie 
at around the middle of the centrum, one at each side 
of the hemal keel. Similar to the above Corallus speci-
men (AMU-CURS-1157), specimen AMU-CURS-1304 
can be assigned to boids on the basis of a wide verte-
bral centrum, being wider than long in ventral view, the 
paradiapophyses not being divided into diapophyses and 
parapophyses, the relatively reduced prezygapophyseal 
accessory processes, the deep posterior median notch of 
the neural arch, and also the general shape of the verte-
bra, being robust, strongly built, and higher than long in 
lateral view (Rage 1984, 2001; Szyndlar and Rage 2003). 
Within boids, AMU-CURS-1304 can be referred to the 
genus Eunectes, commonly known as anacondas, on 
the basis of its rather robust and large size, the slightly 
depressed neural arch, the thick zygosphene with a 
median tubercle, the deep interzygapophyseal constric-
tion, and the laterally projected prezygapophyses (see 
Hsiou and Albino 2009, 2010; Hsiou et  al. 2013). The 
slightly depressed neural arch and the moderately wide 
hemal keel further imply a position of the vertebra from 
the posterior or posterior mid-trunk region of the col-
umn. Anacondas of the genus Eunectes comprise the 
largest snakes of South America and among the larg-
est worldwide (Murphy and Henderson 1997). Besides 
the extant species of the genus, another extinct named 
species has also been referred: †Eunectes stirtoni from 
the middle Miocene of Colombia (Hoffstetter and Rage 
1977). Based on the available new material from the 
San Gregorio Formation, we refrain from assigning this 
single vertebra to the species level and prefer to refer it 
to the genus level only. Eunectes is currently present in 
Venezuela only in the Orinoco River basin (Wallach et al. 
2014).

Boidae indet.
(Fig. 18A1–B3).

Locality: NCC (conglomerate, Fig. 3B).
Material: Two isolated vertebrae, one incomplete trunk 

vertebra (AMU-CURS-1147), and one fragmented speci-
men of indeterminate position (AMU-CURS-804).
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Fig. 17 Serpentes (Aniliidae and Boidae) from the Vergel Member. A1–A5 Trunk vertebra of Anilius scytale (AMU‑CURS‑1159). B1–B5 Trunk vertebra 
of Corallus sp. (AMU‑CURS‑1157). C1–C5 Trunk vertebra of Eunectes sp. (AMU‑CURS‑1304). Views: anterior (A3, B3, C3), dorsal (A1, B1, C1), right 
lateral (A5, B5, C5), posterior (A4, B4, C4), and ventral (A2, B2, C2)
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General description, comparisons and remarks: AMU-
CURS-1147 is small (centrum length: 4.8  mm), missing 
portions of both postzygapophyses and the edges of both 
its prezygapophyses, whereas its paradiapophyses and 
its condyle are much eroded (Fig. 18A1–A5). The neural 
arch is vaulted in posterior view. The zygosphene is mod-
erately crenate in dorsal view, with two rather prominent 
lateral lobes, whereas in anterior view it is thin, convex, 
and wider than the cotyle. The prezygapophyses are dor-
sally inclined. The neural spine is moderately high, with 
its base extending across most of the midline of the 
neural arch. AMU-CURS-804 lacks the posterior ven-
tral part of the centrum (centrum length: ~ 1.2 mm), the 
right prezygapophysis, both postzygapophyses, most of 
the posterior portion of the neural arch, the neural spine, 
and part of the zygosphene (Fig. 18B1–B3). The prezyga-
pophyses are dorsally inclined in anterior view, whereas 
they are rather slender and extend well anterolaterally in 
dorsal view. Distinct paracotylar foramina are present. 
The paradiapophyses are rather eroded but seem not to 
have been divided into diapophyses and parapophyses. 
A moderately wide hemal keel (or hypapophysis) is pre-
sent in the ventral surface of the centrum. The overall 
shape of these two specimens, being relatively strongly 
built, with the centrum wider than long in ventral view, 
the paradiapophyses not divided into diapophyses and 
parapophyses, the relatively reduced prezygapophyseal 
accessory processes, suggest that they can be referred 
to Boidae (Rage 1984, 2001; Szyndlar and Rage 2003). 
A more precise identification is not possible due to the 
preservational status of the fossils. It has to be noted 
that AMU-CURS-1147 bears some resemblance with 
Epicrates Wagler, 1830, especially in terms of the dorsal 
inclination and lateral expansion of prezygapophyses, the 
shape of the neural spine, and the overall vertebral shape 
and size (see e.g., Onary et al. 2018). However, we hesi-
tate to definitively assign this incomplete new fossil spec-
imen to that genus. Nevertheless, an assignment of both 
specimens to Corallus (as was the case of the specimen 
AMU-CURS-1157) seems to be excluded based on the 
characters described above, most prominently the much 
dorsally inclined prezygapophyses of these vertebrae. 
Specimens AMU-CURS-804 and AMU-CURS-1147 
could suggest the presence of at least a second taxon of 
boids in the NCC assemblage.

?Boidae or ?Aniliidae indet.
(Fig. 18C1–C5).

Locality: NCC (conglomerate, Fig. 3B).
Material: An incomplete trunk vertebra 

(AMU-CURS-1158).

General description, comparisons and remarks: AMU-
CURS-1158 is missing part of the posterior portion of 
the neural arch and the dorsal part of the neural spine, 
whereas its cotyle, left prezygapophysis, and both paradi-
apophyses are strongly eroded. The vertebra is wider than 
long in ventral view (centrum length: 6.4 mm; neural arch 
width: 9.1 mm), with its prezygapophyses extending ante-
rolaterally. There is a relatively deep interzygapophyseal 
constriction. The zygosphene is only slightly crenate in 
dorsal view, whereas in anterior view it is relatively thin 
and almost straight to slightly convex. The neural arch 
is moderately vaulted. The sharp hemal keel in ventral 
view denotes that the vertebra originates from the mid-
trunk region of the column. The overall shape of AMU-
CURS-1158, being relatively strongly built, with the 
centrum wider than long in ventral view, the paradiapo-
physes not divided into diapophyses and parapophyses, 
and the relatively reduced prezygapophyseal accessory 
processes are consistent with a referral to Boidae (Rage 
1984, 2001; Szyndlar and Rage 2003). However, AMU-
CURS-1158 bears also some resemblance to Colombo-
phis, a genus that has been referred to aniliids (Hoffstetter 
and Rage 1977; Head et  al. 2006), or simply treated as 
a basal alethinophidian (Hsiou et  al. 2010), especially 
†Colombophis spinosus, from the middle Miocene of Bra-
zil, Colombia and Venezuela (Hsiou et al. 2010). Features 
shared between AMU-CURS-1158 and Colombophis 
are the deep interzygapophyseal constriction, the rather 
pointed and dorsally inclined prezygapophyses, the shape 
of the zygosphene in anterior and dorsal views, the short 
prezygapophyseal accessory processes, and the neu-
ral spine increasing in height in lateral view much pos-
teriorly from the level of the zygosphene (see figures in 
Hoffstetter and Rage 1977; Head et al. 2006; Hsiou et al. 
2010). Nevertheless, AMU-CURS-1158 can still be dif-
ferentiated from C. spinosus by its more vaulted neural 
arch in posterior view, much more pointed postzygapo-
physes, more anteriorly inclined prezygapophyses in dor-
sal view (condition approaching more the type species of 
Colombophis, i.e., †Colombophis portai Hoffstetter and 
Rage 1977), a longer and better defined hemal keel, the 
orientation of the paradiapophyses, its neural spine not 
so confined to the posterior portion of the neural arch, 
and its proportionally much smaller size. Although boid 
affinities for AMU-CURS-1158 seem to be most likely, 
based on the existing limited material, we cannot exclude 
a referral to Colombophis or a Colombophis-like form.

Caenophidia Hoffstetter, 1939
Colubroides Zaher et al., 2009
Colubroides indet.
(Fig. 18D1–D5).
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Locality: NCC (conglomerate, Fig. 3B).
Material: A fragmentary trunk vertebra 

(AMU-CURS-1161).
General description, comparisons and remarks: A 

fragmentary trunk vertebra with a centrum length 
of 1.9  mm (AMU-CURS-1161), missing the zygos-
phene, its left prezygapophysis, and parts of both 
postzygapophyses, neural spine, hypapophysis, and 
right prezygapophysis. The centrum is elongated. A 
ventrally expanding hypapophysis projects ventrally 
from the centrum in lateral view, though its exact 
extent and size cannot be evaluated with certainty. 
The synapophyses are divided into diapophyses and 
parapophyses. Paracotylar foramina are present. All 
the above characters are consistent with the anatomy 
of Colubroides. Within Colubroides, the presence of 
a hypapophysis instead of a hemal keel throughout all 
trunk vertebrae is a characteristic, among others, of 
most taxa of natricids, elapids, and viperids, whereas 
a hypapophysis is also present in the anterior trunk 
vertebrae of “colubrines” (Rage 1984; Szyndlar 2012; 
Smith 2013; Georgalis et al. 2019). The preservation of 
the specimen AMU-CURS-1161 does not afford any 
more precise taxonomic attribution, but it confirms 
the presence of Colubroides in the fossil assemblage.

Serpentes indet.
(Fig. 18E1–G).

Locality: NCC (conglomerate, Fig. 3B).
Material: A fragmentary trunk vertebra (AMU-

CURS-803), another fragmentary trunk vertebra 
(AMU-CURS-805), and a fragmented prezygapophysis 
(AMU-CURS-724).

General description, comparisons and remarks: 
AMU-CURS-803 has a length of ~ 1.3 mm (Fig. 18E1–
E4), missing a large part of the neural arch, the right 
postzygapophysis, most of the left prezygapophysis, 
and parts of the neural spine and the right prezyga-
pophysis. The most peculiar feature of this vertebra 
is the high convexity of its thin zygosphene in ante-
rior view, whereas in dorsal view, three distinct lobes 
are present at the anterior edge of this structure. 
The specimen AMU-CURS-805 (Fig.  18G) is also a 
rather fragmentary trunk vertebra missing most of 
the left prezygapophysis and both postzygapophyses. 
In a fragmented prezygapophysis (AMU-CURS-724, 
Fig.  18F) the completely prezygapophyseal articu-
lar facet and the prezygapophyseal accessory process 

are preserved. Due to their poor preservational state, 
these three specimens are little informative. The rela-
tively long prezygapophyseal accessory process pre-
sent in AMU-CURS-724 hints at possible affinities 
with Colubroides, though we refrain from formally 
assigning this specimen to that group. The overall 
morphology of AMU-CURS-803, with its relatively 
wider than long centrum, seems to conform mostly to 
boids.

Crocodylia Gmelin, 1789 (sensu Benton and Clark, 
1988).

Alligatoridae Gray, 1844
Caimaninae Brochu, 2003 (sensu Norell, 1988)
Caiman yacare (Daudin, 1802)
Caiman aff. C. yacare
(Fig. 19A1–A3).

Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: An isolated right maxilla fragment 

(AMU-CURS-1328).
General description, comparisons and remarks: 

There are only a few crocodylian fossils from the 
San Gregorio Formation so far that can be assigned 
to a species. Of those, AMU-CURS-1328 is among 
the best-preserved and identifiable skull remains 
(Fig.  19A1–A3). The bone bears 14 alveoli and the 
dorsal bone surface is sculptured with ornamental pit-
ting. Just posterior to the largest alveolus, rostral can-
thi are not present. Rostral canthi are typical for some 
species of Caiman, such as C. latirostris (also for 
Melanosuchus niger), but are absent in others, such as 
C. crocodilus or C. yacare (e.g., Norell 1988; Brochu 
1999). Anteriorly, there is just a remnant of the suture 
with the premaxilla, whereas posteriorly, the suture 
with the jugal is well preserved. The anterior border 
of the suborbital fenestra is oblique, wide, unlike in C. 
yacare and C. crocodilus, where it is pointed. In Cai-
man c. apaporiensis from Colombia, the margin is also 
oblique but much narrower (Medem 1955). Medially, 
the bone is broken and the smooth internal narial pas-
sage is visible. In lateral view, the outline of the max-
illa is wavy. In ventral view, the lateral margin of the 
maxilla from alveolus 7 to 11 is straight rather than 
slightly convex, which is noteworthy for a presumably 
adult specimen.

The first three anterior alveoli are of similar diam-
eter, whereas the following fourth alveolus is much 
larger. The following ten alveoli are small in diameter 
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Fig. 18 Serpentes (Boidae and Colubroides) from the Vergel Member. A1–B3 Trunk vertebra (A1–A5 AMU‑CURS‑1147) and specimen of 
indeterminate position (B1–B3 AMU‑CURS‑804) of Boidae indet. C1–C5 Trunk vertebra of ?Boidae or ?Aniliidae indet. (AMU‑CURS‑1158). 
D1–D5 Trunk vertebra of Colubroides indet. (AMU‑CURS‑1161). E1–G Trunk vertebra (E1–E4 AMU‑CURS‑803), fragmented prezygapophysis (F 
AMU‑CURS‑724), and a trunk vertebra (G AMU‑CURS‑805) of Serpentes indet. Views: anterior (A3, B3, C3, D5, E3), dorsal (A1, B1, C1, D1, E1), left 
lateral (D3), right lateral (A5, C5, D4, E4), posterior (A4, C4), and ventral (A2, B2, C2, D2, E2, G)

and similar sized. Medial to alveoli 2–3, 3–4, 5–6, 
6–7, and 7–8, occlusal pits for the dentary dentition 
can be seen, with the first one being shallow, the fol-
lowing two pits being deeper and the last one being 
shallow again. These occlusal pits indicate a complete 
overbite, as is typical for alligatorids, and are indis-
tinguishable from those of extant C. yacare MLP-R 
5044. Alveolus 3 and alveoli 9–13 still carry well-pre-
served teeth (Fig. 19A2, A3). The third tooth is coni-
cal and slightly recurved. The teeth in alveoli 9–13 are 

straighter and become smaller and more bulbous from 
anterior to posterior. Bulbous teeth in the posterior 
portion of the dentary are absent in C. crocodilus apa-
poriensis (e.g., Medem 1955; Escobedo-Galván et  al. 
2015). The anterior teeth in this series are spaced well 
apart from each other. The last two alveoli might be 
confluent as there is no bony separation visible. Teeth 
3 and 9–11 show anteroposterior carinae, whereas 
the more bulbous teeth 12 and 13 have a round crown 
in cross section. AMU-CURS-1328 has a length of 
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190  mm, indicating that the maxilla derived from a 
large skull of ca. 400 mm in length (based on compari-
sons with extant caimanine skulls). AMU-CURS-1328 
appears to combine a mosaic of features that could 
be ancestral to the modern C. yacare, C. crocodilus, 
and C. c. apaporiensis. In the absence of further and 
more complete specimens, we therefore treat AMU-
CURS-1328 as aff. C. yacare.

Caimaninae Brochu, 2003 (sensu Norell, 1988)
Caimaninae indet.
(Fig. 19B–L).

Locality: NCC (conglomerate, Fig. 3B) and SGOP (con-
glomerate Ly1, Fig. 3C).

Material: Twelve cranial and postcranial isolated 
remains from NCC (AMU-CURS-553, -711, and -1060), 
and SGOP (AMU-CURS-1315) localities.

General description, comparisons and remarks: 
AMU-CURS-553 includes four crocodylian osteo-
derms, three of which are flat and one is keeled. The 
keeled specimen is 23  mm wide and 15  mm long, 
preserving only the anterior half of the osteoderm 
(Fig. 19B–D). In this specimen the ornamental pits do 
not reach the anterior osteoderm margin. The smallest 
fragment (16 × 17  mm) of the flat osteoderms shows 
only a few scattered shallow pits on the bone surface 
and preserves only a small part of the actual bone mar-
gin (Fig. 19D). The two-remaining flat osteoderms are 
of square or almost square shape (26 × 26  mm and 
25 × 28  mm), each comprising three strongly sutured 
margins and one smoother margin (Fig.  19B, C). The 
two osteoderms differ in the size and distribution of 
ornamental pits on the bone surface. In one specimen, 
the largest pits are found distributed along the sutured 
margins and smaller and less deep pits are scattered 
over the osteoderm center, whereas in the other speci-
men, large pits are distributed all over the bone surface 
with the exception of the thinner, non-sutured margin. 
Ventrally, all four osteoderms show a cross-hatching 
pattern of metaplastically ossified structural fibers. 
The three flat osteoderms are tentatively identified as 
the posterior ossifications of composite ventral osteo-
derms prominent in Caimaninae (but see also Brochu 
et al. 2012 for composite osteoderms in a non-Breviro-
stres crocodylian).

AMU-CURS-711 comprises two crocodylian oste-
oderms that were found together. The first one is 
strongly elongated, with sutural margins, and taper-
ing to anterior and posterior tips. It is 20 mm long and 

7  mm wide and carries a low medial ridge (Fig.  19F). 
The surface of the osteoderm is strongly sculptured 
by deep pits. The osteoderm likely represents an early 
stage of a developing dorsal osteoderm (may be from 
the paravertebral shield), in which the keeled area 
develops first (Schmidt 1914). The second osteoderm 
is of rectangular shape (20 mm long and 18 mm wide 
as preserved) with two sutured margins and one mar-
gin tapering into a sharp edge (Fig.  19E). This latter 
margin of the osteoderm is broken and thus its mar-
gin not preserved. The external surface shows a sin-
gle row of three large and widely spaced pits, opposite 
the tapering edge margin. Internally, the osteoderm 
shows some cross-hatching pattern. This osteoderm 
is identified as the anterior ossification of a compos-
ite ventral osteoderm, in which the tapering edge is 
the anterior margin and the ornamented area is the 
posterior margin of the ossification. The specimen 
AMU-CURS-1315 is a partially preserved osteoderm 
identifiable as the anterior element of a composite 
ventral osteoderm (Fig. 19G1, G2). This specimen also 
shows a single row of ventral ornamental pits, three 
preserved margins with weak sutures, and dorsally a 
cross-hatching pattern of the bone surface.

AMU-CURS-1060a-b includes an assortment of 
crocodylian remains, including a skull fragment, one 
cervical rib, and three fragmentary osteoderms. The 
skull fragment (AMU-CURS-1060b, Fig.  19L), a right 
postorbital, has a smoothly convex anterolateral mar-
gin, an opposite concave posteromedial margin (form-
ing the margin of the supratemporal fenestra), and 
shows strong ornamental pitting on its dorsal surface. 
In anterolateral view, the sutural contacts with the 
frontal anteriorly and parietal medially and the squa-
mosal posteriorly are preserved, as well as the fora-
men for the superficial temporal artery (Holliday and 
Witmer 2007). The bone is 31  mm long (maximum 
anteroposterior length) and 23  mm wide (maximum 
mediolateral width). The cervical rib is 31  mm long 
and 8 mm high and shows the typical double articula-
tion with ventral capitulum and a more dorsally situ-
ated tuberculum (AMU-CURS-1060b, Fig.  19K). Of 
the osteoderms (AMU-CURS-1060a, Fig. 19H–J), two 
are of rectangular shape and flat, one being the ante-
rior element and the other being the posterior element 
of a composite ventral osteoderm. Both elements show 
a crosshatching pattern and few scattered nutrient 
foramina on the internal bone surface. Whether both 
elements form a single unit, however, is not clear. The 
posterior ossification (22 × 13 mm as preserved) shows 
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three sutured and one broken margin and only small, 
scattered pits (and one larger pit) over its external 
bone surface. The anterior ossification (26 × 18  mm) 
shows three sutured margins, and one margin tapering 
to a smooth sharp edge. A single row of five pits filled 
with sediment is present opposite the tapering margin. 
One small-keeled osteoderm shows two rows of par-
asagittally arranged pits, with those on one side of the 
keel being slightly larger than those on the other side 
(Fig.  19J). This osteoderm is 20  mm long and 16  mm 
wide. Ventrally it shows a single nutrient foramen. The 
remaining four osteoderms (or partial skull bones) are 
very fragmentary. They show strong ornamentation of 
the bone surface in the form of pitting, but otherwise 
lack sutural contacts or other diagnostic features.

Crocodylia indet.
(Figs. 20A1–T2 and 21A–P).

Locality: NCC (conglomerate, Fig. 3B) and SGOP (con-
glomerate Ly1, Fig. 3C).

Material: Over 583 isolated remains, including 524 
teeth [522 from NCC (AMU-CURS-19, -167, -302, 
-558, -574–577, -666, -707, -829, -847, -861, -881–882, 
-1095, -1121, -1129, and -1201) and 2 from SGOP 
(AMU-CURS-1322 and -1352)], 35 osteoderms [28 from 
NCC (AMU-CURS-30, -594, -737, -830, -884, -1029, 
-1125, -1184, and -1236) and 7 from SGOP (AMU-
CURS-1311–1316 and -1321)], and 24 indeterminable 
skull, lower jaw, and other postcranial bone fragments 
[21 from NCC (AMU-CURS-21, -561, -578, -593, -743, 

Fig. 19 Crocodylia (Caimaninae) from the Vergel (B–F, H–L) and Cocuiza (A1–A3, G1, G2) members. A1–A3 Right maxilla fragment of Caiman aff. 
C. yacare (AMU‑CURS‑1328). B–L Caimaninae indet. B–J Osteoderms (B–D AMU‑CURS‑553, E–F AMU‑CURS‑711, G1, G2 AMU‑CURS‑1315 and H–J 
AMU‑CURS‑1060a), skull fragment (L), and one cervical rib (K) (AMU‑CURS‑1060b). Views: cross sectional (G2), dorsal (A1, L), external (B–G1, H–J), 
lateral (K), right lateral (A3), and ventral (A2)
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-826, -1030, -1062, -1082, -1200, and -1236) and 3 from 
SGOP (AMU-CURS-1309, -1320, and -1319)].

General description, comparisons and remarks: Many 
postcranial bones and teeth are recovered from the San 
Gregorio Formation, but in contrast to larger or more 
complete cranial elements, these are seldom diagnostic 
to the generic or specific level. Teeth are represented in 
different sizes and shapes, ranging from a few millim-
eters to 63 mm long and 28 mm wide at the base for the 
largest specimen (e.g., AMU-CURS-1057). Most of the 
teeth are well preserved with slender, curved, massive, 
and conical sharp crowns, showing carinae, ornamental 
ridges, or fine ornamental rugosities of the enamel sur-
face (Fig. 20A1–H). Some tiny curved crocodylian teeth 
(AMU-CURS-1095, Fig. 20I1, I2) of about 2 and 4 mm in 
length, with lateral carinae and rugose surface wrinkles 
on the enamel crown, which might be from a hatchling or 
very young juvenile specimens.

The osteoderms in general are well preserved, and here 
the most representative specimens are described. AMU-
CURS-030 and AMU-CURS-033 comprise two keeled 
paravertebral osteoderms of sub-square shape (Fig.  20J1–
K2). The surface ornamentation of the osteoderms consists 
of round to ovoid pits that extend over the complete dorsal 
surface. Ventrally the osteoderms show scattered nutrient 
foramina and a strong cross-hatching pattern of metaplasti-
cally ossified structural (collagenous) fibers of the deep con-
nective tissue underlying osteoderms of the paravertebral 
shield (the cingular ligament; see Salisbury and Frey 2001). 
The osteoderms show sutured margins, with the medial mar-
gin being thickened, indicating a close contact with an adja-
cent osteoderm. AMU-CURS-030 and AMU-CURS-033 
could derive from the medial rows of the paravertebral shield 
(Frey 1988). AMU-CURS-593 contains a fragmentary osteo-
derm with a tilted keel and a small carinated tooth (13 mm 
in length) missing the very tip of the crown (Fig. 20L1, L2). 
The shape of the base of the osteoderm is not discernible due 
to the lack of preserved marginal areas. AMU-CURS-594 
comprises three osteoderms (Fig. 20M, N, Q), of which the 
largest one is complete and the other two only partially pre-
served. The smallest specimen (17.5 × 15.5 mm) is flat and of 
rectangular shape. The preserved margins show sutures and 
the external surface is sculptured with pits. The mid-sized, 
only partially preserved specimen and the largest specimen 
(43 × 36  mm) are keeled osteoderms of ovoid shape. The 
ornamentation consists of irregularly arranged, larger and 
smaller pits that reach the margins. The three specimens all 
show a cross-hatching pattern and scattered nutrient foram-
ina on their internal/visceral bone surface.

AMU-CURS-830 is a single osteoderm of roughly ovoid 
shape and an off-centered peak (Fig. 20R). Although over-
all preservation is not great in this specimen, the mar-
gins of the osteoderm carry pegs and sockets, indicating 

sutured margins on all sides. Ornamentation consists of 
irregularly arranged larger and smaller pits that reach up 
to the bone margins. Based on the presence of the off-cen-
tered peak, the osteoderm could be from an accessory row 
on the trunk or from the tail of the animal.

AMU-CURS-1184 is an osteoderm with sub-rectan-
gular base (62 × 78  mm) and a medial keel (Fig.  20P). 
The posterior margin and one of the lateral margins 
of the osteoderm show stronger sutures, whereas the 
sutures are less developed on the anterior and opposite 
lateral margins. Ventrally, a strong cross-hatching pat-
tern is visible. AMU-CURS-1185 is a keeled osteoderm 
with a rectangular shape. The lateral margins comprise 
thickened sutures, indicating articulation with adjacent 
medially and laterally positioned osteoderms. The bone 
surface is sculptured with deep pits, except the anterior 
margin, which remains as a free anterior bar. This speci-
men (36 mm long × 32 mm wide) pertains to the dorsal 
paravertebral shield. Due to gypsum incrusting, a cross-
hatching pattern and few scattered nutrient foramina are 
only weakly visible in the ventral bone surface.

AMU-CURS-1311 is a partial osteoderm with an ovoid 
base and medial keel (Fig.  20O1, O2). Ventrally a slight 
cross-hatching pattern and a few small foramina are dis-
cernible. AMU-CURS-1312 (Fig.  20T1, T2) and -1314 
(Fig.  21B) are partial osteoderms with rectangular bases 
and medial keels. The anterior dorsal margins of the osteo-
derms taper to a sharp edge and lack ornamental pitting. 
The ventral base of both osteoderms is slightly concave. A 
weak cross-hatching pattern and few small foramina can 
be seen on the ventral bone surface. AMU-CURS-1313 
(Fig.  20S) comprises a strongly eroded partial osteoderm 
with medial keel that lacks the lateral margins, and AMU-
CURS-1316 is a strongly weathered flat osteoderm of rec-
tangular shape (Fig. 21C).

Most cranial and postcranial bones are poorly preserved. 
Cranial bones are represented by small portion of the left 
dentary (AMU-CURS-1320, Fig. 21D1, D2), possibly pre-
serving the posterior margin of the fourth alveolus to the 
anterior margin of the seventh alveolus (the fourth one 
being much larger than the others), and a small portion 
of either skull or lower jaw (AMU-CURS-1321, Fig. 21E), 
with strong sculptured pitting pattern on the external bone 
surface. AMU-CURS-1200 is a fragment that derives from 
the skull roof and preserves a part of the dorsal and poster-
odorsal orbital rim of a frontal sutured to a small anterior 
part of the parietal (Fig. 21F). The dorsal surface of both 
bone fragments shows ornamental pitting and a smooth 
ventral bone surface. The frontal part also shows a small 
foramen laterally. AMU-CURS-1309 comprises the poste-
rior part of a surangular (Fig. 21G).

Postcranial bones include fragmented vertebrae, ribs, 
and limbs. AMU-CURS-21 is well-preserved vertebral 
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centra with cotyle and condyle articulations (Fig.  21I1, 
I2). Anteroventrally, partially preserved hypapophy-
ses and lateroventrally, elongated parapophyses that 
extend along the anterior margin of the centrum are pre-
sent, which indicates that these specimens are from the 
anterior (postaxial) cervical vertebrae. The centrum is 
23 mm long, 14 mm wide, and 17 mm high (anteriorly). 
AMU-CURS-578a corresponds to a centrum of a dor-
sal vertebra with a condyle and a cotyle as articular sur-
faces (Fig.  21L1, L2), and one rib fragment (Fig.  21P). 
The vertebral centrum is 25  mm long and 17  mm wide 
at mid-centrum. Ventrally, the centrum has a straight 
and not a concave border and thus represents one of 
the posterior centra in the dorsal (lumbar) series. The 
rib fragment (AMU-CURS-578b) is 84  mm long and 

12.5  mm wide at the widest and flattened expansion of 
the rib shaft. AMU-CURS-743 is an isolated humeral 
shaft (Fig.  21H), where most of the proximal head and 
distal epiphysis are not preserved, so that the fourth tro-
chanter and a small foramen constitute the only identifi-
able shaft features. AMU-CURS-826 is a well-preserved 
vertebral centrum (Fig.  21J1, J2) with cotyle and con-
dyle articulations similar in shape to AMU-CURS-21. 
AMU-CURS-887 is an isolated vertebral centrum from 
the dorsal series. The centrum has a cotyle and a con-
dyle and dorsally, the facets for the neural arch and the 
floor of the neural canal are visible, and zygapophyses 
are not preserved. AMU-CURS-1030 is another isolated 
crocodylian vertebral centrum with a cotyle and condyle 
articulation (Fig. 21K1, K2). The centrum is 41 mm long 

Fig. 20 Crocodylia indet. from the Vergel (A1, B2, D, F–N, P–R) and Cocuiza (C, E, O1, O2, S–T2) members. A1–I2 Teeth (A1, A2, F–H 
AMU‑CURS‑861, B1, B2 AMU‑CURS‑167, C AMU‑CURS‑1352, D AMU‑CURS‑574, E AMU‑CURS‑1322 and I AMU‑CURS‑1095). J1–T2 Osteoderms 
(J1, J2 AMU‑CURS‑033, K1, K2 AMU‑CURS‑030, L1, L2 AMU‑CURS‑593, M, N, Q AMU‑CURS‑594, O1, O2 AMU‑CURS‑1311, P AMU‑CURS‑1184, R 
AMU‑CURS‑830, S AMU‑CURS‑1313, and T1, T2‑1312). Views: cross sectional (L1, O2), external (J1, K1, M–O1, P–T1), internal (J2, K2), labial (A1, C, 
E–G), lateral (A2, B2, I2, L2, T2), and lingual (B1, D, H–I1)
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Fig. 21 Crocodylia indet. from the Vergel (A, F, H–P) and Cocuiza (B, C, D1–E, G) members. A–C Osteoderms (A AMU‑CURS‑1029, B 
AMU‑CURS‑1314, and C AMU‑CURS‑1316). D1, D2 Portion of a left dentary (AMU‑CURS‑1320). E Portion of either skull or lower jaw 
(AMU‑CURS‑1321). F Fragment from the skull roof (AMU‑CURS‑1200). G Posterior part of a surangular (AMU‑CURS‑1309). H Humeral shaft 
(AMU‑CURS‑743). I1–N Vertebrae (I1, I2 AMU‑CURS‑21, J1, J2 AMU‑CURS‑826, K1, K2 AMU‑CURS‑1030, L1, L2 AMU‑CURS‑578a and M1–N 
AMU‑CURS‑1062). O Isolated prezygapophysis (AMU‑CURS‑1236). P Rib fragment (AMU‑CURS‑578b). Views: anterior (M1), dorsal (D1, F, K2, L2, O), 
external (A–C), left lateral (D2, I1, J1, G), posterior (M2–N), ventral (H, I2, J2–K1, L1), and indet. (E, P)



    9  Page 42 of 76 J. D. Carrillo-Briceño et al.

and 22.5 mm at mid-centrum. This specimen also comes 
from the posterior part of the dorsal (lumbar) vertebral 
series. AMU-CURS 1062 comprises two vertebrae of dif-
ferent sizes showing the proximal bases of hypapophyses, 
and are thus identified as pertaining to the cervical series 
(Fig. 21M1–N). The smaller vertebra has well-preserved 
zygapophyses and transverse processes, but the neural 
spine and the condylar and cotylar articulations of the 
centrum are strongly weathered (Fig.  21M1, M2). The 
larger specimen has a better-preserved centrum, but 
the neural spine and the zygapophyses—with the excep-
tion of the left postzygapophysis––are not preserved 
(Fig.  21N). AMU-CURS-1236 corresponds to an iso-
lated prezygapophysis and five four partially preserved 
osteoderms, which were not found in association to each 
other (Fig.  21O). The articulation facet of the isolated 
prezygapophysis is 15 mm long and 8 mm wide. The very 
fragmentarily preserved osteoderms show strong orna-
mentation of the external bone surface in the form of 
pitting, but otherwise lack sutural contacts or other diag-
nostic features.

Mammalia Linnaeus, 1758
Metatheria Huxley, 1880
Didelphimorphia Gill, 1872
Didelphidae Gray, 1821a
Didelphis Linnaeus, 1758
cf. Didelphis sp.
(Fig. 22A1–A3).

Locality: NCC (conglomerate, Fig. 3B).
Material: A partial right humerus (AMU-CURS-1140).
General description, comparisons and remarks: AMU-

CURS-1140 has a length of 22  mm, preserving a short 
portion of the shaft and distal epiphysis, where the 
entepicondylar foramen (Fig. 22A2, A3), the humeral cor-
onoid fossa (Fig. 22A1), olecranon fossae, and medial epi-
condyle (Fig. 22A2, A3) are preserved. AMU-CURS-1140 
has certain similarities with the humerus of extant spe-
cies of Didelphis; however, the fragmentary nature of the 
fossils does not permit an identification beyond generic 
level.

Placentalia Owen, 1837
Xenarthra Cope, 1889
Phyllophaga Owen, 1842
†Megatheriidae Gray, 1821b
†Megatheriinae Gray, 1821b
†Proeremotherium Carlini, Brandoni and Sánchez, 

2006b
cf. †Proeremotherium sp.
(Fig. 22B1–C3).

Locality: NCC (conglomerate, Fig. 3B) and SGOP (con-
glomerate Ly1, Fig. 3C).

Material: A nearly complete skull of a ground sloth 
(AMU-CURS-184), collected from the sandstones over-
lying the conglomeratic layer in the NCC locality, and 
an isolated tooth (AMU-CURS-1303) from the SGOP 
locality.

General description, comparisons and remarks: AMU-
CURS-184 is a relatively well-preserved skull with a total 
length of 455 mm, lacking the jugals, the premaxillae, the 
left zygomatic process of the squamosal, vertical lamina of 
the left pterygoid, anterior part of the nasals, anterior part 
of the maxillae, lateral and partial anterior wall of the alve-
oli of right Mf1, lateral and anterior wall of the alveoli of left 
Mf1, and the lateral wall of those of the left tooth row, and 
teeth (Fig.  22B1–B3). AMU-CURS-184 is broadly similar 
in size and morphology to that of †Proeremotherium eljebe 
from the underlying Codore Formation in the Urumaco 
Sequence (Carlini et al. 2006b), but differing in several fea-
tures such as a longer basicranial area and a more poste-
riorly projected basioccipital between the condyles (see for 
details Carlini et al. 2018). The presence of this specimen 
assigned to cf. Proeremotherium in the San Gregorio For-
mation documents a northern Neotropical occurrence of 
a megatheriine that addresses issues on intraspecific varia-
tion and biogeography (Carlini et al. 2018).

The isolated tooth AMU-CURS-1303 is an incom-
plete left molariform Mf3 (42  mm height) of indeter-
minate position (Fig.  22C1–C3). The molariform lacks 
enamel and it is almost quadrangular in shape (slightly 
wider than long), with well-marked corners. Although in 
occlusal view AMU-CURS-1303 is broken and transver-
sal hard dentine (orthodentine) layers are still visible, the 
two well-developed transversal crests of orthodentine, 
separated by a deep “V”-shaped valley that character-
ize cheek teeth (except Mf5) of megatherids (see Carlini 
et al. 2006b; Bargo et al. 2012), are not preserved.

†Mylodontidae Gill, 1872
†Mylodontidae indet.
(Fig. 23A1–A3).

Locality: NCC (conglomerate, Fig. 3B).
Material: A right humerus (AMU-CURS-62).
General description, comparisons and remarks: The 

specimen AMU-CURS-62 is approximately 450  mm in 
length. It was collected in the sandstones overlying the 
conglomeratic layer in the NCC locality (Fig. 2E). As in 
other mylodontids, like †Bolivartherium, †Lestodon, or 
†Glossotherium, AMU-CURS-62 has a head that slightly 
exceeds the height of the major and minor tuberosities 
(Fig.  23A1, A2), and does not markedly projected pos-
teriorly. The major tuberosity is slightly larger and more 
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massive than the minor one. The diaphysis is a little 
wider than in specimens known of the above-mentioned 
genera. The pectoral and deltoid crests are prominent, 
placed at the mid-shaft, forming a “V” pointed distally 
and aligned with the main diaphyseal axes (not as in 
scelidotherines, where these structures are diagonally 
set at the beginning of the distal third of the diaphysis). 

The entepicondylar foramen is absent and the prona-
tor and supinator processes are not strongly developed 
but broad, forming a wide and flattened distal third. The 
projected line that joins its medial most and lateral-most 
projections being oblique with respect to the line that 
joins the tuberosities. The olecranial fossa is not deep 
(Fig. 23A2), and the distal line of the trochlea is slightly 

Fig. 22 Metatheria (Didelphidae) and Xenarthra (Megatheriidae) from the Vergel (A1–B3) and Cocuiza (C1–C3) members. A1–A3 Right humerus 
(AMU‑CURS‑1140) of cf. Didelphis sp. B1–C3 Skull (B1–B3 AMU‑CURS‑184) and left molariform Mf3 (C1–C3 AMU‑CURS‑1303) cf. †Proeremotherium 
sp. Views: anterior (A2, C2), dorsal (B2), labial (C3), mesial (A3), posterior (A1), left lateral (B1), occlusal (C1), and ventral (B3). cf coronoid fossa, ef 
entepicondylar foramen, lc lateral condyle, mc medial condyle, me medial epicondyle, Mf upper molariform, oc occipital condyle, of olecranon 
fossae, rzp right zygomatic process
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concave. At the distal articular surface, the condyle is big-
ger mediolaterally than the trochlea.

Cingulata Illiger, 1811
†Glyptodontoidea Gray, 1869
†Glyptodontidae Gray, 1869
†Boreostemma Carlini et al., 2008b
aff. †Boreostemma sp.
(Fig. 23B, C).

Locality: NCC (conglomerate, Fig. 3B).
Material: Two osteoderms of the carapace region 

(AMU-CURS-1242).
General description, comparisons and remarks: The 

osteoderms AMU-CURS-1242 resemble those of Bore-
ostemma from the underlying Codore Formation (Pli-
ocene) (see Carlini et  al. 2008b); however, the poor 
preservational condition does not allow a more accurate 
taxonomic assignation. The complete specimen, which is 
43 mm in length (Fig. 23B), can be assigned here to dorsal 
or postero-dorsal osteoderm of the carapace region. The 
second specimen is incomplete and precludes a deter-
mination of the carapace region (Fig.  23C). The speci-
mens AMU-CURS-1242 correspond to the osteoderms 
referred previously to aff. †Boreostemma codorensis by 
Vucetich et al. (2010). These osteoderms were not illus-
trated by Vucetich et al. (2010), and the taxonomical ref-
erence by these authors as aff. B. codorensis is incorrect, 
as the correct name of the species is †Boreostemma plio-
cena (see Carlini et al. 2008b). Other specimens assigned 
to Boreostemma? from the NCC locality included at least 
14 osteoderms reported by Carlini et  al. (2008c) and 
Zurita et al. (2011).

†Pampatheriidae Paula Couto, 1954
†Holmesina Simpson, 1930
†Holmesina floridanus Robertson, 1976
aff. †Holmesina floridanus.
(Fig. 23D1–G2).

Locality: NCC (conglomerate, Fig. 3B) and SGOP (con-
glomerate Ly1, Fig. 3C).

Material: Four carapace osteoderms, including two 
incomplete movable osteoderms from the NCC (AMU-
CURS-1063 and -1119) and two fixed osteoderm of pel-
vic buckler from SGOP (AMU-CURS-1294 and -1295) 
localities.

General description, comparisons and remarks: Vucet-
ich et  al. (2010) referred some osteoderms assigned to 
aff. Holmesina floridanus for the NCC locality; however, 

the specimens were not illustrated. The new pampathere 
osteoderms collected in the San Gregorio Formation 
and referred herein belong to a new taxon (sp. 1) under 
study (in prep.) and aff. to Holmesina floridanus (the old-
est species recorded as a pampathere in North America) 
(Edmund 1987; Scillato-Yané et  al. 2005; Carlini and 
Zurita 2010).

The specimens described herein (Fig.  23D1–E2) 
are thick, with a peripheral area lower than the main 
exposed surface, with one or two rounds of depressions 
that opens radially; the surface is rugose in appear-
ance because of several punctures, on the exposed main 
surface clear centra area elevated, flanked by two shal-
low and wide depressions. The evidence suggests that 
a †Kraglievichia/Holmesina (or a related intermediate 
taxon) would have migrated to North America during 
the GABI, and there the genus Holmesina would have 
differentiated with a single species (H. floridanus) for 
the Blancan (and Irvingtonian?), and other species for 
the Rancholabrean (†Holmesina septentrionalis, that was 
sometimes included as a taxon in the Blancan because of 
labels in collections) (Carlini and Zurita 2010). Similari-
ties between specimens AMU-CURS-1063 (Fig.  23D1, 
D2), -1119 (Fig.  23E1, E2), -1294 (Fig.  23G1, G2) and 
-1295 (Fig. 23F1, F2), from the San Gregorio Formation 
and osteoderms of H. floridanus (FLMNH-UF 223813) 
from the late Blancan late Pliocene of North America, are 
evident, which support the hypothesis that Holmesina 
is linked to the Kraglievichia lineage (Carlini and Zurita 
2010), provided these similarities are indeed indication 
of close relationships. The sequence †Kraglievichia par-
anense (late Miocene, Tortonian) (Cione et  al. 2000)—
new “sp.1” of the San Gregorio Formation—H. floridanus 
(late Blancan, late Pliocene) may represent an anagenetic 
series.

†Plaina Castellanos, 1937
aff. †Plaina sp.
(Fig. 23H1, H2).

Locality: NCC (conglomerate, Fig. 3B).
Material: An isolated and complete fixed osteoderm of 

pelvic buckler (AMU-CURS-736).
General description, comparisons and remarks: AMU-

CURS-736 (sp. 2) is 35 mm in length, resembling those 
osteoderms of Plaina sp. from the Pliocene of North-
western Argentina (Gois 2013; Góis et  al. 2013; Bonini 
2014). It is because AMU-CURS-736 has an almost flat 
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Fig. 23 Xenarthra (Mylodontidae, Glyptodontidae, and Pampatheriidae) from the Vergel (A1–E2, H1, H2) and Cocuiza (F1–G2, I1–I3) members. 
A1–A3 Right humerus (AMU‑CURS‑62) of Mylodontidae indet. B, C Carapace osteoderms (AMU‑CURS‑1242) of dorsal or postero‑dorsal (B) and 
indeterminate position (C) of aff. Boreostemma sp. D1–G2 Movable osteoderms (D1, D2 AMU‑CURS‑1063, and E1, E2 AMU‑CURS‑1119), and fixed 
osteoderms of pelvic buckler (F1, F2 AMU‑CURS‑1295, and G1, G2 AMU‑CURS‑1294) of aff. Holmesina floridanus. H1, H2 Fixed osteoderm of pelvic 
buckler (AMU‑CURS‑736) of aff. Plaina sp. I1–I3 Incomplete caudal vertebra (AMU‑CURS‑1356) of Xenarthra indet. Views: anterior (A1, I2), cross 
sectional (D2, E2, F2, G2, H2), external (B–D1, E1, F1, G1, H1), left lateral (I1), medial (A3), and posterior (A2, I3)
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and smooth exposed surface with few punctuations, 
and with a shallow and wide depression, that surrounds 
a slightly elevated and rounded central area (Fig. 23H1). 
AMU-CURS-736 is thinner (Fig.  23H2) than those of 
the specimens “sp. 1” referred above to aff. Holmesina 
(AMU-CURS-1063, -1294 and -1295). AMU-CURS-736 
is close to half of its thickness for an equivalent surface 
(e.g., Fig.  23D2, E2, F2 and G2). The presence of this 
eventual new “sp. 2” in the NCC locality would represent 
a second lineage of pampatheres.

Xenarthra indet.
(Fig. 23I1–I3).

Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: An incomplete caudal vertebra 

(AMU-CURS-1356).
General description, comparisons and remarks: AMU-

CURS-1356 corresponds to a caudal vertebra of the 
anterior region of the series with a centrum of 57  mm 
in diameter. The right transverse process, hemal facets, 
and neural arch are preserved; however, the articular 
facets and spinous process are missing. The right trans-
verse process in AMU-CURS-1356 projects so far ven-
trally, a morphological feature observable also in some 
glyptodonts (see Gillette and Ray 1981, figs. 76, 77). Nev-
ertheless, due to the preservational condition of AMU-
CURS-1356, for now, we refrain from assigning this 
specimen to either a terrestrial sloth or a glyptodont.

†Meridiungulata McKenna, 1975
†Litopterna Ameghino, 1889
†Proterotheriidae Ameghino, 1887
†Proterotheriidae indet.
(Fig. 24A1–B2).

Locality: NCC (conglomerate, Fig. 3B).
Material: A metacarpal (AMU-CURS-742) and a distal 

epiphysis of a metacarpal (AMU-CURS-1189).
General description, comparisons and remarks: The 

proterotheriid elements assigned here as a metacarpal 
(Fig.  24A1–A3) and a distal epiphysis of a metacarpal 
(Fig.  24B1, B2), likely belonged to a juvenile individual 
as the epiphysis did not fuse to the shaft. Due the frag-
mentary condition of these specimens, it is not possible 
to determine a more precise taxonomic identification. 
Carrillo et  al. (2018) reported proterotheriid specimens 
from the Algodones Member of the Codore Formation, 
the new specimens here reported from the NCC locality 
extend the stratigraphic record to the Vergel Member of 
the San Gregorio Formation.

†Notoungulata Roth, 1903
†Toxodontidae Gervais, 1847
†Toxodontinae Trouessart, 1898
†Falcontoxodon Carrillo et al., 2018
†Falcontoxodon sp.
(Figs. 24C1–K2 and 25A1–E3).

Locality: NCC (conglomerate, Fig. 3B).
Material: Thirty-three dental and postcranial ele-

ments, including two upper incisors (AMU-CURS-825 
and -1335), two upper premolars (AMU-CURS-1331 and 
-1332), two upper molars (AMU-CURS-1333 and -1346), 
five lower incisors (AMU-CURS-828, -888, -1339, -1342, 
and -1350), 14 lower premolars (AMU-CURS-831–835, 
-846, -889, -1334, -1336–1338, -1340–1341, and -1343), 
five lower molars (AMU-CURS-1344–1345 and -1347–
1349), two astragali (AMU-CURS-1202 and -1330), and 
one metatarsal (AMU-CURS-1118).

General description, comparisons and remarks: We 
report 33 additional dental and postcranial elements of 
Falcontoxodon sp., a taxon reported from the same local-
ity by Carrillo et al. (2018). The second upper incisor (I2) 
is developed as a tusk; it is triangular in cross section 
with enamel in the mesial and part of the labial side of the 
crown (Fig.  24C1–C3). The upper premolars (P4) show 
an enamel band on the labial side of crown, a second one 
on the mesiolingual side and a lingual enamel fold with 
a narrow enamel band (Fig. 24E1, E2). The upper molars 
are identified as M1 or M2 (Fig. 24F1, F2) because of the 
absence of a lingual column in the protoloph (Carrillo 
et al. 2018). They have a primary lingual enamel fold and 
one broad enamel band on the labial side of the crown 
and two narrow bands, one on the mesial and one on the 
lingual side.

The lower incisors (Fig. 24G1–H3) have a broad labial 
enamel band and a narrow lingual band. In one speci-
men (AMU-CURS-1342), there is a small lingual enamel 
fold. The lower premolars (Fig. 24I1–K2) have an enamel 
band only on the labial side. The specimens with a labial 
groove are tentatively identified as p4, which is absent in 
the p3 of the holotype of Falcontoxodon (Carrillo et  al. 
2018). The lower molars (identified as m1 or m2) have a 
buccal enamel fold on the labial side of the crown, and 
a meta-entoconid and ento-hypoconulid fold on the 
lingual side (Fig.  25A1–B3). There is a lingual enamel 
band that extends from the anterior fold to the hypoco-
nulid, as in the holotype of Falcontoxodon (Carrillo et al. 
2018). The new postcranial elements include two astra-
gali (AMU-CURS-1202 and -1330, Fig.  25C1–D2) and 
a metatarsal IV (AMU-CURS-1118, Fig.  25E1–E3). The 
neck of the astragali is very short and the medial tibial 



Page 47 of 76     9 A Pliocene–Pleistocene biota from Venezuela

Fig. 24 Litopterna (Proterotheriidae) and Notoungulata (Toxodontidae) from the Vergel Member. A1–B2 Metacarpal (A1–A3 AMU‑CURS‑742) 
and distal epiphysis of a metacarpal (B1, B2 AMU‑CURS‑1189) of indeterminate position assigned to Proterotheriidae indet. C1–K2 Teeth 
of Falcontoxodon sp. C1–D3 Upper incisors: I2 (C1–C3 AMU‑CURS‑825) and I1 (D1–D3 AMU‑CURS‑1335). E1–E3 Right upper premolar P4 
(AMU‑CURS‑1331). F1, F2 Right upper molar M1 or M2 (AMU‑CURS‑1346). G1–H3 Lower incisors i1 or i2 (G1–G3 AMU‑CURS‑828 and H1–H3 
AMU‑CURS‑888). I1–K2 Lower premolars left p4 (I1, I2 AMU‑CURS‑831), right p4 (J1, J2 AMU‑CURS‑1337), and left p4 (K1, K2 AMU‑CURS‑1338). 
Views: anterior (A1), distal (B1, E3), disto‑medial (B2), medial (A2), posterior (A3), occlusal (C3, D3, E2, F2, H2, I1, J1, K1), labial (E1, F1, G2, H1, I2, J2, 
K2), lingual (D1, G1), mesiolingual (C2), and mesial (C1, D2, G3, H3)
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facet is expanded medially, as in the Falcontoxodon astra-
galus described from the same locality (Carrillo et  al. 
2018). However, in the new astragali, specimens have the 
sustentacular and navicular facets separated, unlike the 

astragalus previously described, which could be related 
to intraspecific or ontogenetic variation.

†Toxodontinae indet.
(Fig. 25F1–H2).

Fig. 25 Notoungulata (Toxodontidae) from the Vergel (A1–E3) and Cocuiza (F1–H2) members. A1–E3 Falcontoxodon sp. A1–B3 Right lower 
molars, m1 or m2 (A1–A3 AMU‑CURS‑1345 and B1–B3 AMU‑CURS‑1348). C1–D2 Astragali. C1, C2 Left astragalus (AMU‑CURS‑1202). D1, D2 Right 
astragalus (AMU‑CURS‑1330). E1–E3 Metatarsal IV (AMU‑CURS‑1118). F1–H2 Toxodontinae indet. F1, F2 Right partial mandible (AMU‑CURS‑1351). 
G Upper incisor (AMU‑CURS‑1326). H1, H2 Upper left molar (AMU‑CURS‑1325). Views: anterior (E1), lateral (E3, F2), distal (A3, B3), dorsal (C1, D1, 
E2), plantar (C2, D2), labial (A2), lingual (B2, G, H1), and occlusal (A1, B1, F1, H2)
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Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: An upper incisor (AMU-CURS-1326), an 

upper left molar (AMU-CURS-1325), and a right partial 
mandible (AMU-CURS-1351).

General description, comparisons and remarks: The 
upper left molar AMU-CURS-1325 (Fig.  25H1, H2) 
is ~ 80  mm in length, and the right partial mandible 
(AMU-CURS-1351) of ca. 155  mm in length with m1–
m3. The lower molars in AMU-CURS-1351 have a buc-
cal enamel fold, and on the lingual side, the m1 and m2 
have a meta-entoconid and an ento-hypoconulid fold 

(Fig. 25F1, F2). Parts of the crowns are broken, including 
enamel bands on the lingual side.

†Typotheria Zittel, 1893
†Interatheriidae Ameghino, 1887
†Interatheriidae indet.
(Fig. 26A1–A5).

Locality: NCC (conglomerate, Fig. 3B).
Material: an isolated crown (AMU-CURS-818).
General description, comparisons and remarks: AMU-

CURS-818 is an isolated unworn crown of the left m3 

Fig. 26 Notoungulata (Typotheria) from the Vergel Member. A1–A5 Left m3 (AMU‑CURS‑818) of Interatheriidae indet. B1–B3 Jaw with fused 
symphysis (AMU‑CURS‑1190) of Typotheria inc. sed. Views: distal (A3), dorsal (B1), labial (A2), lingual (A4), mesial (A5), occlusal (A1), right lateral (B3), 
and ventral (B2). abb.dcd abbreviated distolingual cingulid, c canine, ecfd ectoflexid, entd entoconulid, hyfd hypoflexid, hypcd hypoconulid, i incisor, 
mf menthal foramen, metd metaconid, pcd paraconid, pfd paralophid, ptcd protoconid, p premolar, mscd mesiolingual cingulid
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with a length of 4.7 mm. The crown has a distinctive elon-
gated talonid (Fig. 26A1), is nearly hypsodont, and lacks 
cementum. On the occlusal surface, the crown is lopho-
dont and displays a straight and long transverse metacris-
tid with no distinct longitudinal projection. The trigonid 
has a distinctive labial reduction of the anterolingual 
cristid. A deep lingual sulcus separates the paraconid 
from the metaconid. The metacristid of the metaconid 
is distinct and projects lingually. The protoconid is con-
nected to the paraconid by a longitudinal ridge. Similar 
to the m3 of other typotheres, the talonid attaches to the 
trigonid about midway along the length of the transverse 
metacristid and forms a labially convex crescent. A dis-
continuous cingular segment is located distolabially from 
the hypoconulid. There is a strong mesiolingual cingulid 
connecting the base of the paralophid with the base of 
the metaconid. The cristid obliqua is short, low, and 
rounded and runs parallel to the tooth row.

AMU-CURS-818 is referred to the Notoungulata based 
on it having a lophodont dentition with two main cres-
centic crestids (the metalophid and the hypolophid) 
together with a shorter transverse entolophid derived 
from the entoconid. The crown lacks cementum and is 
hypsodont, a distinctive morphology not present in any 
small-sized notoungulate. It lacks the distinctive tube-
like margins present in hypselodont interatheriids with 
cementum (e.g., †Miocochilius). The unreduced second 
lobe present in the m3 rules out any hegetotheriidae 
relationships (Cerdeño and Reguero 2015), an interpre-
tation also supported by the lack of cementum, and hav-
ing a less reduced posterior lobe on m3, the latest only 
present in Neogene interatheriids. The relative depth of 
the labial valley between the trigonid and talonid rules 
out any relationship with other Neogene notoungulate 
reported in tropical South America. Finally, the presence 
of an anterolingual cingulid, only preserved in Paleogene 
†Notostylops, suggests an earlier divergence from primi-
tive interatheriids. This small notoungulate has a distinct 
reduced talonid, and a labially reduced crest connecting 
the paralophid with the protoconid, features only present 
in Paleogene notoungulates. The m3 lacks the elongated 
second lobe present in Neogene mesotheriine specimens, 
e.g., †Miocochilus anomopodus and †Protypotherium 
(Rose 2006; Renvoisé and Michon 2014; Tapaltsyan et al. 
2015). The nearly hypsodont crown with no cementum 
suggests a non-notohippine ancestry (Wyss et al. 2018).

AMU-CURS-818 from the NCC locality is one of the 
youngest interatheriid fossils in South America. Despite 
its clear association with fluvial depositional paleoen-
viroments, the shape of the crown suggests little to no 
transport prior to burial (Fig.  26A1–A5). However, a 
distinctive hypselodont dentition cannot be identified in 
our reduced sample (N = 1). Despite evident sampling 

biases, many of these hypselodont dental morphologies 
are distinctive of Neogene interatheriids, such as Mioc-
ochilius or Protypotherium. In contrast, the occurrences 
of notostylopids (typotheres) are restricted to Paleogene 
sequences in Argentina, Brazil, and Chile (McKenna and 
Bell 1997; Billet 2011). The absence of cementum rules 
out any relationship with the Interatheriinae (Vera et al. 
2017), while the crown lacks the distinctive flat labial face 
present in hegetotheriids (Cerdeño and Reguero 2015). 
The anteroposterior elongation of the second lobe rules 
out any relationship to basal hegetotheriids, while the m3 
has a relatively deep labial sulcus on m3 not present in 
basal Interatheriinae such as †Santiagorothia and †Proar-
gyrohyrax (Cerdeño and Reguero 2015).

†Typotheria inc. sed.
(Fig. 26B1–B3).

Locality: NCC (conglomerate, Fig. 3B).
Material: A partial jaw (AMU-CURS-1190).
General description, comparisons and remarks: AMU-

CURS-1190 is a partial jaw with fused symphysis of 
16.0  mm in length and 13.5  mm in width. The speci-
men lacks all tooth crowns (Fig. 26B1) but the alveoli for 
lower i1 and right i1-p2 are preserved. A mental foramen 
is located about 5.0 mm below the base of the crown for 
the p1 (Fig. 26B3). The posterior end of the symphysis is 
located below the root of the p1 (Fig. 26B2). The symphy-
sis is shallower than that of small-sized typotheres, like 
the hegetotheriid †Hemihegetotherium trilobus (Croft 
and Anaya 2006), and resembles the more gracile Eocene 
typothere genus †Griphitherion from northwestern 
Argentina (García and Powell 2011). AMU-CURS-1190 
is tentatively referred as a Typotheria inc. sed. based on 
its small size, shallow symphysis, and completely fused 
mandible.

Rodentia Bowdich, 1821
Hystricognathi Tullberg, 1899
Caviomorpha Wood, 1955
Cavioidea Fisher von Waldheim, 1817 (sensu Kragliev-

ich 1930)
Caviidae Fisher von Waldheim, 1817
Hydrochoerinae (Gray, 1825a, b) Gill 1872: Weber 1928 

(sensu Kraglievich 1930)
†Hydrochoeropsis Kraglievich, 1930
?†Hydrochoeropsis wayuu Pérez et al., 2017
(Fig. 27A1–B2).

Locality: NCC (Fig. 3B).
Material: A right dentary (AMU-CURS-744) and a left 

M1 or M2 (AMU-CURS-1222).
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General description, comparisons and remarks: The 
dentary of AMU-CURS-744 is ca. 89  mm in length 
(Fig. 27A1, A2); it was recovered from the fine sandstone 
layer about 20  cm below the conglomerate (Fig.  3B). 
AMU-CURS-744 is quite damaged, but the occlusal 
surface of the cheek teeth is relatively well preserved 
(Fig.  27A1, A2). On the medial surface of the dentary, 
the incisor alveolus forms a salience extended up to the 
m1 (Fig.  27A2). A prominence projects from the poste-
rior most region of the alveolus in posterior direction, 
up to the level of the m3, where it is located the man-
dibular foramen, which penetrates the dentary obliquely 
(Fig. 27A2). In the lateral view, a small portion of the con-
dylar process is preserved posteriorly to the level of the 
m3.

The cheek teeth are euhypsodont, formed by prisms 
or laminae (Fig.  27A1). From the dental series, the p4 
and m3 are the best-preserved teeth. The p4 shows the 
anterior secondary prism (pr.s.a.) with a rounded mesial 
outline and the tip of the 3rd internal column (c.3e) is 
oriented distolabially. Lingually, the pr.s.a. shows a wide 
and shallow 5th internal flexid (h.5i). The secondary 
external flexid (h.s.e.) is wide and is penetrating obliquely. 
The pr.s.a. is connected to the pr. I by a thin and short 
isthmus. The pr. II and I are “y-shaped,” both connected 
by a short mesiodistally oriented isthmus. The columns 
of these prisms are transversely oriented, being the tip of 
the 3rd internal column (c.3i.) located at the same level 
as the 2nd external column (c.2e.). On the lingual region 
of the P I and P II, the 3rd internal flexid (h.3i) and 2nd 
internal flexid (h.2i) have the same deepness, reach-
ing the midline of the tooth, while the 1st internal flexid 
(h.1i) is more developed, surpassing the midline. The tip 
of the h.2i is opposite to the fundamental external flexid 
(h.f.e). The h.f.e. is wide like the h.s.e. but is less deep. The 
tip of the 1st external column is broken.

In the m1, from the pr. I only the pr. Ib is preserved 
(Fig. 27A1). The lingual tip of this prism is connected to 
the pr. II. The lingual tips of the pr. IIa’ and IIa’’ are bro-
ken. The labial tip of the pr. IIa is connected to the pr. IIb. 
In the m2, only the pr. I is well preserved (Fig. 27A1). The 
pr. I’ and pr. II’ are transverse laminae, labially connected, 
separated by a labiolingually wide tertiary internal 
flexid (h.t.i.). The m3 is composed of transverse prisms 
(Fig. 27A1). The pr. I is “U-shaped” and does not preserve 
the lingual tip of the pr. I’’. The pr. I’ and pr. I’’ are labially 
united. The pr. II is quite damaged, not preserving the 
tips of the pr. IIa and pr. IIb’’.

The cheek teeth of AMU-CURS-744, as well as the 
specimen AMU-CURS-1222, were compared with 
other Neogene and Quaternary hydrochoerines (Vucet-
ich et al. 2005, 2012, 2014, 2015; Deschamps et al. 2007; 
Pérez et  al. 2017; Gomes et  al. 2019; Cerdeño et  al. 

2019). Two morphological traits of the p4 let us to assign 
AMU-CURS-744 to the hydrochoerine ?Hydrochoerop-
sis wayuu, a taxon recently described from the Pliocene 
of Colombia (Pérez et al. 2017): (1) the h.2i and h.3i are 
equally deep (also shared with Hydrochoeropsis dasseni 
from the Pliocene of Argentina); and (2) the fifth internal 
flexid (h.5i) has the same wide and depth as in ?H. wayuu, 
differing from other known hydrochoerines (see Pérez 
et al. 2017: p. 115). Besides, the p4 exhibits a symmetric 
pr. II, with the 3rd internal column at the same level as 
the 2nd external column, and the tip of the h.2.i opposite 
to the h.f.e, which are diagnostic traits of this Pliocene 
hydrochoerines. The only lower tooth of the type series 
of ?H. wayuu is a fragmented p4. Therefore, the material 
here described is the most complete lower dental series 
assigned to this species.

The isolated upper tooth (left M1 or M2) AMU-
CURS-1222 of 21.6 mm in length (Fig. 27B1, B2) was col-
lected in a fine sandstone layer about 60 m south of the 
conglomerate outcrop. Although this layer belongs to the 
Vergel Member and it is included in the same area that 
we call NCC locality, stratigraphically it could be located 
about 30 m below the conglomerate. AMU-CURS-1222 
is similar to the specimen MUN-STRI-16233, described 
by Pérez et al. (2017).

The fossil record of hydrochoerines from NCC local-
ity includes †Cardiatherium sp. (see Vucetich et  al. 2010). 
However, with the description of ?H. wayuu from the Ware 
Formation, Pérez et  al. (2017) suggested that the remains 
reported by Vucetich et  al. (2010) could belong to young 
specimens of this species. Hence, the specimens here 
described confirm the presence of ?H. wayuu in the San Gre-
gorio Formation and reinforces the biostratigraphic correla-
tion between the two geological units (Moreno et al. 2015).

Hydrochoerinae indet.
(Fig. 27C1–E2).

Locality: NCC (conglomerate, Fig. 3B).
Material: Three fragmentary teeth 

(AMU-CURS-1186–1188).
General description, comparisons and remarks: The 

specimens correspond to fragmentary laminar cheek 
teeth (AMU-CURS-1186, pr. IIa’’ and pr. IIb of a right m3; 
AMU-CURS-1187, ?pr. IIa and pr. IIb’ of left m1;AMU-
CURS-1188, ?pr. 1 of a left M1 or M2), whose state of 
preservation does not allow a more precise taxonomic 
determination.

Chinchilloidea Bennett, 1833
†Neoepiblemidae Kraglievich, 1926
†Neoepiblemidae indet.
(Fig. 27F1, F2).
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Locality: NCC (conglomerate, Fig. 3B).
Material: An isolated left dp4 (AMU-CURS-1220).
General description, comparisons and remarks: AMU-

CURS-1220 corresponds to a left dp4 with 10  mm in 
length assigned to a neoepiblemid rodent (Fig. 27F1, F2). 
It is a mesiodistally elongated and laminar tooth, with 
signs of resorption in the apical portion. The occlusal 
surface is composed of four oblique laminae (Fig. 27F1). 
The first and second laminae are labially connected. A 
lingual flexid penetrates between both laminae obliquely, 
but it does not reach the midline of the tooth. Labially to 

the labial tip of the flexid, there is evidence of a closed 
fossetid. The third lamina is the most oblique and has a 
greater width. The fourth lamina is labiolingually shorter 
than the second one, and it is less oblique.

Neogene neoepiblemid rodents from the Neotrop-
ics include two late Miocene genera: †Neoepiblema and 
†Phoberomys (Sánchez-Villagra et al. 2003; Horovitz et al. 
2006; Kerber et  al. 2019), both recorded in the upper 
Miocene sequence of Urumaco (Carrillo and Sánchez-
Villagra 2015). Adult specimens of Neoepiblema show 
the lower premolar and molars with three laminae, while 

Fig. 27 Rodentia (Caviomorpha) from the Vergel Member. A1–B2 Right dentary (A1, A2 AMU‑CURS‑744) and left molar M1 or M2 (B1, B2 
AMU‑CURS‑1222) of ?Hydrochoeropsis wayuu. C1–E2 Fragmented cheek teeth (C1, C2 AMU‑CURS‑1186, ?pr. IIa’’ and pr. IIb of a right m3; D1, D2 
AMU‑CURS‑1188, ?pr. 1 of a left M1 or M2, and E1, E2 AMU‑CURS‑1187, ?pr. IIa and pr. IIb’ of left m1) of Hydrochoerinae indet. F1, F2 Left dp4 
(AMU‑CURS‑1220) of Neoepiblemidae indet. G1–G3 Left M1 or M2 (AMU‑CURS‑1221) of Marisela gregoriana. H–J2 ?Caviomorpha indet. H, I Incisors 
of indeterminate position (H AMU‑CURS‑1155 and I AMU‑CURS‑1206). J1, J2 Tooth fragment (AMU‑CURS‑1235). Views: medial (A2), distal (C2, D2, 
E2), labial (G2), lingual (B2, F2, G3), mesial or distal (H, I, J2), and occlusal (A1, B1, C1, D1, E1, F1, G1, J1). cp condylar process, ia incisor alveolus, mf 
mandibular foramen, m lower molar, and p lower premolar
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Phoberomys spp. has p4 and molars with three and four 
laminae, respectively (Rasia and Candela 2018; Ker-
ber et al. 2019). However, juvenile specimens (including 
Neoepiblema, Kerber, per. obs.) have five or four laminae 
composing the teeth (Rasia and Candela 2018; Boivin 
et al. 2019). Due to the absence of more diagnostic fea-
tures, the material here reported is assigned to Neoepi-
blemidae indet. depending on further findings for better 
taxonomical identification of the San Gregorio neoepi-
blemid. Vucetich et  al. (2010) reported the presence of 
Neoepiblema sp. for this unit (specimen UNEFM-VF-54). 
However, the specimen is quite fragmented for a confi-
dent identification. Here, new evidence of the presence of 
neoepiblemids confirms the survival of this lineage at the 
least until the Pliocene. In this sense, San Gregorio For-
mation neoepiblemids represent the LAD of this rodent 
clade.

Octodontoidea Waterhouse, 1839
Octodontoidea?
†Marisela Vucetich et al., 2010
†Marisela gregoriana Vucetich et al., 2010
(Fig. 27G1–G3).

Locality: NCC (conglomerate, Fig. 3B).
Material: an isolated left M1 or M2 (probably a M2) 

(AMU-CURS-1221).
General description, comparisons and remarks: The 

specimen AMU-CURS-1221 is a left M1 or M2 (prob-
ably a M2) with 4.4 mm in length, tetralophodont, with 
a sub-rectangular outline, and unilateral hypsodonty. 
There are four main lophs separated by three labial flexi 
(Fig.  27G1). The anteroloph is slightly labiomesially ori-
ented in comparison to the other three lophs, which are 
transversely oriented. The labial tip of this loph is broken 

Fig. 28 Artiodactyla (Camelidae) and Carnivora (Procyonidae) from the Cocuiza Member. A1–A5 Proximal portion of a right femur 
(AMU‑CURS‑1329) of Camelidae indet. B1–B4 Partial left hemimandible (AMU‑CURS‑1327) of Chapalmalania sp. Views: anterior (A1), lateral (A3, 
B1), proximal (A5), medial (A6, B2), occlusal (B3, B4), posterior (A2). fh femoral head, fv fovea, gt greater trochanter, itc intertrochanteric crest, tf 
trochanteric fossa
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Fig. 29 Indeterminate mammalian remains and coprolites from the Norte Casa Chiguaje (A1–A4, C1–G2) and San Gregorio Oeste del Pueblo 
(B1–B3, H1, H2) localities. A1–A4 3rd right metatarsal (AMU‑CURS‑1096). B1–B3 Incomplete ?caudal vertebra (AMU‑CURS‑1293). C1, C2 Distal 
portion of a tibia (AMU‑CURS‑1198). D1, D2 ?right fibula (AMU‑CURS‑1197). E1–E3 podial phalange (AMU‑CURS‑1124). F1–G2 Ungual phalanges 
(AMU‑CURS‑1127). H1, H2 Presumed crocodylian coprolite (AMU‑CURS‑1318). Views: anterior (A3, B1, C1, D1), cross sectional (H2), dorsal (B2, E1, 
F1, G1), distal (C2), lateral (A1, E2, G2, H1), medial (A4, F2), right lateral (D2), proximal (A2, E3), and ventral (B3)
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off. The posteroloph is transversely shorter than the pro-
toloph and metaloph. The paraflexus and posteroflexus 
are slightly more penetrating than the mesoflexus. The 
posteroflexus is in closure process. Lingually, the hypo-
flexus is oblique, labiomesially oriented, and its tip is 
opposite to the second loph (protoloph).

The morphology of AMU-CURS-1221 is quite similar 
to the holotype of Marisela gregoriana (UNEFM-VF-55), 
but more worn, evidencing an ontogenetic older speci-
men than UNEFM-VF-55, which according to Vucetich 
et al. (2010) probably represent a young individual. This 
rodent of enigmatic affinities is endemic to the San Gre-
gorio Formation. It represents a lineage that evolved in 
the northern portion of the continent, since there are 
no related fossils in southern South American deposits 
(Vucetich et al. 2010).

?Caviomorpha indet.
(Fig. 27H–J2).

Locality: NCC (conglomerate, Fig. 3B).
Material: Three isolated incisor teeth (AMU-

CURS-1126, -1155 and -1206) and a small tooth frag-
ment (AMU-CURS-1235).

General description, comparisons and remarks: The 
incisors (Fig. 27H, I) are between 14 and 22 mm in length, 
elongated, and curved, with the characteristic enamel 
layer of rodents covering the distal side of the tooth. Only 
AMU-CURS-1126 and AMU-CURS-1206 preserve the 
occlusal chisel-like edge. AMU-CURS-1235 is a small 
tooth fragment (Fig. 27J1, J2), preserving a portion of the 
occlusal section where one fossetid can be observed. Due 
to the absence of diagnostic features in incisors rodent 
teeth and the fragmentary tooth, these specimens cannot 
be assigned to any of the referred caviomorphs referred 
from the Vergel Member.

Artiodactyla Owen, 1848
Camelidae Gray, 1821a
Camelidae indet.
(Fig. 28A1–A6).

Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: A fragmented right femur 

(AMU-CURS-1329).
General description, comparisons and remarks: 

AMU-CURS-1329 corresponds to the proximal por-
tion of a right femur. The proximal width (distance from 
the greater trochanter to the femoral head) measures 
64.1  mm. The femoral head is large, with a diameter of 
27.6  mm. The fovea of the head is triangular and elon-
gated. The fovea is deep as in the guanaco (Lama guani-
coe) and Lama gracilis (Cartajena et al. 2010) and not a 

small notch as in Hemiauchenia (Meachen 2005). The 
greater trochanter extends proximally to the same level 
that the head. The trochanteric fossa is wide, deep, and 
limited laterally by the intertrochanteric crest. Came-
lids are recorded in South America since the Pliocene 
(Gasparini et al. 2017; Carrillo et al. 2018). Although the 
incomplete preservation of AMU-CURS-1329 does not 
allow a more precise identification, it provides additional 
evidence of the early presence of camelids in northern 
South America during the Pliocene (~ 3.2 Ma) and Early 
Pleistocene (Carrillo et al. 2018).

Carnivora Bowdich, 1821
Procyonidae Gray, 1825b
†Chapalmalania Ameghino, 1908
†Chapalmalania sp.
(Fig. 28B1–B4).

Locality: SGOP (conglomerate Ly1, Fig. 3C).
Material: A partial left hemimandible 

(AMU-CURS-1327).
General description, comparisons and remarks: 

AMU-CURS-1327 is a partial left hemimandible of ca. 
125.6 mm in length that preserves a fragment of the cor-
onoid process and part of the corpus with the first and 
second lower molars (m1 and m2). The molars are buno-
dont (Fig. 28B3, B4). The m1 (17.8 mm in length) has the 
trigonid cuspids organized in a right-angled triangle, with 
a less-developed paraconid than the metaconid and pro-
toconid. The paraconid is a single cusp, as in Chapalma-
lania cf. †Ch. ortognatha (MLP 91-IV-5-1), †Cyonasua 
longirostris (MACN 8290), and †Cyonasua lutaria (MLP 
34-VI-20–6), and in the living genera Bassaricyon, Bas-
sariscus, Potos, and Nasuella, whereas in Nasua, Procyon, 
and some Cyonasua (e.g., AMU-CURS-224 and AM: 
45985) this structure is bifid. It is not possible to observe 
the presence of the entoconulid and entoconid because 
of the deterioration of the material. The hypoconulid is 
present as a posterior cingulum. The m2 (13.16  mm in 
length) lacks of paraconid, although the anterior region 
of the molar extends as a broad cingulum. The metaco-
nid and protoconid have the same height. The entoco-
nid is present and developed, as in Cy. longirostris, †Cy. 
brevirostris, †Cy. pascuali, which makes it different from 
Ch. ortognatha. The hypoconid and the hypoconulid are 
absent, but instead, there is a ridge, which runs along the 
postero-lingual region; the posterior projection observed 
in Cyonasua and some living procyonids is not marked. 
The ventral edge of the corpus is curved as in Chapal-
malania cf. †Ch. altaefrontis (FMNH 14401), whereas in 
Cyonasua is less curved to straight (e.g., Cy. brevirostris).

AMU-CURS-1327 is allocated within the genus 
Chapalmalania, although its morphology does not 
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resemble the previously species described from South 
America. In any case, this specimen forms part of a 
group of procyonids distinctively larger than other liv-
ing and extinct members (Additional file 6). Prevosti and 
Forasiepi (2018) indicated that Chapalmalania species 
were the heavier procyonids in South America, with an 
estimated body mass between 125 and 181  kg. AMU-
CURS-1327 represents the first record of this genus from 
Venezuela, and the second in northern South America 
(Forasiepi et al. 2014).

Mammalia indet.  
(Fig. 29A1–G2)

Locality: NCC (conglomerate, Fig. 3B) and SGOP (con-
glomerate Ly1, Fig. 3B).

Material: a partial right metatarsal (AMU-CURS-1096), 
a ?caudal vertebra (AMU-CURS-1293), a fragmented 
tibia (AMU-CURS-1198), a ?right fibula (AMU-
CURS-1197), a podial phalange (AMU-CURS-1124), and 
two ungual phalanges (AMU-CURS-1127).

General description, comparisons and remarks: AMU-
CURS-1096 is a partial 3rd right metatarsal of 45 mm in 
length (Fig.  29A1–A4). Part of the body and the distal 
end are missing. The body and proximal end are straight 
and smooth (Fig.  29A1, A3, A4), resembling the over-
all shape of this element in Canoidea (i.e., Procyonidae 
and Canidae), although its proximal processes are less 
defined. The proximal surface has a distinctive chevron 
shape (Fig. 29A2), with its dorsal and ventral medial lobes 
similar in size and shape. Unfortunately, it is not possible 

to offer a more detailed taxonomic assignation due to the 
fragmentary state of the fossil.

AMU-CURS-1293 is an incomplete amphiplatyan 
?caudal vertebra of 35  mm in length (Fig.  29B1–B3), 
from the SGOP locality. AMU-CURS-1198 is a distal 
portion of a tibia (Fig.  29C1, C2), AMU-CURS-11973 
?right fibula of 50 mm in length (Fig. 29D1, D2), AMU-
CURS-1124 a podial phalange (Fig. 29E1–E3), and AMU-
CURS-1127 two ungual phalanges (Fig. 29F1–G2), from 
the NCC locality. Due to their preservation and/or lack of 
diagnostic characters, these isolated postcranial elements 
could not be allocated a lower taxonomic level.

Generic richness and sampling completeness
A total of 119 mammal specimens and 509 fish spec-
imens were used to compute the rarefaction and 
extrapolation plots. The extrapolation of generic rich-
ness was estimated for double the reference sample 
size (238 specimens for mammals and 1018 specimens 
for fishes). For mammals, 16 genera are observed, 11 
identified and five unidentified (Table  1). We esti-
mated that 17 genera (95% confidence interval = [13, 
21]) would be recorded with a sampling size of 238 
specimens (Fig. 32). For fishes, 15 genera are observed, 
11 identified and four unidentified (Table 1). We esti-
mated that 18 genera (95% confidence interval = [13, 
24]) would be recorded with 1018 specimens (Fig. 32). 
Overall, the rarefaction and extrapolation plots indi-
cate that the taxonomic sampling at the genus level 
for both mammals and fishes is representative of the 
fauna.

Fig. 30 New chronostratigraphy for the San Gregorio Formation. The age (Ma, million years ago) is derived from multiple palynological, 
nannoplankton, and foraminifera and 87Sr/86Sr analyses (see Additional files 3, 4, 5)
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Paleobotanical remains
From the NCC locality, 140 fossil seeds and fruits were 
collected from the screen-washed sediments, and were 
grouped into eight morphotypes based on their dis-
tinct morphology (Fig.  33). These fossil remains were 
preserved as limestone casts of the seed/fruit interior, 
and in many cases, they carry imprints of the internal 
cellular pattern of the seed coat. Despite the lack of 
internal anatomical preservation, distinct features and 
the overall morphology of six of these are sufficient to 
provide familial affiliations. Among these fossil seeds 
and fruits, we recognize Poaceae, identified from a 
caryopsis cast showing a dorsally placed embryo and a 
flat ventral face and needle-shaped hilum (Morphotype 
1, Fig.  33A1, A2) that resembles various taxa of Chlo-
roideae (Liu et al. 2005). Morphotype 2 (Fig. 33B1–C2) 
includes distinctly compressed, pyriform seeds with 
impressions of polygonal, elongated cells of the internal 
seed coat that are identified as Cucurbitaceae (Henei-
dak and Khalik 2015; Schaefer and Renner 2010). The 
rounded, subglobose seeds grouped into Morpho-
type 4 (Fig.  33F1–H) are identified as Amaranthaceae 
based on a distinct hilar notch and peripheral embryo 
that surrounds a well-differentiated perisperm, as 
seen on species of Chenopodioideae (Kühn et al. 1993; 
Townsend 1993). Asteraceae is also recognized within 
this assemblage based on an ovoidal, slightly curved 
and striated cypsela (Morphotype 6, Fig.  33L) with a 
distinct apical “neck” showing the pappus insertion site 
(Anderberg et al. 2007; Ghimire et al. 2018). Two seed 
cast types with limited morphological preservation 
have tentative affinities to Cleomaceae and Vitaceae. 
Morphotype 5 (Fig. 33I–K) is interpreted as the cast of 
a strongly curved, reniform, or horseshoe-shaped seed 
with an incurved embryo and is identified as aff. Cleo-
maceae, whose seeds have strongly incurved embryos 
and a deep invagination of the testa (Iltis et  al. 2011). 
Morphotype 7 (Fig. 33M1–O) is identified as aff. Vita-
ceae based on a distinctly elongated scar that resembles 
the chalazal knot seen in seeds of this family (Chen 
and Manchester 2011). Morphotype 3 (Fig.  33D1–E2) 
and morphotype 8 (Fig.  33P1, P2) so far could not be 
identified.

Discussion
Neogene continental vertebrate faunas of the Urumaco 
region come from a successive geological sequence that 
includes the Socorro, Urumaco, Codore, and San Gre-
gorio formations. Their lithological, taphonomic, and 
paleoenvironmental features are different from each 
other (see Quiroz and Jaramillo 2010). The new continen-
tal vertebrate fauna described here from the Vergel and 
Cocuiza members of the San Gregorio Formation provide 

novel data about the late Neogene diversity in northern-
most South America, and the geographical and temporal 
range of several lineages during the transitional stage that 
preceded the major climatic shift of the Quaternary.

Age of the San Gregorio Formation
Dating of the San Gregorio Formation has been a long-
standing challenge. Several studies estimated its age by 
stratigraphic position or correlation with other forma-
tions (González de Juana et  al. 1980; Audemard 2001). 
Only two previous studies have provided biostrati-
graphic data: an unpublished MS thesis (Rey 1990) that 
reported several molluscan taxa of little biostratigraphic 
value (e.g., Crassostrea, Argopecten, Amusium, Placu-
anomia, Pecten, Anomia, Ostrea, Anadara, Dosinia, 
Chione, Solecurtus, Macoma, Trachycardium, Florimetis, 
Conus, Epitonium and Turritella), and a palynological 
study reporting †Stephanocolpites evansi in the Cocuiza 
Member (Hambalek et  al. 1994), which indicates that 
this member cannot be older than late Miocene (Lorente 
1986). Additionally, a late Pliocene age has been assigned 
for the Vergel Member based on its mammalian asso-
ciations (see Vucetich et  al. 2010). A Pleistocene age is 
suggested for the San Gregorio Formation, based on a 
compilation derived from multiple foraminifera, nan-
noplankton, and magnetostratigraphic studies (Carrillo 
et al. 2018, Fig. 28).

Vergel Member: The last appearance datum (LAD) of 
†Bombacacidites nacimientoensis (senior synonym of B. 
bellus of Lorente 1986), †Retitrescolpites? irregularis, and 
†Rhoipites guianensis at the top of the Vergel Member 
indicates the top of zone VIII-c (interval zone of Echitri-
colporites–Alnipollenites), as ~ 1.8 Ma (Lorente 1986). It 
is important to note that Lorente’s definition of the Plio-
cene–Pleistocene boundary followed the pre-2012 defini-
tion that had the boundary at the base of the Calabrian 
(1.81 Ma), while currently it is placed at the base of the 
Gelasian (2.59 Ma) (Hilgen et al. 2012). The presence of 
the pampatheriid Plaina in the NCC locality, approxi-
mately 180 m below the Vergel/Cocuiza contact (Fig. 3A), 
suggests an age no younger than Pliocene (Fig.  30) as 
Plaina has a biochron that spans from the late Miocene 
to Pliocene (Gois 2013). Therefore, in the NCH section 
at least the upper ~ 50  m of the Vergel formation (that 
is 230  m thick in the NCH section; Fig.  3A, Additional 
file 1) would correspond to the Early Pleistocene, within 
the upper zone VIII-c (Fig.  30), while the Pliocene–
Pleistocene boundary could be somewhere between 
stratigraphic meters 130 and 180 of the Vergel Member 
(Fig. 30).
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Cocuiza Member: The 86Sr/88Sr dating of two 
samples rendered ages of 1.38  Ma (1.33 to 1.44, 
87Sr/86Sr = 0.709112) and 1.59  Ma (1.54 to 1.65  Ma, 
87Sr/86Sr = 0.709100) (Additional file  5), indicating a 
Calabrian age for the Cocuiza Member (Fig.  30). This 
age is also supported by the record of nannoplankton. 
The stratigraphic range of †Pseudoemiliania lacunosa is 
restricted to biozones NN15-NN19 of Martini (1971), 
which are dated as Pliocene–Pleistocene (Hilgen et  al. 
2012). The extinction of this species was astronomically 
calibrated in the eastern equatorial Atlantic, yielding an 
age of 0.4  Ma (Shackleton and Crowhurst 1997; Back-
man et al. 2012). The occurrence of †Helicosphaera sellii 
and Gephyrocapsa spp. (Additional file  4) also supports 
a Pleistocene age. The foraminifera, in contrast, indicate 
an older age, as Ammonia beccarii, Elphidium poeya-
num, and Melonis barleeanum are common in the upper 
Miocene–Pliocene Ammonia becarii zone in northern 
South America (Duque 1975; Duque Caro et  al. 1996). 
Globoturborotalita cf. woodii and Globoturborotalita 
cf. rubescens are found in biozones N19–N21 [Zanclean 
and Gelasian after Kennett & Srinivasan (Kennett and 
Stott 1991)]. However, the foraminifera assemblage is 
poorly preserved and it has a large number of reworked 
taxa. Therefore, our confidence in the age derived on 
foraminifera is much lower compared to both the Stron-
tium and nannoplankton dating.

The SGOP locality section “S2” of the Cocuiza Member 
(Figs. 1A and 3C) is characterized by the presence of con-
glomeratic layers (Fig. 2G, H) that could correspond with 
those terrigenous sediments reported for the unit by Rey 
(1990) and Hambalek et al. (1994). It was not possible to 
correlate the SGOP locality to either the NCH (Figs. 1A 
and 3A; Additional file  1) or SGRS (Fig.  1A; Additional 
file  2) sections. Although a more detailed stratigraphic 
section would be necessary in the future in order to cor-
relate SGOP locality with NCH or SGRS sections, our 
field observations tentatively suggest that the SGOP 
locality may belong to the middle section of the Cocuiza 
Member, which was deposited during the Early Pleisto-
cene (Fig. 30).

Paleodiversity and biostratigraphic affinities
Terrestrial and freshwater vertebrates from the San Gre-
gorio Formation had been reported exclusively from the 
Vergel Member (Table 1). Previous reports include inde-
terminate catfishes (Aguilera et  al. 2013), crocodylians 
(Scheyer et  al. 2013), terrestrial sloths, glyptodontids, 
pampatheriids, dasypodid armadillos (Carlini et al. 2008c, 
2018; Carlini and Zurita 2010; Vucetich et al. 2010; Zurita 
et  al. 2011; Castro et  al. 2014), notoungulates (Carrillo 
et al. 2018), a procyonid (Forasiepi et al. 2014), and cavi-
omorph rodents (Vucetich et al. 2010). The exception is 

†Crocodylus falconensis (Scheyer et al. 2013), whose fos-
siliferous locality is located a few meters above the NCC 
locality in the NCH stratigraphic section (Fig. 3A). Due 
to the geographical proximity between C. falconensis and 
NCC localities, Scheyer et al. (2013) recognized the for-
mer locality as within the NCC locality area.

Forty-nine aquatic and terrestrial taxa are here 
reported for the NCC locality (Table  1), where fishes 
and mammals are the most diverse and abundant groups 
(Fig.  31). To our knowledge, no other continental late 
Pliocene deposit in northern South America has shown 
such a diverse continental aquatic/terrestrial taxonomic 
richness. Late Pliocene units with aquatic and terrestrial 
faunas comparable to those of the NCC locality include 
the Ware Formation in the Cocinetas Basin (Guajira Pen-
insula, Colombia) in northern South America. Although 
less diverse, the Ware Formation is characterized by at 
least eight species of fishes, three reptile taxa, one bird, 
and 13 mammalian taxa (Aguilera et  al. 2013; Moreno 
et  al. 2015; Moreno-Bernal et  al. 2016; Carrillo et  al. 
2018). Hendy et  al. (2015) reported a late Pliocene age 
(mean age of 3.2 Ma) for the Ware Formation, based on 
87Sr/86Sr ratios of the shell bed at the top of the unit. The 
mammalian assemblage of the Ware Formation is char-
acterized by a diversity of herbivores, including sloths 
(Amson et  al. 2016), cingulates, caviomorph rodents 
(Pérez et  al. 2017), toxodontids, and a proterotheriid. 
It also includes a procyonid (Forasiepi et  al. 2014) and 
a camelid, which are immigrants from North America 
(Carrillo et al. 2018). The mammalian assemblage of the 
Ware Formation has a higher richness of terrestrial sloths 
(with at least five different taxa; see Amson et  al. 2016) 
than the assemblage from NCC (Table 1). In contrast, the 
NCC locality is more taxon-rich than the Ware assem-
blage in other mammalian groups, such as cingulates, 
meridiungulates, and rodents. However, this difference in 
diversity between both units could be related to tapho-
nomic or sampling biases.

The Ware and San Gregorio formations outcrops are 
geographically close, less than 140  km in a northern-
most portion of South America and probably were part 
of the same biogeographic province during the Plio-
cene–Pleistocene. The presence of ?Hydrochoeropsis 
wayuu in both Ware Formation (Pérez et  al. 2017) and 
Vergel Member supports the biostratigraphic correla-
tion between these two geological units, as suggested by 
Moreno et al. (2015). The mammalian assemblages in the 
Ware Formation and at the Vergel Member are charac-
terized by a predominance of South American native taxa 
(Carrillo et  al. 2018) (Table  1). Immigrants from North 
America are scarce in both units in spite of their age 
and proximity to the Isthmus of Panama (Carrillo et  al. 
2018). Until now, the North American immigrants in the 
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Ware assemblage include the procyonid Chapalmalania 
(Forasiepi et  al. 2014), and one of the oldest well-dated 
camelids in South America (Carrillo et al. 2018). The San 
Gregorio Formation also includes Chapalmalania and an 
indeterminate camelid from the SGOP locality, and Cyo-
nasua (Forasiepi et al. 2014) and some Cricetidae rodents 
with boreal affinities (Ulyses Pardiñas, personal commu-
nication, March 2020, which are currently under study 
and reported in Table  1) from NCC locality. The South 
American cricetids possibly differentiated from other lin-
eages by the middle/late Miocene (see Parada et al. 2013; 
Leite et al. 2014). Nevertheless, the Neogene fossil record 
was restricted to fossiliferous localities in Argentina, 
with a putative record in late Miocene strata (Nasif et al. 
2009), and confident records from Pliocene deposits (see 
Reig 1978; Pardiñas and Tonni 2014; Pardiñas et al. 2002; 
Verzi and Montalvo 2008; Prevosti and Pardiñas 2009).

Carrillo et  al. (2018) placed the Ware Formation and 
its fauna within the first migration pulse of the Great 
American Biotic Interchange (GABI, Woodburne 2010), 
and the San Gregorio Formation (without any differen-
tiation of members) might have overlapped with the sec-
ond and third migratory pulse, named GABI 2 and GABI 
3 (Carrillo et al. 2018, fig. 1). With the late Pliocene age 
proposed here for most of the Vergel Member (Figs. 3A, 
30), the NCC assemblage would have to be reinterpreted 
within GABI 1 (see Carrillo et al. 2018, fig. 1).

Sampling in the geographic location of the Guajira 
Peninsula and Falcón region is critical to improving the 
understanding of the first GABI phases and the timing of 
the appearance of immigrants from North America into 

South America. For example, NCC locality is the only 
northern Neogene unit in which fossils of caviomorphs 
and cricetids (under study) are found in the same levels. 
Since about 41 million years, caviomorphs were the only 
clade of rodents in South America (Antoine et al 2012), 
generating a wide diversification of disparate lineages 
in morphology, body size, and ecology. After the latest 
Miocene/early Pliocene several groups of caviomorphs 
disappeared (e.g., large dinomyids and neoepiblemids) 
(Vucetich et al. 2010, 2015; Kerber et al. 2020), while cri-
cetids arrived from North America. The co-occurrence 
of caviomorphs, including the last neoepiblemids, and 
cricetids in the NCC fauna, offer an opportunity to bet-
ter understand the dispersal of cricetids in the tropics of 
South America as well as the extinction of some cavio-
morph lineages.

The current and precise temporal allocation of NCC 
and SGOP localities of the San Gregorio Formation agree 
with the hypothesis proposed by Carlini et  al. (2006a, 
b, 2008b), and Carlini and Zurita (2010), about possible 
migration times to Central America. In addition, the San 
Gregorio Xenarthra show anatomical features that are 
plesiomorphic if compared to those of the late Pliocene–
Early Pleistocene taxa recorded in North America and 
Mexico.

Another fossil-rich (tar pit) locality called El Breal de 
Orocual “ORS16,” in Monagas State, northeast of Ven-
ezuela, yields an assemblage of terrestrial taxa that 
exceeds 30 spp. (mostly mammals) (Rincón et  al. 2009; 
Solórzano et  al. 2015). The Orocual fauna is tentatively 
assigned to the late Pliocene–Pleistocene, based on the 

Fig. 31 Freshwater and terrestrial vertebrate diversity of the San Gregorio Formation by localities. Information based on Table 1
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Table 1 Vertebrate paleodiversity of the San Gregorio Formation

Taxonomy N° Ts N° Tt N° TPr

NCC SGOP NCC SGOP NCC Refs.

Chondrichthyes Myliobatiformes Potamotrygonidae Potamotrygon sp. 88 1

Indet. Indet. Indet. 1

Actinopterygii Characiformes Anostomidae cf. Megaleporinus sp. 2 1

Schizodon cf. S. corti 70 1

Erythrinidae Hoplias sp. 248 1

Serrasalmidae Mylossoma sp. 5 1

Indet. (“pacu clade”) Indet. 42

Cichliformes Cichlidae Indet. Indet. 10 1

Siluriformes Ariidae cf. Sciades sp. 1 1

Callichthyidae Indet. sp. 6 1

Doradidae cf. Amblydoras sp. 1 1

cf. Scorpiodoras sp. 1 1

Indet. Indet. 80 1 3 1

Heptapteridae cf. Pimelodella sp. 1 1

Loricariidae Hypostominae Indet. 12 1

Indet. Indet. 9

Pimelodidae cf. Platysilurus sp. 3 1

Indet. sp. 2 1

Indet. Indet. Indet. 99

Synbranchiformes Synbranchidae Synbranchus sp. 19 1

Indet. Indet. Indet. Indet. 195

Amphibia Anura Pipidae cf. Pipa sp. 1 1

Indet. Indet. Indet. 20

Reptilia Testudines Testudinidae Chelonoidis sp. 1 1

Chelidae Chelus sp. 1 1

Podocnemididae Indet. Indet. 48 3 1 1

Indet. Indet. Indet. 85

Squamata Teiidae Tupinambis s.l sp. 1 1

(non‑snake) Squamata Indet. Indet. Indet. 5 2

Serpentes Aniliidae Anilius A. scytale 1 1

Boidae Corallus sp. 1 1

Eunectes sp. 1 1

Indet. Indet. 2 1

?Boidae or ?Aniliidae Indet. Indet. 1 1

Colubroidea Indet. Indet. 1 1

Indet. Indet. Indet. 3

Crocodylia Alligatoridae (Caimaninae) Caiman aff. C. yacare 1 1

Indet. Indet. 11 1 1

Crocodylidae Crocodylus †falconensis 1 1 2

Indet. Indet. Indet. 571 12 1

Mammalia Didelphimorphia Didelphidae cf. Didelphis sp. 1 1

Xenarthra (Pilosa) †Megatheriidae cf. †Proeremotherium sp. 1 1 1 1 1 3

†Mylodontidae Indet. Indet. 1 1

Xenarthra (Cingulata) Dasypodidae †Pliodasypus vergelianus 1 3 4

†Glyptodontidae aff. †Boreostemma sp. 2 1 14 5, 6

†Pampatheriidae aff. †Holmesina floridanus 2 2 1 1 ? 7

aff. †Plaina sp. 1 1

Indet. Indet. Indet. 1
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Table 1 (continued)

Taxonomy N° Ts N° Tt N° TPr

NCC SGOP NCC SGOP NCC Refs.

†Litopterna †Proterotheriidae Indet. Indet. 2 1

†Notoungulata †Toxodontidae †Falcontoxodon sp. 33 1 38 8

Indet. Indet. 3 1

†Interatheriidae (Typotheria) Indet. Indet. 1 1

†Typotheria inc. Sed Indet. Indet. 1 1

Rodentia Cricetidaea Indet. Indet. 8a 1

Hydrochoeridae †Cardiatherium sp. 1 1 7

cf. †Caviodon sp. 1 1 7

†?Hydrochoeropsis wayuu 2 1

Indet. Indet. 3

†Neoepiblemidae †Neoepiblema sp. 1 1 7

Indet. Indet. 1 1

Octodontoidea? †Marisela gregoriana 1 1 2 7

Caviomorpha Indet. Indet. 4

Artiodactyla Camelidae Indet. Indet. 1 1

Carnivora Procyonidae †Cyonasua sp. 1 1 9

†Chapalmalania sp. 1 1

Indet. Indet. Indet. Indet. 7

Localities: Norte Casa Chiguaje (NCC) and San Gregorio Oeste del Pueblo (SGOP). Total number of specimens for locality (N° Ts). Total estimated taxa per locality (N° 
Tt). Total number of specimens referred in previous publications (N° TPr) and their references (Refs.): (1) Aguilera et al. (2013); (2) Scheyer et al. (2013); (3) Carlini et al. 
(2018); (4) Castro et al. (2014); (5) Zurita et al. (2011); (6) Carlini et al. (2008c); (7) Vucetich et al. (2010); (8) Carrillo et al. (2018); (9) Forasiepi et al. (2014)
a Personal communication (Dr. U. Pardiñas)

Fig. 32 Sample size‑based sampling curves for mammals and fishes recorded in Norte Casa Chiguaje. The plots show the rarefaction (solid lines), 
and extrapolation (dotted lines) sampling and the 95% confidence intervals (shaded areas) for the generic richness of mammals and fishes
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biochron of †Smilodon gracilis, †Pachyarmatherium 
leiseyi, and the rodents †Phugatherium sp., (Vucetich 
et al. 2012 considers †Chapalmatherium as synonymous 
of Phugatherium), †Neocavia sp., and a tetrastylines 
(Rincón et  al. 2009; Solórzano et  al. 2015; Czaplewski 
and Rincón 2020). Additional dating is necessary to con-
firm the age of the Orocual assemblage because the bio-
chronology of several mammalian taxa in the tropics is 
poorly known and it may differ from that of temperate 
regions. For example, Chapalmalania is recorded is Bue-
nos Aires (late Pliocene) and Catamarca (?early Pliocene) 
in Argentina, and the Guajira in Colombia (late Pliocene) 
(Ameghino 1908; Reguero and Candela 2011; Forasiepi 
et al. 2014; Prevosti and Forasiepi 2018). Our field obser-
vations suggest that the SGOP locality may belong to the 
middle section of the Cocuiza Member (and therefore 
have a Calabrian age, Fig. 30). Therefore, the Chapalma-
lania record in the SGOP would represent the young-
est known for the taxon, expanding the biochron of this 
genus into the Pleistocene (Calabrian).

A wide range of fossil fishes, reptiles, and mammals 
from the Urumaco sequence (Lundberg et  al. 2010; 
Sánchez-Villagra et al. 2010; Aguilera et al. 2013; Scheyer 
et al. 2013; Aguirre-Fernández et al. 2017a, b) have been 
used as unequivocal evidence to support a system with 
hydrographic connections between western Amazonia 
and the Proto-Caribbean Sea during the Miocene (e.g., 
Díaz de Gamero 1996; Hoorn et  al. 2010). However, by 
the late Miocene to early Pliocene, extreme environ-
mental changes and a faunal turnover took place in the 
region (Sánchez-Villagra et al. 2010; Scheyer et al. 2013). 
This process has been linked to a major hydrographic 
restructuring as a consequence of the northern Andes 
uplift (Mora et  al. 2010; Albert et  al. 2018), and may 
have led to the complete isolation of northern periph-
eral drainages from those of western Amazonia trigger-
ing a direct impact (e.g., extinction/extirpation) in fishes, 
crocodylians, turtles, and some putatively semiaquatic 
mammals (e.g., rodents) (Lundberg et  al. 1998, 2010; 
Sánchez-Villagra et al. 2010; Scheyer et al. 2013; Cadena 
et al. 2020). These major changes in the dynamics of the 
sedimentary and environmental conditions of the Fal-
cón region are documented during the deposition of the 
Codore Formation (Quiroz and Jaramillo 2010).

Vucetich et  al. (2010) proposed the Vergel Member 
as a “reservoir” for rodent taxa that had gone extinct in 
southern South America. According to Vucetich et  al. 
(2010), this survival of taxa would be related to the per-
sistence of fluvial environments under warm conditions. 
Although Vucetich et  al. (2010) reported the presence 
of Neoepiblema sp. for the NCC locality, that specimen 
(UNEFM-VF-54) was in too poor condition for a reliable 
identification. The new evidence presented here confirms 

the survival of this lineage at least until the late Pliocene. 
However, a “reservoir” hypothesis during the late Plio-
cene in the Falcón region must be viewed with caution, 
as there are no other Pliocene–Early Pleistocene fossilif-
erous localities in the region that can validate or discard 
this attribution. Additionally, the occurrence of small 
notoungulates (Interatheriidae and Typotheria inc. sed) 
in the Pliocene of the Vergel Member (Table  1) repre-
sents the first record in the region and suggests the exist-
ence of ghost lineages inhabiting tropical areas since the 
Paleogene.

Thorny catfishes, such as cf. Amblydoras and cf. Scor-
piodoras, have living representative species inhabiting 
exclusively the cis-Andean (Eastern-slope) rivers from 
the Orinoco and Amazon basins (Sousa and Birindelli 
2011; van der Sleen and Albert 2018). Other freshwater 
taxa from the NCC locality, such as Potamotrygon sp., cf. 
Megaleporinus sp., Schizodon cf. S. corti, Mylossoma sp., 
and cf. Platysilurus sp., were extirpated from the Falcón 
region. Living representatives of the above-mentioned 
fishes still inhabit both the cis-Andean (van der Sleen and 
Albert 2018) and trans-Andean basins, being restricted 
in the later exclusively to the Magdalena and Lake Marac-
aibo basins (Pérez and Taphorn 1993; Rodríguez-Olarte 
et al. 2009). The presence of the above-mentioned sting-
ray, thorny catfishes, and characiform taxa in NCC local-
ity suggests fluvial conditions during the Pliocene time 
that contrast with those prevailing today in the Falcón 
region. Aguilera et al. (2013), based on paleoichthyologi-
cal evidence from the Urumaco and Guajira Peninsula 
regions, suggested a possible last connection between 
the Orinoco/Amazon basins and those of the Caribbean 
region for the Pliocene. However, new geological models 
support a complete hydrographic isolation between west-
ern Amazonia and the Caribbean basins during the Plio-
cene (Albert et al. 2018).

Extant matamata turtles are represented by two species 
inhabiting exclusively the Orinoco and Amazon basins 
(Vargas-Ramírez et  al. 2020), whereas that the taxo-
nomic status of some records from the Lake Maracaibo 
basin is unresolved (Trebbau and Pritchard 2016). The 
fossil record of matamatas is well known from the late 
Miocene of Urumaco and the Cocinetas basin in Colom-
bia (Sánchez-Villagra et  al. 2010; Cadena and Jaramillo 
2015). The presence of this taxon can now be extended 
into the Pliocene of Falcón.

Only a limited number of isolated snake vertebrae 
have been recovered from the San Gregorio Formation. 
Nevertheless, these vertebrae provide a glimpse into the 
ophidian fauna and its evolution in the area. The NCC 
snake assemblage comprises at least four different spe-
cies, while the younger Cocuiza Member has yielded 
only a single vertebra. Among the NCC remains, the 
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presence of Anilius scytale is notable, considering that 
this cryptic taxon occurs in the extant herpetofauna of 
northern South America, including parts of Venezuela, 
but is currently absent from Falcón State and other Car-
ibbean basins (Mijares-Urrutia and Arends 2000). This 
single NCC record represents, to our knowledge, the 
sole known fossil occurrence of Anilius scytale and can 
thus offer a fossil calibration point for this species into 
the late Pliocene. Furthermore, the fact that this Plio-
cene record lies outside the current geographic range 
of the species implies a post-Pliocene local extirpation. 
Boidae in NCC are represented by at least two forms, 

one of which is attributed to the extant genus Corallus, 
which is widespread in the Neotropics (Wallach et  al. 
2014; Reynolds and Henderson 2018), including the Fal-
cón State (Mijares-Urrutia and Arends 2000). Corallus 
represents a relatively ancient lineage, already recorded 
since the early Cenozoic, as attested by the extinct spe-
cies †Corallus priscus Rage, 2001, from the early Eocene 
of Itaborai, Brazil (Rage 2001; see Smith and Georgalis in 
press). The NCC vertebra (AMU-CURS-1158) that bears 
some resemblance with Colombophis is so far inadequate 
for determining whether this Neogene Neotropic genus 
was indeed present in the area or if the vertebra belongs 

Fig. 33 Internal seed casts from the Norte Casa Chiguaje locality (Vergel Member). A1, A2 Morphotype 1 (AMU‑PB‑02), Poaceae aff. Chloroideae. 
B1–C2 Morphotype 2 (AMU‑PB‑03), Cucurbitaceae. D1–E2 Morphotype 3 (AMU‑PB‑04), of indeterminate affinities. F1–H Morphotype 4 
(AMU‑PB‑05), Amaranthaceae. I–K Morphotype 5 (AMU‑PB‑06), aff. Cleomaceae. L Morphotype 6 (AMU‑PB‑07), Asteraceae. M1–O Morphotype 7 
(AMU‑PB‑09), aff. Vitaceae. P1–P2 Morphotype 8 (AMU‑PB‑10) of indeterminate affinities
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to some other anilioid or boid form. As for Colubroides, 
this is the dominant and most speciose lineage of snakes 
in extant herpetofaunas, not only in the Neotropics but 
also all over the globe (Zaher et  al. 2009). As such, the 
single, fragmentary vertebra from NCC that we assigned 
to Colubroides cannot offer any more precise assignment 
to any of the numerous taxa of that lineage that currently 
inhabit that area. On the other hand, the single vertebra 
from the Early Pleistocene of the Cocuiza Member evi-
dences the presence of the giant snake anaconda, i.e., 
Eunectes. This genus is currently absent from the area, 
and therefore, its herein documentation in the early Qua-
ternary implies a relatively recent extirpation from the 
region. Based on this limited fossil anaconda material, it 
is not possible to determine whether this new Venezue-
lan taxon is phylogenetically closer to the older taxon 
Eunectes stirtoni from the Miocene of Colombia (Hoff-
stetter and Rage 1977) or to the extant Eunectes spp. that 
currently inhabit the Orinoco and Amazon basins.

Given the fragmentary nature of most crocodylian 
remains from the San Gregorio Formation, there is lit-
tle information so far about the connectivity of these 
fossils and their faunal composition in comparison to 
the modern fauna of South America. In the case of the 
cranial remains identified as Caiman aff. C. yacare and 
of the well-preserved skull of the Crocodylus falconensis 
(Scheyer et al. 2013), however, some broader implications 
are warranted. The extant Caiman yacare, the south-
ern or Paraguayan spectacled caiman, has a distribution 
restricted to the southern hemisphere, with a northern-
most extension into Bolivia and central/southwestern 
Brazil (Grigg and Kirschner 2015). The identification of 
AMU-CURS-1328 as Caiman aff. C. yacare from the 
Cocuiza Member tentatively implies that the distribution 
of the southern spectacled caiman could have had a more 
extensive northward distribution up to Caribbean, even 
until the Early Pleistocene (Calabrian). A fossil represent-
ative of the northern spectacled caiman, Caiman crocodi-
lus, was recently reported from the Pliocene–Pleistocene 
El Breal de Orocual tar pit in northeastern Venezuela 
(Cidade et  al. 2019b). The overlap of the northern with 
the southern species of spectacled caimans might thus 
have been more extensive in the recent past in compari-
son to today’s restricted overlap zone along the northern 
border of Bolivia with Brazil (e.g., Andrade et al. 2020).

Crocodylidae are represented in South America today 
only by the American crocodile, Crocodylus acutus, rang-
ing from Central America to Colombia and throughout 
the Caribbean, and the critically endangered Orinoco 
crocodile, Crocodylus intermedius, restricted to Colom-
bia and Venezuela (Grigg and Kirschner 2015). Scheyer 
et  al. (2013) recovered C. falconensis from the Plio-
cene Vergel Member as sister taxon to all New world 

crocodiles, including the two extant crocodile species. 
Together with lower jaw remains identified as Croco-
dylus sp. from the Pliocene Ware Formation of Colom-
bia (Moreno-Bernal et  al. 2016), C. falconensis is still 
considered the oldest well-known record of true croco-
dylids in South America (Cidade et  al. 2019a). A recent 
phylogenetic analysis refined the position of Crocodylus 
falconensis to within the extant New World crocodiles 
and Crocodylus intermedius being the sister taxon to the 
remaining species (Delfino et al. 2020).

Paleoenvironments
Vergel Member: According to Hambalek et  al. (1994), 
fluvial environments prevailed in the Urumaco region 
during the deposition of the Vergel Member with depo-
sitional environments characterized by alluvial plains and 
braided rivers (Rey 1990). These conditions were later 
replaced by a marine incursion that is represented by the 
deposition of the overlying Cocuiza Member (Hambalek 
et al. 1994). Foraminifera with low-salinity tolerance indi-
cate the presence of estuaries nearby (Smith et al. 2010).

The conglomeratic layer that bears most of the fossils 
from NCC Locality (Fig.  3B) is evidence of transporta-
tion and accumulation in river channels (Quiroz and 
Jaramillo 2010). The paleontological evidence, especially 
the aquatic faunal composition of the NCC assemblage 
(Table  1), supports this idea and is an unequivocal ele-
ment supporting the presence of permanent water-
courses. The ichthyofauna from NCC assemblage is 
characterized by a typical tropical-freshwater composi-
tion. The habitat preferences of extant taxa related with 
fossil characiforms (e.g., cf. Megaleporinus, Schizodon 
cf. S. corti, and Mylossoma sp.) and Siluriformes (e.g., 
cf. Amblydoras sp., cf. Scorpiodoras sp., cf. Pimelodella 
sp., cf. Platysilurus sp., and indeterminate pimeloids and 
loricariids) suggest flowing waters in a well-oxygenated 
environment (Additional file  7). The stingray Potamo-
trygon sp. is abundant in the fossil assemblage (Table 1) 
and although living species are found even in lakes and 
still waters, they are commonly associated with flowing 
rivers and particularly on sandy substrates (see Lasso 
et al. 2014). Although the fossil ichthyofauna from NCC 
assemblage supports the presence of flowing waters, 
other environments, such as swampy, ponds, and mar-
ginal areas associated with a flooding process, may have 
also existed. For example, the extant relatives of the 
armored Callichthyidae catfishes and the freshwater eel 
Synbranchus sp. (Table  1 and Additional file  7) are able 
to survive also in warm, anoxic, and temporary waters 
due to their aerial respiration capacity (Lundberg et  al. 
2010; van der Sleen and Albert 2018). Most of the fossil 
fish taxa from NCC assemblage have living representa-
tives that exclusively inhabit freshwater environments. 
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However, the presence of euryhaline species is feasible, 
especially due to the probable proximity to the marine 
area during the deposition of the Vergel Member (Ham-
balek et  al. 1994; Smith et  al. 2010). A clear example 
could be the presence of the Ariidae catfish cf. Sciades, 
a genus whose living species have the ability to migrate 
upstream (Marceniuk and Menezes 2007).

The presence of a pipid amphibian is also indicative of 
freshwater environments, as Pipidae anurans are strictly 
linked to aquatic conditions and rarely use terrestrial 
environments (Wells 2007). Crocodylian (teeth, osteo-
derms, and vertebrae) and podocnemidid turtle remains 
(shell fragments) are among the most abundant fossils of 
aquatic vertebrates in the NCC assemblage. The habitat 
preferences of their extant relatives are freshwater lakes, 
marshes, swamps, mangroves, and flowing waters (Addi-
tional file 7), supporting also the evidence of freshwater 
environments, although the presence of Crocodylus fal-
conensis might imply the existence of estuarine settings 
nearby. Members of Crocodylus live in estuarine or mixed 
environments (in addition to rivers). Likewise, the envi-
ronments in which both types of crocodiles (a caiman 
and a true crocodile) occur today in America are few. 
For example, the Orinoco or Magdalena River deltas 
are potentially habitats for both species and could give 
an idea of the characteristics of the Falcón area in the 
Pliocene–Pleistocene.

The matamata turtle (Chelus) is another example that 
supports the existence of freshwater environments. The 
extant species of Chelus are associated mainly with slow-
moving waters, swamps, and marshes (Trebbau and 
Pritchard 2016). In addition to the aquatic vertebrate 
assemblage, the NCC locality yielded abundant remains 
of freshwater mollusks (Fig.  34A–K) and Trichodactyli-
dae crabs (Fig. 34L–O2) (e.g., Rodríguez 1997). Although 
mollusks were preserved only by internal molds of 
bivalves and gastropods, some of the latter could be ten-
tatively allocated to Planorbidae (Fig.  34E–H), which 
are characteristics of fresh water environments, includ-
ing slow-moving rivers (Hanley 1980). As for the NCC 
snakes, Anilius scytale is a strictly fossorial form that 
requires humid soil and proximity to bodies of water 
(Martins and Oliveira 1999). The boid Corallus, on the 
other hand, is an efficient arboreal dweller and its occur-
rence indicates the presence of a forested environment 
(Martins and Oliveira 1999).

Neoepiblemids and hydrochoerines rodents show a 
fossil record associated with strata formed by perma-
nent bodies of water, such as rivers, lakes, and marshes 
(Vucetich et  al. 2010; Kerber et  al. 2017). Their pres-
ence in the NCC assemblage is in accordance with wet 
and humid paleoenvironmental conditions. The pres-
ence of terrestrial sloths, glyptodontids, pampatheriids, 

and dasypodids in the NCC locality (Carlini et al. 2008c, 
2018; Zurita et al. 2011; Vucetich et al. 2010; Castro et al. 
2014) (Table  1), and their paleoecological and habitat 
preferences (e.g., Defler 2019) could suggest forested-
grass land areas. This could be supported also by the 
presence of abundant remains of Falcontoxodon (Car-
rillo et al. 2018) (Table 1), a taxon that is closely related 
to other toxodontids characterized by a broad ecological 
flexibility and diet associated with grasslands and/or for-
ested-grassland areas (MacFadden 2005).

The data published by Hambalek et  al. (1994) are 
restricted to the marine Cocuiza Member, with no 
detailed studies on the Vergel Member palynoflora. Jara-
millo et al. (2010) suggested that a xerophyte vegetation 
dominated the landscape during the accumulation of the 
Codore Formation in the Urumaco region. However, the 
palynoflora found in the middle Vergel Member indi-
cates the presence of rainforest elements (Additional 
file  3), while the palynoflora in the Cocuiza Member, 
albeit scarce, lacks the rainforest taxa seen in the Vergel 
member, suggesting a major floristic change toward drier 
biomes in the Pliocene–Pleistocene transition that also 
seems to occur in many regions across the Neotropics 
(Jaramillo 2019). A much wetter precipitation regime for 
the Urumaco/Ware region had been observed since the 
early Miocene until at least the middle Pliocene (Scholz 
et  al. 2020; Jaramillo et  al. 2020; Pérez-Consuegra et  al. 
2018) and it is possible that the reduction in precipita-
tion to modern levels occurred at the Pliocene–Pleisto-
cene transition. The small seed and fruit sizes observed 
in the NCC locality (Fig.  33), in contrast to the pollen, 
suggest open vegetation environments. In living ecosys-
tems, seeds of small size are most common among her-
baceous plants and in grassland environments (Moles 
et al. 2007). Even though taphonomical processes and the 
specific depositional environments of the Vergel Mem-
ber may have biased the selective preservation of small-
sized seeds, the natural affinities of this assemblage are 
also indicative of a low-standing vegetation component 
in open or partly open environments. These paleobot-
anical interpretations, the abundance and diversity of 
freshwater vertebrates, and the ecological preferences 
of forest-dweller vertebrates described above suggest an 
environment with mixed forested-grassland areas during 
the deposition of the Vergel Member (Fig. 35).

Cocuiza Member: In contrast to the Vergel Member 
a continental paleoenvironment, the Cocuiza Mem-
ber (the middle portion of the San Gregorio Forma-
tion) represents a marine environment associated with 
marine incursion (Hambalek et  al. 1994). The presence 
of marine microfossils (Hambalek et  al. 1994; Smith 
et al. 2010; Additional file 4), ostreid colonies and several 
other marine molluscan taxa (Rey 1990), echinoids and 
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crustaceans (Aguilera et al. 2010; Mihaljević et al. 2010), 
and some sharks and bony fishes (Carrillo-Briceño et al. 
2018b, table  S6; Aguilera et  al. 2020) suggests a low to 
moderate energy coastline environment with an influx 
of terrigenous sediments (see Rey 1990; Ministerio de 
Energía y Minas 1997).

The SGOP section (Fig.  3C) is characterized by an 
interbedding of marine layers (with abundant marine 
mollusk, crustaceans, rays, and sirenian remains) and 
lenticular conglomerates (Fig.  2G, H) bearing disarticu-
lated terrestrial vertebrates, suggesting intermittent flows 
of terrigenous sediments into a littoral environment. For 
example, the presence of freshwater/terrestrial fauna 
(including abundant coprolites) in marine sediments 
(coquinoic limestones) of the Urumaco and Caujarao 

formations has been interpreted as the result of the input 
of streams and rivers from the backshore to the litto-
ral marine environment (see Dentzien-Dias et  al. 2018, 
table  2; Carrillo-Briceño et  al. 2018a). Most of the cra-
nial and postcranial remains from the conglomeratic lay-
ers of the SGOP locality were collected in situ already in 
fragmentary and isolated conditions, likely suggesting 
significant transport and deposition during high-energy 
episodes. A presumed crocodylian coprolite (Fig.  29H1, 
H2) was collected in the fine sandstone underlying the 
conglomeratic layer (Fig.  3C). Although it is difficult to 
infer the distance of origin and the continental paleoen-
vironments based on allochthonous terrestrial fossils 
recovered from marine sediments, the presence of terres-
trial sloths, glyptodontids, pampatheriids, toxodontids, 
camelids, and procyonids in the SGOP locality (Addi-
tional file  7) suggests their association with grasslands 

Fig. 34 Freshwater molluscs and crustaceans from the Vergel Member. A–D Internal molds of indeterminate bivalves (AMU‑PI‑81). E–H Internal 
molds of gastropods (AMU‑PI‑82) presumably related to Planorbidae. J, K Internal molds of indeterminate gastropods (AMU‑PI‑83). L–O2 Right 
chelae (L, M) and moveable fingers (dactyl: N1–O2) of indeterminate freshwater crabs Trichodactylidae (AMU‑PI‑15)
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Fig. 35 (Top) Life reconstruction of the San Gregorio Formation faunal assemblage, Falcón Basin, Venezuela. Artist: Jaime Chirinos. (Bottom) Key 
of the reconstruction. (1) cf. Didelphis sp. (2) cf. †Proeremotherium sp. (3) aff. †Holmesina floridanus. (4) †Pliodasypus vergelianus. (5) Podocnemididae 
indet. (6) Anilius scytale. (7) Chelus sp. (8) †Crocodylus falconensis. (9) †Cyonasua sp. (10) †Interatheriidae indet. (11) Podocnemididae indet. (12) 
†Falcontoxodon sp. (13) †?Hydrochoeropsis wayuu. (14) aff. †Boreostemma sp. (15) Tupinambis s.l. (16) †Marisela gregoriana. (17) Corallus sp. (18) 
Chelonoidis sp. (19) Lizard. (20) Mylossoma sp. (21) Potamotrygon sp. (22) Hoplias sp. (23) Schizodon cf. S. corti. (24) cf. Amblydoras sp. (25) Cichlidae 
indet. (26) Caimaninae indet. (27) cf. Megaleporinus sp. (28) cf. Sciades sp. (29) Callichthyidae indet. (30) Eunectes sp. (31) cf. Pipa sp. (32) Synbranchus 
sp. (33) Suckermouth catfish (Hypostominae)
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and/or forested-grassland areas (MacFadden 2005; Defler 
2019, and references there in). In contrast, the presence 
of Caiman aff. C. yacare, Eunectes, and podocnemidid 
turtle remains provides evidence for wetland environ-
ments and permanent waters.

Conclusions
A late Pliocene age is here suggested for the Vergel Mem-
ber based on its stratigraphical position, palynological 
content, and the presence of the pampatheriid Plaina. A 
Pleistocene age (Calabrian) is suggested for the Cocuiza 
Member based on its nannoplankton content and the 
86Sr/88Sr dating.

There are fossils of at least 55 aquatic and terrestrial 
taxa from two different localities of the San Gregorio For-
mation: 49 taxa from the Vergel Member and 9 taxa from 
the Cocuiza Member. From the overall paleodiversity, 
28 and 18 fossil taxa are reported for the first time in the 
fossil record of the Urumaco sequence and Venezuela, 
respectively. Among them are the first fossil records of 
the freshwater taxa cf. Megaleporinus, Schizodon, cf. 
Amblydoras, cf. Scorpiodoras, and the pipesnake Anilius 
scytale, all from Pliocene strata of the Vergel Member.

The San Gregorio Formation preserves a diverse assem-
blage of taxa that lived in the Falcón region after the iso-
lation of northern South American and western Amazon 
basins. Mixed open grassland/forest areas were sur-
rounded by permanent freshwater systems, contrasting 
with the current dry environments in the Falcón region. 
The presence of the cis-Andean freshwater catfishes cf. 
Amblydoras, cf. Scorpiodoras, podocnemidid and Chelus 
sp. turtles, the Eunectes (anaconda) and pipesnake Anil-
ius scytale snakes, as well as some caviomorph neoepi-
blemid rodents supports the hypothesis that geographical 
contraction to their extant distribution in northern South 
America occurred rapidly during at least the last 1.5 Ma. 
This could suggest marked environmental changes in the 
region during the early Quaternary and a subsequent 
extinction/extirpation process related to major climatic 
drying.

The rodent fauna from San Gregorio Formation (NCC 
locality) is the only Neogene unit from northern South 
America documenting the coexistence of caviomorphs 
(Hydrochoerinae, Neoepiblemidae, and Octodontoidea) 
and cricetids. This fauna shows the last appearance datum 
of Neoepiblemidae. To date, no dinomyids were found in 
such strata, a group quite diverse and abundant during 
the middle-late Miocene, which suggests that they were 
possibly in decline when the fossiliferous levels of the 
Vergel Member were accumulated. Cingulate and pilosan 
(Phyllophaga) xenarthrans from the Vergel Member are 
more closely related to the earliest South American immi-
grant taxa in Central and North America around the time 

when the Panamá Isthmus was fully established. Carrillo 
et al. (2018) overlapped the mammalian assemblage of the 
Vergel Formation with the second and third migratory 
GABI pulse. However, with the late Pliocene age proposed 
here for the Vergel Member, this assemblage would have 
to be reinterpreted within GABI 1.

The occurrence of interatheriids in Pliocene sedi-
ments of the San Gregorio Formation could suggest 
that this mammalian group survived early Neogene cli-
mate change inhabiting patchy, likely forested areas in 
tropical South America. This longer persistence time for 
basal notoungulates might confirm that tropical areas of 
northern South America could have been "cradles and 
museums" of biodiversity (e.g., Jablonski et  al. 2006). 
However, confirmation of these paleobiogeographic pat-
terns requires intensive fieldwork in order to (1) collect, 
more complete and better-preserved specimens, (2) to 
increase drastically the sampling effort in the highly veg-
etated tropics, and (3) for isotaphonomic analysis to rule 
out any sampling biases in the Neotropics. Based on data 
from these suggested studies, we will be able to determi-
nate whether the tropics were indeed refugia for different 
clades that inhabited South America.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13358‑ 020‑ 00216‑6.

Additional file 1. Northward Chiguaje Hill section (NCH), San Gregorio 
Formation, Falcón state, Venezuela.

Additional file 2. San Gregorio Río Seco section (SGRS), San Gregorio 
Formation, Falcón state, Venezuela.

Additional file 3. Palynological samples from the Vergel Member, San 
Gregorio Formation.

Additional file 4. Micropaleontological samples from the Cocuiza Mem‑
ber, San Gregorio Formation.

Additional file 5. 87Sr/86Sr analyses for the Cocuiza Member of the San 
Gregorio Formation.

Additional file 6. Size of the lower first molar (m1) of AMU‑CURS‑1327, 
with respect to other fossil and extinct procyonid genera.

Additional file 7. Habitat preferences of San Gregorio aquatic freshwa‑
ter taxa based on preferences of extant relatives. Localities: Norte Casa 
Chiguaje (NCC) and San Gregorio Oeste del Pueblo (SGOP). Fr freshwater, 
Br brackish, Ma marine.

Acknowledgements
The authors thank all the institutions mentioned in the methods section for 
their valuable support and access to study fossil and extant comparative col‑
lections. They thank D. Gutiérrez, Andrés Eloy Reyes, José Gregorio Hernández, 
Rodolfo Salas Gismondi, Mauro Grano, David Flores, Brian Sidlauskas, Rodolfo 
Isaac Sánchez, Tito Barros, Gilson Rivas, Oscar Lasso Alcalá, Mark Sabaj Pérez, 
Kyle R. Luckenbill, Frank Gary Stiles, Paula Bona, Javier Luque, Emily Lindsey, 
Gabriel Aguirre‑Fernández, the Sánchez family and the Urumaco community 
for their valuable support, and to Judith Recht for corrections to the text. 
They also thank German Bayona, Andrés Gómez, Felipe Lamus, Sara Morón, 
Luis Quiróz, and María C. Ruiz for their support in the elaboration of the 
stratigraphic sections of Northward Chiguaje Hill, and San Gregorio Río Seco. 
They thank Luca Racca for having provided some of the photos of the snake 

https://doi.org/10.1186/s13358-020-00216-6
https://doi.org/10.1186/s13358-020-00216-6


Page 69 of 76     9 A Pliocene–Pleistocene biota from Venezuela

remains and to the Center for Microscopy and Image Analysis of the University 
of Zurich for their assistance and support performing the scanning electron 
microscopy analysis. The Instituto del Patrimonio Cultural de Venezuela and 
the Alcaldía Bolivariana de Urumaco kindly provide collecting permits and 
support. They thank Ana Balcarcel for the final revision of the manuscript. They 
greatly appreciate comments and suggestions from Editor Daniel Marty and 
the four reviewers Adriana Albino, María Encarnación Pérez, Orangel Aguilera, 
and the anonymous reviewer.

Authors’ contributions
JDCB, AAC, CJ and MRSV conceived the study. The following authors per‑
formed the taxonomic work on the indicated taxa and drafted the description 
of those fossils: JDCB (rays, bony fishes, anurans, non‑snake Squamata and 
mammals), JLOB (bony fishes), TMS (turtles and crocodylians), MD (anurans, 
non‑snake Squamata and crocodylians), GLG (snakes), EAC (turtles), AAC 
(xenarthrans), JDC (toxodontids and camelids), LK (rodents), DRR and MCH 
(Carnivora), AFR (Typotheria), and MRC (seeds). JDCB, RS, TMS, JDC, MD, 
EAC, and AAC, and MRSV conducted fieldwork activities. JDCB processed 
the sediments, prepared samples, and took photographs. JDCB, JDC, and CJ 
prepared figures and/or tables. CJ, RTT, FV, and DSJ conceived and performed 
geochemical analyses and biostratigraphic dating. JDCB, TMS, JDC, MD, GLG, 
LK, DRR, JLOB, EAC, AFR, MCH, AAC, MRC, CJ, and MRSV wrote drafts of the 
manuscript. JDCB, and MRSV prepared the final draft. All authors read and 
approved the final manuscript.

Funding
This work was supported a by Swiss National Science Foundation SNF 
31003A‑149605 grant to Marcelo R. Sánchez‑Villagra; a mobility Grant (2018) 
Centro Latinoamericano‑Suizo University of San Gallen and the Leading 
House for the Latin American Region, and Graduate Campus Grants (2019) 
of the University of Zurich grants, to Jorge Carrillo‑Briceño, and Georges und 
Antoine Claraz‑Donation Grant (2019) granted to Torsten Scheyer and Jorge 
Carrillo‑Briceño. Torsten Scheyer also acknowledges funding by the SNF 
(31003A‑179401). The SNF Grant P400PB_186733 to Juan D. Carrillo. CNPq 
(processes 203489/2018‑7, 302872/2018‑3) funded José Birindelli. Georgios 
Georgalis acknowledges funding from Forschungskredit of the University of 
Zurich, Grant No. [FK‑20‑110].

Availability of data and materials
All the fossil specimens described here are available at the paleontological 
collections of the Alcaldía Bolivariana de Urumaco (AMU‑CURS), Falcón State, 
Venezuela. All data generated or analyzed during this study are included in 
this published article and its Additional files.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Universität Zürich, Paläontologisches Institut und Museum, 
Karl‑Schmid‑Straße 4, 8006 Zurich, Switzerland. 2 Museo Paleontológico 
de Urumaco, Calle Bolívar s/n, Urumaco, Estado Falcón, Venezuela. 3 CR2P, 
Muséum National d’Histoire Naturelle, CNRS, Sorbonne Université, 8 Rue 
Buffon, 75005 Paris, France. 4 Gothenburg Global Biodiversity Centre, Carl 
Skottsbergs gata 22B, 41319 Gothenburg, Sweden. 5 Dipartimento di Scienze 
della Terra, Università di Torino, Via Valperga Caluso 35, 10125 Torino, Italy. 
6 Institut Català de Paleontologia Miquel Crusafont, Universitat Autònoma de 
Barcelona, Edifici ICTA/ICP, c/Columnes s/n, Campus de la UAB, 08193 Cerdan‑
yola del Vallès, Barcelona, Spain. 7 Centro de Apoio à Pesquisa Paleontológica 
da Quarta Colônia (CAPPA), Universidade Federal de Santa Maria (UFSM), São 
João do Polêsine, Rio Grande do Sul, Brazil. 8 Museu Paraense Emílio Goeldi, 
Coordenação de Ciências da Terra e Ecologia, Belém, PA, Brazil. 9 Centro 
Regional de Investigaciones Científicas y Transferencia Tecnológica de La Rioja 
(CRILAR), Provincia de La Rioja, CONICET, UNLaR, SEGEMAR, UNCa, Entre Ríos y 
Mendoza s/n, 5301 Anillaco, La Rioja, Argentina. 10 Departamento de Biologia 
Animal e Vegetal, Universidade Estadual de Londrina, Londrina, Brazil. 11 Grupo 
de Investigación Paleontología Neotropical Tradicional y Molecular (Paleo‑
Neo), Facultad de Ciencias Naturales, Universidad del Rosario, Bogotá, Colom‑
bia. 12 Departamento de Física y Geociencias, Universidad del Norte, Km. 5 
Vía Puerto Colombia, Barranquilla, Colombia. 13 Laboratorio de Paleontología, 
Instituto de Ciencias de La Tierra, Universidad Austral de Chile, Valdivia, Chile. 
14 Lab. Morfología Evolutiva Desarrollo (MORPHOS), and División Paleontología 

de Vertebrados, Museo de La Plata, Facultad de Ciencias Naturales y Museo, 
Universidad Nacional de La Plata, Paseo del Bosque s/n, B1900FWA La 
Plata, Argentina. 15 Smithsonian Tropical Research Institute, Apartado, 
0843‑03092 Balboa, Ancón, Panama. 16 Instituto de Investigaciones en 
Estratigrafía (IIES), Universidad de Caldas, Calle 65 #26‑10, Manizales, Colombia. 
17 Departamento de Geología, Universidad de Salamanca, 37008 Salamanca, 
Spain. 18 ISEM, U. Montpellier, CNRS, EPHE, IRD, Montpellier, France. 19 Florida 
Museum of Natural History, University of Florida, Gainesville, FL 32611, USA. 

Received: 14 October 2020   Accepted: 25 December 2020

References
Adnet, S., Salas Gismondi, R., & Antoine, P.‑O. (2014). Comparisons of dental 

morphology in river stingrays (Chondrichthyes: Potamotrygonidae) 
with new fossils from the middle Eocene of Peruvian Amazonia rekindle 
debate on their evolution. Naturwissenschaften, 101(1), 33–45.

Aguilera, O. A. (2004). Tesoros Paleontológicos De Venezuela: Urumaco, 
Patrimonio Natural De La Humanidad. Caracas: Universidad Nacional 
Experimental Francisco De Miranda, Venezuela, Editorial Arte.

Aguilera, O., Lopes, R. T., Rodriguez, F., dos Santos, T. M., Rodrigues‑Almeida, C., 
Almeida, P., et al. (2020). Fossil sea catfish (Siluriformes; Ariidae) otoliths 
and in‑skull otoliths from the Neogene of the Western Central Atlantic. 
Journal of South American Earth Sciences, 101, 102619.

Aguilera, O., Lundberg, J., Birindelli, J., Sabaj Pérez, M., Jaramillo, C., & Sánchez‑
Villagra, M. R. (2013). Palaeontological evidence for the last temporal 
occurrence of the ancient western Amazonian River outflow into the 
Caribbean. PLoS ONE, 8(9), e76202.

Aguilera, O. A., Riff, D., & Bocquentin‑Villanueva, J. (2006). A new giant Purus-
saurus (Crocodyliformes, Alligatoridae) from the upper Miocene 
Urumaco Formation, Venezuela. Journal of Systematic Palaeontology, 
4(3), 221–232.

Aguilera, O. A., Rodrigues de Aguilera, D., Vega, F. J., & Sánchez‑Villagra, M. R. 
(2010). Mesozoic and Cenozoic decapod crustaceans from Venezuela 
and related trace‑fossil assemblages. In M. R. Sánchez‑Villagra, O. A. 
Aguilera, & F. Carlini (Eds.), Urumaco and Venezuelan paleontology (pp. 
103–128). Bloomington: Indiana Press University.

Aguirre‑Fernández, G., Carrillo‑Briceño, J. D., Sánchez, R., Amson, E., & Sánchez‑
Villagra, M. R. (2017a). Fossil cetaceans (Mammalia, Cetacea) from the 
Neogene of Colombia and Venezuela. Journal of Mammalian Evolution, 
24(1), 71–90.

Aguirre‑Fernández, G., Mennecart, B., Sánchez‑Villagra, M. R., Sánchez, R., & 
Costeur, L. (2017b). A dolphin fossil ear bone from the northern Neo‑
tropics—Insights into habitat transitions in iniid evolution. Journal of 
Vertebrate Paleontology, 37(3), e1315817.

Albert, J. S., Val, P., & Hoorn, C. (2018). The changing course of the Amazon River 
in the Neogene: Center stage for Neotropical diversification. Neotropical 
Ichthyology, 16(3), e180033.

Albino, A. M., & Brizuela, S. (2014). An overview of the South American fossil 
squamates. The Anatomical Record, 297, 349–368.

Albino, A. M., Brizuela, S., & Montalvo, C. I. (2006). New Tupinambis remains 
from the late Miocene of Argentina and a review of the South Ameri‑
can Miocene Teiids. Journal of Herpetology, 40(2), 206–213.

Ameghino, F. (1887). Enumeración sistemática de las especies de mamíferos 
fósiles coleccionados por Carlos Ameghino en los terrenos eocenos 
de la Patagonia austral y depositados en el Museo La Plata. Boletín del 
Museo de La Plata, 1, 1–26.

Ameghino, F. (1889). Contribución al conocimiento de los mamíferos fósiles de 
la República Argentina. Actas de la Academia Nacional de Ciencias de la 
República Argentina en Córdoba, 6, 1–1027.

Ameghino, F. (1908). Las formaciones sedimentarias en la región litoral de Mar 
del Plata y Chapadmalal. Anales Museo Nacional de Historia Natural de 
Buenos Aires, 3, 343–428.

Amson, E., Carrillo, J. D., & Jaramillo, C. (2016). Neogene sloth assemblages 
(Mammalia, Pilosa) of the Cocinetas basin (la Gaujira, Colombia): 
Implications for the great American Biotic Interchange. Palaeontology, 
59(4), 563–582.

Anderberg, A. A., Baldwin, B. G., Bayer, R. G., Breitwieser, J., Jeffrey, C., Dillon, 
M. O., et al. (2007). Compositae. In J. W. Kadereit & C. Jeffrey (Eds.), The 



    9  Page 70 of 76 J. D. Carrillo-Briceño et al.

families and genera of vascular plants: VIII. Flowering plants, eudicots, 
asterales (pp. 61–588). Springer: Berlin.

Andrade, R. C. L. P., Sena, M. V., Araújo, E. V., Bantim, R. A. M., Riff, D., & Sayão, J. 
M. (2020). Osteohistological study on both fossil and living Caimaninae 
(Crocodyliformes, Crocodylia) from South America and preliminary 
comments on growth physiology and ecology. Historical Biology, 32, 
346–355.

Antoine, P.‑O., Marivaux, L., Croft, D. A., Billet, G., Ganerød, M., Jaramillo, C., et al. 
(2012). Middle Eocene rodents from Peruvian Amazonia reveal the pat‑
tern and timing of caviomorph origins and biogeography. Proceedings 
of the Royal Society B: Biological Sciences, 279(1732), 1319–1326.

Assega, F. M., & Birindelli, J. L. O. (2019). Taxonomic revision of the genus Anos-
tomoides (Characiformes: Anostomidae). Zootaxa, 4646(1), 124–144.

Audemard, F. A. (2001). Quaternary tectonics and present stress tensor of the 
inverted northern Falcón Basin, northwestern Venezuela. Journal of 
Structural Geology, 23, 431–453.

Backman, J., Raffi, I., Rio, D., Fornaciari, E., & Pälike, H. (2012). Biozonation and 
biochronology of Miocene through Pleistocene calcareous nannofossils 
from low and middle latitudes. Newsletters on Stratigraphy, 45, 221–244.

Backman, J., & Shackleton, N. J. (1983). Quantitative biochronology of Pliocene 
and Pleistocene calcareous nannofossils from the Atlantic, Indian and 
Pacific oceans. Marine Micropaleontology, 8, 141–170.

Bargo, M. S., Toledo, N., & Vizcaíno, S. F. (2012). Paleobiology of the Santacrucian 
sloths and anteaters (Xenarthra, Pilosa). In S. F. Vizcaíno, R. F. Kay, & M. S. 
Bargo (Eds.), Early Miocene paleobiology in Patagonia: High-latitude Pale-
ocommunities of the Santa Cruz Formation (pp. 216–242). Cambridge: 
Cambridge University Press.

Barrio‑Amorós, C. L., Chacón‑Ortiz, A., & Díaz De Pascual, A. (2002). Geographic 
distribution: Anilius scytale. Herpetological Review, 33, 66–67.

Batsch, A. J. G. C. (1788). Versuch einer Anleitung, zur Kenntniß und Geschichte der 
Thiere und Mineralien. Jena: Akademische Buchhandlung.

Bennett, E. T. (1833). On the Chinchillidae, a family of herbivorous Rodentia, 
and on a new genus referrible to it. Transactions of the Zoological Society 
of London, 1, 35–64.

Benton, M. J., & Clark, J. M. (1988). Archosaur phylogeny and the relationships 
of the Crocodylia. In M. J. Benton (Ed.), The phylogeny and classification 
of tetrapods (Vol. 1, pp. 295–338). Oxford: Clarendon Press.

Betancur‑R, R., Broughton, R. E., Wiley, E. O., Carpenter, K., López, J. A., Li, C., et al. 
(2013). The tree of life and a new classification of bony fishes. PLoS Cur-
rents. https:// curre nts. plos. org/ treeo flife/ index. html% 3Fp= 4341. html.

Billet, G. (2011). Phylogeny of the Notoungulata (Mammalia) based on cranial 
and dental characters. Journal of Systematic Palaeontology, 9, 481–497.

Birindelli, J. L. O. (2014). Phylogenetic relationships of the South American 
Doradoidea (Ostariophysi: Siluriformes). Neotropical Ichthyology, 2(3), 
451–564.

Birindelli, J. L. O., Britski, H. A., & Garavello, J. C. (2013). Two new species of 
Leporinus Agassiz (Characiformes: Anostomidae) from eastern basins 
of Brazil, and redescription of L. melanopleura Günther. Neotropical 
Ichthyology, 11(1), 9–23.

Birindelli, J. L. O., Britski, H. A., & Ramirez, J. L. (2020). A new endangered species 
of Megaleporinus (Characiformes: Anostomidae) from the Rio de Contas 
basin, Eastern Brazil. Journal of Fish Biology, 96(6), 1349–1359.

Bisbal, G. A., & Gómez, S. E. (1986). Morfología comparada de la espina pectoral 
de algunos Siluriformes Bonaerenses (Argentina). Physis, B, 44(107), 
81–93.

Bleeker, P. (1858). De visschen van den Indischen Archipel. Beschreven en toe‑
gelicht. Siluri. Verhandelingen der Koninklijke Natuurkundige Vereeniging 
in Nederlandsch Indië, 4, 1–370.

Bleeker, P. (1862–1863). Atlas Ichthyologique des Indes Orientales Néêrlan‑
daises. Publié sous les auspices du Gouvernement Colonial Néêrlandais. 
Tome 2, Siluroïdes, chacoïdes et hétérobranchoïdes. Amsterdam: 
Fréderic Mueller.

Bloch, M. E. (1795). Naturgeschichte der ausländischen Fische. Berlin: Schlesinger.
Bogan, S., Agnolin, F. L., Cenizo, M., Tassara, D., & Giacchino, A. (2020). A Pleis‑

tocene freshwater ichthyofaunal assemblage from central Argentina: 
What kind of fishes lived in the Pampean lagoons before the extinction 
of the megafauna? PLoS ONE, 15(7), e0235196.

Bogan, S., Zurita, A. E., Miño‑Boilini, Á. R., Suárez, P., Friedrichs, J., Lutz, A. I., et al. 
(2012). Primer registro de Synbranchiformes (Teleostei) para el Holo‑
ceno temprano de Argentina. Revista del Museo Argentino de Ciencias 
Naturales, 14(1), 41–45.

Boivin, M., Antoine, P.‑O., Benites‑Palomino, A., Marivaux, L., & Salas‑Gismondi, 
R. (2019). A new record of a giant neoepiblemid rodent from Peruvian 
Amazonia and an overview of lower tooth dental homologies among 
Chinchilloidea. Acta Paleontologica Polonica, 64, 627–642.

Bolli, H. M., Beckmann, J. P., & Saunders, J. B. (1994). Benthic foraminiferal 
biostratigraphy of the south Caribbean region. London: Cambridge 
University Press.

Bonaparte, C. L. (1835). Prodromus systematis ichthyologiae. Nuovi Annali delle 
Scienze naturali Bologna, 2(4), 81–196, 272–277.

Bonaparte, C. L. (1838). A new systematic arrangement of vertebrate animals. 
Transactions of the Linnaean Society of London, 18, 247–304.

Bonini, R. A. (2014). Bioestratigrafía y diversidad de los mamíferos del Neógeno 
de San Fernando y Puerta de Corral Quemado (Catamarca, Argentina). 
(Ph.D. Dissertation, Universidad Nacional de La Plata). 337.

Bowdich, T. E. (1821). An analysis of the natural classifications of mammalia for 
the use of students and travelers. Paris: J. Smith.

Brochu, C. A. (1999). Phylogeny, systematics, and historical biogeography of 
Alligatoroidea. Society of Vertebrate Paleontology Memoir, 6, 9–100.

Brochu, C. A. (2003). Phylogenetic approaches toward crocodylian history. 
Annual Review of Earth and Planetary Sciences, 31(1), 357–397.

Brochu, C. A., Parris, D. C., Grandstaff, B. S., Denton, R. K., & Gallagher, W. B. 
(2012). A new species of Borealosuchus (Crocodyliformes, Eusuchia) 
from the Late Cretaceous–early Paleogene of New Jersey. Journal of 
Vertebrate Paleontology, 32(1), 105–116.

Cadena, E. A., & Jaramillo, C. A. (2015). The first fossil skull of Chelus (Pleurodira: 
Chelidae, Matamata turtle) from the early Miocene of Colombia. Palae-
ontologia Electronica, 18.2.32A, 1–10.

Cadena, E. A., Scheyer, T. M., Carrillo‑Briceño, J. D., Sánchez, R., Aguilera‑Socorro, 
O. A., Vanegas, A., et al. (2020). The anatomy, paleobiology, and evolu‑
tionary relationships of the largest extinct side‑necked turtle. Science 
Advances, 6(7), eaay4593.

Camolez, T., & Zaher, H. (2010). Levantamento, identifi cação e descrição da 
fauna de Squamata do Quaternário brasileiro (Lepidosauria). Arquivos 
de Zoologia, Museu de Zoologia da Universidade de São Paulo, 41, 1–96.

Cappetta, H. (1980). Modification du satut generique de queleques especes de 
sélaciens crétacés et tertiares. Palaeovertebrata, 10, 29–42.

Carlini, A. A., Brandoni, D., & Sánchez, R. (2006a). First Megatheriines (Xenarthra, 
Phyllophaga, Megatheriidae) from the Urumaco (late Miocene) and 
Codore (Pliocene) formations, Estado Falcón, Venezuela. Journal of 
Systematic Palaeontology, 4(3), 269–278.

Carlini, A. A., Brandoni, D., Sánchez, R., & Sánchez‑Villagra, M. R. (2018). A new 
Megatheriinae skull (Xenarthra, Tardigrada) from the Pliocene of North‑
ern Venezuela—Implications for a giant sloth dispersal to Central and 
North America. Palaeontologia Electronica, 21(22), 16A.

Carlini, A. A., Scillato‑Yané, G. J., & Sánchez, R. (2006b). New Mylodontoidea 
(Xenarthra, Phyllophaga) from the middle Miocene–Pliocene of Ven‑
ezuela. Journal of Systematic Palaeontology, 4(3), 255–267.

Carlini, A. A., & Zurita, A. E. (2010). An introduction to cingulate evolution 
and their evolutionary history during the Great American BIOTIC 
interchange: Biogeographical clues from Venezuela. In M. R. Sánchez‑
Villagra, O. A. Aguilera, & F. Carlini (Eds.), Urumaco and Venezuelan 
paleontology (pp. 233–255). Bloomington: Indiana Press University.

Carlini, A. A., Zurita, A. E., & Aguilera, O. A. (2008a). North American Glypto‑
dontines (Xenarthra, Mammalia) in the upper Pleistocene of northern 
South America. Paläontologische Zeitschrift, 82(2), 125–138.

Carlini, A. A., Zurita, A. E., Scillato‑Yané, G. J., Sánchez, R., & Aguilera, O. (2008b). 
New Glyptodont from the Codore Formation (Pliocene), Falcón State, 
Venezuela, its relationship with the Asterostemma problem, and the 
paleobiogeography of the Glyptodontinae. Paläontologische Zeitschrift, 
82(2), 139–152.

Carlini, A. A., Zurita, A. E., Sánchez‑Villagra, M. R., Sánchez, R., & Scillato‑Yané, 
G. J. (2008c). Glyptodontinos (Cingulata, Glyptodontinae) del extremo 
norte de América del Sur: Implicancias paleobiogeográficas y filo‑
genéticas. III Congreso Latinoamericano de Paleontología de Vertebrados, 
resúmenes, 50.

Carrillo, J. D., Amson, E., Jaramillo, C., Sánchez, R., Quiroz, L., Cuartas, C., et al. 
(2018). The Neogene record of Northern South American native ungu‑
lates. Smithsonian Contributions to Palaeobiology, 101, 1–67.

Carrillo, J. D., & Sánchez‑Villagra, M. R. (2015). Giant rodents from the Neotrop‑
ics: Diversity and dental variation of late Miocene neoepiblemid 

https://currents.plos.org/treeoflife/index.html%3Fp=4341.html


Page 71 of 76     9 A Pliocene–Pleistocene biota from Venezuela

remains from Urumaco, Venezuela. Paläontologische Zeitschrift, 89(4), 
1057–1071.

Carrillo‑Briceño, J. D., Carrillo, J. D., Aguilera, O. A., & Sánchez‑Villagra, M. R. 
(2018). Shark and ray diversity in the Tropical America (Neotropics)—An 
examination of environmental and historical factors affecting diversity. 
PeerJ, 6, e5313.

Carrillo‑Briceño, J. D., Maxwell, E., Aguilera, O. A., Sánchez, R., & Sánchez‑
Villagra, M. R. (2015). Sawfishes and other elasmobranch assemblages 
from the Mio‑Pliocene of the South Caribbean (Urumaco sequence, 
Northwestern Venezuela). PLoS ONE, 10, e0139230.

Carrillo‑Briceño, J. D., Reyes‑Cespedes, A. E., Salas‑Gismondi, R., & Sánchez, R. 
(2018). A new vertebrate continental assemblage from the Tortonian of 
Venezuela. Swiss Journal of Palaeontology, 138, 237–248.

Cartajena, I., López, P., & Martínez, I. (2010). New camelid (Artiodactyla: Cameli‑
dae) record from the late Pleistocene of Calama (Second Region, Chile): 
A morphological and morphometric discussion. Revista Mexicana de 
Ciencias Geológicas, 27(2), 197–212.

Castellanos, A. (1937). Anotaciones sobre la línea filogenética de los clamite‑
rios. Publicaciones del Instituto de Fisiografía y Geología, 1, 1–35.

Castro, M. C., Carlini, A. A., Sánchez, R., & Sánchez‑Villagra, M. R. (2014). A new 
Dasypodini armadillo (Xenarthra: Cingulata) from San Gregorio Forma‑
tion, Pliocene of Venezuela: Affinities and biogeographic interpreta‑
tions. Naturwissenschaften, 101(2), 77–86.

Cerdeño, E., Pérez, M. E., Deschamps, C. M., & Contreras, V. H. (2019). A new 
capybara from the late Miocene of San Juan Province, Argentina, and 
its phylogenetic implications. Acta Palaeontologica Polonica, 64(1), 
199–212.

Cerdeño, E., & Reguero, M. (2015). The Hegetotheriidae (Mammalia, Notoungu‑
lata) assemblage from the late Oligocene of Mendoza, central‑western 
Argentina. Journal of Vertebrate Paleontology, 35(2), e907173.

Chen, I., & Manchester, S. (2011). Seed morphology of Vitaceae. International 
Journal of Plant Sciences, 172, 1–35.

Cidade, G. M., Fortier, D., & Hsiou, A. S. (2019). The crocodylomorph fauna of 
the Cenozoic of South America and its evolutionary history: A review. 
Journal of South American Earth Sciences, 90, 392–411.

Cidade, G. M., Fortier, D., Rincón, A. D., & Hsiou, A. S. (2019). Taxonomic review 
of two fossil crocodylians from the Cenozoic of South America and its 
implications for the crocodylian fauna of the continent. Zootaxa, 4656, 
475–486.

Cione, A. L., Azpelicueta, M. M., Bond, M., Carlini, A. A., Casciotta, J. R., Cozzuol, 
M. A., et al. (2000). Miocene vertebrates from Entre Ríos Province, 
eastern Argentina. In F. G. Aceñolaza, & R. Herbst (Eds.), El Neógeno de 
Argentina (pp. 191–237). Tucumán: Instituto Superior de Correlación 
Geológica (INSUGEO‑CONICET), Universidad Nacional de Tucumán, 
Serie Correlación Geológica, 14 (1–2).

Colwell, R. K., Chao, A., Gotelli, N. J., Lin, S.‑Y., Mao, C. X., Chazdon, R. L., et al. 
(2012). Models and estimators linking individual‑based and sample‑
based rarefaction, extrapolation and comparison of assemblages. 
Journal of Plant Ecology, 5(1), 3–21.

Compagno, L. J. V. (1973). Interrelationships of living elasmobranchs. In P. H. 
Greenwood, R. S. Miles, & C. Patterson (Eds.), Interrelationships of fishes 
(pp. 15–61). London: Academic Press.

Cope, E. D. (1865). Third contribution to the herpetology of tropical America. 
In Proccedings of the Academy of Natural Sciences of Philadelphia (Vol. 
1865, pp. 185–198).

Cope, E. (1868). On the origin of genera. Proceedings of the Academy of Natural 
Sciences of Philadelphia, 16, 242–300.

Cope, E. (1889). The Edentata of North America. American Naturalist, 23, 
657–664.

Croft, D. A., & Anaya, F. (2006). A new middle Miocene Hegetotheriid (Notoun‑
gulata: Typotheria) and a phylogeny of the Hegetotheriidae. Journal of 
Vertebrate Paleontology, 26(2), 387–399.

Czaplewski, N. J., & Rincón, A. D. (2020). A giant vampire bat (Phyllostomidae, 
Desmodontinae) from the Pliocene‑Pleistocene El Breal de Orocual 
asphaltic deposits (tar pits), Venezuela. Historical Biology. https:// doi. 
org/ 10. 1080/ 08912 963. 2020. 18006 84.

Dahdul, W. M. (2004). Fossil serrasalmine fishes (Teleostei, Characiformes) 
from the lower Miocene of Northwestern Venezuela. Special Papers 
in Palaeontology. In M. R. Sánchez‑Villagra & J. A. Clack (Eds.), Fossils of 
the Miocene Castillo Formation, Venezuela: Contributions on Neotropical 

palaeontology (Vol. 71, pp. 23–28). London: The Palaeontological 
Association.

Daudin, F. M. (1802). Histoire naturelle générale et particulière des Reptiles, Tome 
Troisième. Paris: Dufart, F.

Daudin, F. M. (1803). Histoire naturelle, génerale et particulière des reptiles; 
Ouvrage faisant suite aux Oeuvres de Leclerc de Buffon, et partie du cours 
complet d’histoire naturelle rédigé par C.S. Sonnini, membre de plusieurs 
sociétés savantes. Paris: Dufart, F.

de Paula Couto, C. (1954). Sobre um gliptodonte do Uruguay e um tatu fóssil 
do Brasil. Divisão de Geologia e Mineralogía, Notas preliminares e Estudos, 
80, 1–10.

Defler, T. (2019). History of terrestrial mammals in South America. How South 
American mammalian fauna changed from the Mesozoic to recent times. 
Springer Nature Topics in Geobiology. Switzerland: Springer.

Delfino, M., Iurino, D. A., Mercurio, B., Piras, P., Rook, L., & Sardella, R. (2020). Old 
African fossils provide new evidence for the origin of the American 
crocodiles. Scientific Reports, 10, 11127.

Delfino, M., & Sánchez‑Villagra, M. (2018). A late Miocene Pipine Frog from the 
Urumaco Formation, Venezuela. Ameghiniana, 55, 210–214.

Dentzien‑Dias, P., Carrillo‑Briceño, J. D., Francischini, H., & Sánchez, R. (2018). 
Paleoecological and taphonomical aspects of the late Miocene verte‑
brate coprolites (Urumaco Formation) of Venezuela. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 490, 590–603.

Deschamps, C. M., Olivares, A. I., Vieytes, E. M., & Vucetich, M. G. (2007). 
Ontogeny and diversity of the oldest capybaras (Rodentia, Hydrocho‑
eridae; late Miocene of Argentina). Journal of Vertebrate Paleontology, 
27, 683–692.

Díaz de Gamero, M. L. (1996). The changing course of the Orinoco River during 
the Neogene: A review. Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy, 123(1), 385–402.

Duméril, A. M. C. (1806). Zoologie analytique, ou méthode naturelle de classifica-
tion des animaux, rendue plus facile a l’aide de tableux synoptiques. Paris: 
Allais.

Duque Caro, H., Guzmán Ospitia, G., & Hernández, R. (1996). Geología de la 
Plancha 38 Carmen de Bolívar escala 1:100.000 memoria explicativa. 
Bogotá: INGEOMINAS.

Duque, H. (1975). Los foraminíferos planctónicos y el Terciario de Colombia. 
Revista Española de Micropaleontología, 7, 403–427.

Edmund, A. F. (1987). Evolution of the Genus Holmesina (Pampatheriidae, 
Mammalia) in Florida, with remarks on taxonomy and distribution. 
Pearce-Sellards Series, Texas Memorial Museum, 45, 1–20.

Eigenmann, C. H. (1925). A review of the Doradidae, a family of South Ameri‑
can Nematognathi, or catfishes. Transactions of the American Philosophi-
cal Society, 22, 280–365.

Eigenmann, C. H., & Eigenmann, R. S. (1888). Preliminary notes in South Ameri‑
can Nematognathi. Proceeding of the California Academy of Sciences, 1(2), 
119–172.

Eigenmann, C. H., & Kennedy, C. H. (1903). On a collection of fishes from Para‑
guay, with a synopsis of the American genera of Cichlids. Proceedings of 
the Academy of Natural Sciences of Philadelphia, 55, 497–537.

Escobedo‑Galván, A. H., Velasco, J. A., González‑Maya, J. F., & Resetar, A. (2015). 
Morphometric analysis of the Rio Apaporis Caiman (Reptilia, Crocodylia, 
Alligatoridae). Zootaxa, 3, 541–554.

Estes, R. (1961). Miocene lizards from Colombia, South America. Breviora, 143, 
1–11.

Estes, R. (1983). Sauria terrestria, Amphisbaenia. Handbuch der Paläoherpetologie, 
part 10A. Stuttgart: Gustav Fischer Verlag.

Fink, S. V., & Fink, W. L. (1981). Interrelationships of Ostariophysan fishes. Journal 
of the Linnean Society, 72, 297–353.

Fischer von Waldheim, G. (1813). Zoognosia Tabulis Synopticis Illustrata. Usum 
Prælectionum Academiæ Imperialis Medico-Chirurgicæ Mosquensis Edita. 
Moscow: Nicolai Sergeidis Vsevolozsky.

Fisher von Waldheim, G. (1817). Adversaria zoologica. 1 Mémoires de la Société 
Impériale des Naturalistes de Moscou, 5, 357–446.

Fitzinger, L. J. F. J. (1826). Neue Classification der Reptilien nach ihren Natürlichen 
Verwandtschaften. Nebst einer Verwandtschafts-Tafel und einem Verzeich-
nisse der Reptilien-Sammlung des k. k. zoologischen Museums zu Wien. 
Wien: Huebner, J G.

Fitzinger, L. J. F. J. (1835). Entwurf einer systematischen anordnung der Schil‑
dkröten nach den grundsätzen der natürlichen methode. Annalen des 
Wiener Museums der Naturgeschichte, 1, 103–128.

https://doi.org/10.1080/08912963.2020.1800684
https://doi.org/10.1080/08912963.2020.1800684


    9  Page 72 of 76 J. D. Carrillo-Briceño et al.

Forasiepi, A. M., Soibelzon, L. H., Gómez, C. S., Sánchez, R., Quiroz, L. I., Jaramillo, 
C., et al. (2014). Carnivorans at the Great American Biotic Interchange: 
New discoveries from the northern Neotropics. Naturwissenschaften, 
101(11), 965–974.

Frey, E. (1988). Das Tragsystem der Krokodile ‑ eine biomechanische und 
phylogenetische Analyse. Stuttgarter Beiträge zur Naturkunde Serie A 
(Biologie), 426, 1–60.

Garavello, J. C., & Santos, G. M. (2009). Two new species of Leporinus Agassiz, 
1829 from Araguaia‑Tocantins system, Amazon basin, Brazil (Ostorio‑
physi, Anostomidae). Brazilian Journal of Biology, 69(1), 109–116.

Garcia, D. A., & Powell, L. E. (2011). Griphotherion peiranoi, gen. et sp. nov., a new 
Eocene Notoungulata (Mammalia, Meridiungulata) from Northwestern 
Argentina. Journal of Vertebrate Paleontology, 31(5), 1117–1130.

Garman, S. (1877). On the pelvis and external sexual organs of selachians, 
with special reference to the new genera Potamotrygon and Disceus. 
Proceedings of the Boston Society of Natural History, 19, 197–215.

Gasparini, G. M., De Los Reyes, M., Francia, A., Scherer, C. S., & Poiré, G. D. (2017). 
The oldest record of Hemiauchenia Gervais and Ameghino (Mammalia, 
Cetartiodactyla) in South America: Comments about its paleobiogeo‑
graphic and stratigraphic implications. Geobios, 50(2), 141–153.

Georgalis, G. L., & Smith, K. T. (2020). Constrictores Oppel, 1811—The available 
name for the taxonomic group uniting boas and pythons. Vertebrate 
Zoology, 70, 291–304.

Georgalis, G. L., Villa, A., Ivanov, M., Vasilyan, D., & Delfino, M. (2019). Fossil 
amphibians and reptiles from the Neogene locality of Maramena 
(Greece), the most diverse European herpetofauna at the Miocene/Plio‑
cene transition boundary. Palaeontologia Electronica, 22.3.68, 1–99.

Gervais, H. (1847). Observations sur les mammifères fossiles du midi de la 
France. Annales de Sciences Naturelles, Zoologie, 3, 203–224.

Ghimire, B., Suh, G. U., Lee, C. H., Heo, K., & Jeong, M. J. (2018). Cypsela mor‑
phology of Cirsium species (Asteraceae) and its taxonomic implications. 
Flora, 249, 40–52.

Gill, T. N. (1861). Synopsis of the genera of the sub‑family of Pimelodinae. 
Proceedings of the Boston Society of Natural History, 8, 46–55.

Gill, T. (1872). Arrangement of the families of mammals with analytical tables. 
Smithsonian Miscellaneous Collections, 11, 1–98.

Gill, T. N. (1903). A new name (Hoplias) for the genus Macrodon of Müller. 
Proceedings of the Biological Society of Washington, 16, 49–52.

Gillette, D. D., & Ray, C. E. (1981). Glyptodonts of North America. Smithsonian 
Contributions to Paleobiology, 40, 1–251.

Gmelin, J. F. (1789). Caroli a Linné, Systema Naturae per regna tria naturae, 
secundum classes, ordines, genera, species, cum characteribus, dif‑
ferentiis, synonymis, locis. Editio Decima Tertia, Aucta, Reformata. Tomus 
I. Pars III. Lipsiae [Leipzig]. Beer, G.E. (Ed.).

Gois, F. (2013). Análisis morfológico y afinidades de los Pampatheriidae (Mam‑
malia, Xenarthra). (Ph.D. Dissertation, Universidad Nacional de La Plata). 
312.

Góis, F., Scillato‑Yané, G. J., Carlini, A. A., & Guilherme, E. (2013). A new species 
of Scirrotherium Edmund & Theodor, 1997 (Xenarthra, Cingulata, 
Pampatheriidae) from the late Miocene of South America. Alcheringa: 
An Australasian Journal of Palaeontology, 37(2), 177–188.

Gomes, C. G., Lessa, G., Cartelle, C., & Kerber, L. (2019). New fossil remains of 
Quaternary capybaras (Rodentia: Caviomorpha: Caviidae) from the 
intertropical region of Brazil: Morphology and taxonomy. Journal of 
South American Earth Sciences, 91, 36–46.

González de Juana, C., Iturralde de Arozena, J. M., & Picard, C. X. (1980). 
Geología de Venezuela y de sus cuencas petrolíferas. Caracas: Ediciones 
Foninves.

Gosline, W. A. (1983). The relationships of the mastacembelid and synbranchid 
fishes. Japanese Journal of Ichthyology, 29, 323–328.

Gower, D. J., Vidal, N., Spinks, J. N., & McCarthy, C. J. (2005). The phylogenetic 
position of Anomochilidae (Reptilia: Serpentes): First evidence from 
DNA sequences. Journal of Zoological Systematics and Evolutionary 
Research, 43, 315–320.

Grande, L. (1987). Redescription of Hypsidoris farsonensis (Teleostei: Siluri‑
formes), with a reassessement of its phylogenetic relationships. Journal 
of Vertebrate Paleontology, 7, 24–54.

Gray, J. E. (1821a). On the natural arrangement of vertebrose animals. London 
Medical Repository, 15(1), 296–310.

Gray, J. E. (1821b). Catalogue of Carnivorous, Pachydermatous, and Edentate 
Mammalia in the British Museum. London: British Museum.

Gray, J. E. (1825a). A synopsis of the genera of reptiles and Amphibia, with a 
description of some new species. Annals of Philosophy, 26, 193–217.

Gray, J. E. (1825b). Outline of an attempt at the disposition of the Mammalia 
into tribes and families with a list of genera apparently appertaining 
to each tribe. Annals of Philosophy, 10(1825), 337–344.

Gray, J. E. (1827). A synopsis of the genera of Saurian reptiles, in which some 
new genera are indicated, and the others reviewed by actual exami‑
nation. The Philosophical Magazine, 2(7), 54–58.

Gray, J. E. (1844). Catalogue of Tortoises, Crocodilians and Amphisbaenians in 
the collection of the British Museum. London: British Museum (Natural 
History).

Gray, J. E. (1869). Catalogue of carnivorous, pachydermatous and edentate 
mammalia in the British Museum. London: Trustees of the British 
Museum.

Grigg, G. C., & Kirschner, D. (2015). Biology and evolution of crocodylians. 
Clayton South: Csiro Publishing.

Günther, A. (1864). Catalogue of the fishes in the British Museum, vol. 5. Cata-
logue of the Physostomi, containing the families Siluridae, Characinidae, 
Haplochitonidae, Sternoptychidae, Scopelidae, Stomiatidae in the collec-
tion of the British Museum. London: Trustees.

Haeckel, E. (1866). Generelle Morphologie der Organismen. Zweiter Band. Allge-
meine Entwickelungsgeschichte der Organismen. Berlin: Georg Kramer.

Hambalek, N., Rull, V., De Digiacomo, E., & Díaz de Gamero, M. L. (1994). 
Evolución paleoecológica y paleoambiental de la secuencia del 
Neógeno en el surco de Urumaco. Estudio palinológico y litológico. 
Boletín de la Sociedad Venezolana de Geólogos, 191, 7–19.

Hanley, J. H. (1980). Paleoecology of nonmarine Mollusca from some pale‑
ointerdune deposits in the Nebraska Sand Hills. US Geological Survey 
Professional Paper, 1120-B, 25–28.

Harvey, M. B., Ugueto, G. N., & Gutberlet, R. L., Jr. (2012). Review of teiid 
morphology with a revised taxonomy and phylogeny of the Teiidae 
(Lepidosauria: Squamata). Zootaxa, 3459, 1–156.

Haseman, J. D. (1911). Description of some new species of fishes and 
miscellaneous notes on others obtained on the expedition of the 
Carnegie Museum to Central South America. Annals of the Carnegie 
Museum, 7(3–4), 315–328.

Head, J. J. (2020). A South American snake lineage from the Eocene Green‑
house of North America and a reappraisal of the fossil record of “anil‑
ioid” snakes. Geobios. https:// doi. org/ 10. 1016/j. geobi os. 2020. 09. 005.

Head, J. J., Sánchez‑Villagra, M. R., & Aguilera, O. A. (2006). Fossil snakes 
from the Neogene of Venezuela (Falcón state). Journal of Systematic 
Palaeontology, 4, 233–240.

Hendy, A. J. W., Jones, D. S., Moreno, F., Zapata, V., & Jaramillo, C. (2015). 
Neogene molluscs, shallow marine paleoenvironments, and chron‑
ostratigraphy of the Guajira Peninsula, Colombia. Swiss Journal of 
Palaeontology, 134(1), 45–75.

Heneidak, S., & Khalik, K. A. (2015). Seed coat diversity in some tribes of 
Cucurbitaceae: Implications for taxonomy and species identification. 
Acta Botanica Brasilica, 29, 29–142.

Higuchi, H., Birindelli, J. L. O., Sousa, L. M., & Britski, H. A. (2007). Merodo-
ras nheco, new genus and species from Rio Paraguay basin, Brazil 
(Siluriformes, Doradidae), and nomination of the new subfamily 
Astrodoradinae. Zootaxa, 1446, 31–42.

Hilgen, F. J., Lourens, L. J., Van Dam, J. A., Beu, A. G., Boyes, A. F., Cooper, R. 
A., et al. (2012). The Neogene period. In F. M. Gradstein, J. G. O. D. 
Schmitz, & G. M. Ogg (Eds.), The geologic time scale (pp. 923–978). 
Boston: Elsevier.

Hoffstetter, R. (1939). Contribution à l’étude des Elapidae actuels et fossiles 
et de l’ostéologie des Ophidiens. Archives du Muséum d’Histoire 
Naturelle de Lyon, 15, 1–78.

Hoffstetter, R., & Rage, J.‑C. (1977). Le gisement de vertébrés miocènes de La 
Venta (Colombie) et sa faune de serpents. Annales de Paléontologie, 
63, 161–190.

Holbourn, A., Scott Henderson, A., & MacLeod, N. (2013). Atlas of Benthic 
Foraminifera. Chichester: Wiley‑Blackwell.

Holliday, C. M., & Witmer, L. M. (2007). Archosaur adductor chamber evolu‑
tion: Integration of musculoskeletal and topological criteria in jaw 
muscle homology. Journal of Morphology, 268, 457–484.

Hoorn, C., Wesselingh, F. P., ter Steege, H., Bermudez, M. A., Mora, A., Sevink, J., 
et al. (2010). Amazonia through time: Andean uplift, climate change, 
landscape evolution, and biodiversity. Science, 330(6006), 927–931.

https://doi.org/10.1016/j.geobios.2020.09.005


Page 73 of 76     9 A Pliocene–Pleistocene biota from Venezuela

Horovitz, I., Sanchez‑Villagra, M. R., Martin, T., & Aguilera, O. A. (2006). The fossil 
record of Phoberomys pattersoni Mones 1980 (Mammalia, Rodentia) 
from Urumaco (late Miocene, Venezuela), with an analysis of its phylo‑
genetic relationships. Journal of Vertebrate Paleontology, 4(3), 293–306.

Hsieh, T., Ma, K. H., & Chao, A. (2016). iNEXT: An R package for rarefaction and 
extrapolation of species diversity (Hill numbers). Methods in Ecology and 
Evolution, 7(12), 1451–1456.

Hsiou, A. S., & Albino, A. M. (2009). Presence of the Genus Eunectes (Serpentes, 
Boidae) in the Neogene of Southwestern Amazonia, Brazil. Journal of 
Herpetology, 43(4), 612–619.

Hsiou, A. S., & Albino, A. M. (2010). New snake remains from the Miocene of 
northern South America. The Herpetological Journal, 20(4), 249–259.

Hsiou, A. S., Albino, A., & Ferigolo, J. (2009). First lizard remains (Teiidae) from 
the Miocene of Brazil (Solimões Formation). Revista Brasileira de Paleon-
tologia, 12, 225–230.

Hsiou, A. S., Albino, A. M., & Ferigolo, J. (2010). Reappraisal of the South Ameri‑
can Miocene snakes of the genus Colombophis, with description of a 
new species. Acta Palaeontologica Polonica, 55(3), 365–379.

Hsiou, A. S., Schubert, B., Winck, G. R., Onary‑Alves, S. Y., & Avilla, L. (2016). New 
quaternary teiid (Lepidosauria, Squamata) lizard remains from Gruta do 
Urso, Tocantins, Brazil. Revista Brasileira De Paleontologia, 19(2), 233–242.

Hsiou, A. S., Winck, G. R., Schubert, B. W., & Ávilla, L. (2013). On the presence of 
Eunectes murinus (Squamata, Serpentes) from the late Pleistocene of 
northern Brazil. Revista Brasileira de Paleontologia, 16(1), 77–82.

Huxley, T. H. (1880). On the application of the laws of evolution to the 
arrangement of the Vertebrata, and more particularly of the Mammalia. 
Proceedings of the Zoological Society of London, 43, 649–662.

Illiger, C. (1811). Prodromus systematis Mammalium et Avium additis terminis 
zoographicis utriusque classis. Berlin: C. Salfeld.

Iltis, H., Hall, J. C., Cochrane, T. S., & Systma, K. J. (2011). Studies in the Cleo‑
maceae I. On the separate recognition of Capparaceae, Cleomaceae, 
and Brassicaceae. Annals of the Missouri Botanical Garden, 98, 28–36.

Jablonski, D., Roy, K., & Valentine, J. W. (2006). Out of the tropics: Evolutionary 
dynamics of the latitudinal diversity gradient. Science, 314, 102–106.

Jaramillo, C. (2019). 140 million years of tropical biome evolution. In J. Gómez 
& A. O. Pinilla‑Pachon (Eds.), The Geology of Colombia. Volume 2 Mesozoic 
(pp. 1–27). Bogotá: Servicio Geológico Colombiano, Publicaciones 
Geológicas Especiales.

Jaramillo, C., Cárdenas, D., Correa‑Metrio, A., Moreno, J. E., Trejos, R., Vallejos, 
D., et al. (2020). Drastic vegetation change in the Guajira Peninsula 
(Colombia) during the Neogene. Paleoceanography and Paleoclimatol-
ogy., 35(11), e2020PA003933.

Jaramillo, C. A., Hoorn, C., Silva, S. A. F., Leite, F., Herrera, F., Quiroz, L., et al. 
(2010). The origin of the modern Amazon rainforest: Implications of the 
palynological and palaeobotanical record. In C. Hoorn & F. P. Wesselingh 
(Eds.), Amazonia: Landscape and species evolution (pp. 334–337). Oxford: 
Blackwell Publishing.

Joyce, W. G., Anquetin, J., Cadena, E. A., Claude, J., Danilov, I. G.,Evers, S. W., et al.  
(2021). A nomenclature for fossil and living turtles using phyloge‑
netically defined clade names. Swiss Journal of Palaeontology, 140(5). 
https:// doi. org/ 10. 1186/ s13358‑ 020‑ 00211‑x.

Joyce, W. G., Parham, J. F., Anquetin, J., Claude, J., Danilov, I. G., Iverson, J. B., 
et al. (2020a). Testudines. In K. de Queiroz, P. D. Cantino, & J. A. Gauthier 
(Eds.), Phylonyms – A Companion to the PhyloCode (pp. 1049–1051). Boca 
Raton: CRC Press.

Joyce, W. G., Parham, J. F., Anquetin, J., Claude, J., Danilov, I. G., Iverson, J. B., 
et al. (2020b). Pleurodira. In K. de Queiroz, P. D. Cantino, & J. A. Gauthier 
(Eds.), Phylonyms – A Companion to the PhyloCode (pp. 1055–1057). Boca 
Raton: CRC Press.

Joyce, W. G., Parham, J. F., Anquetin, J., Claude, J., Danilov, I. G., Iverson, J. B., 
et al. (2020c). Cryptodira. In K. de Queiroz, P. D. Cantino, & J. A. Gauthier 
(Eds.), Phylonyms – A Companion to the PhyloCode (pp. 1061–1063). Boca 
Raton: CRC Press.

Kaminski, M., & Gradstein, F. M. (2005). Atlas of Paleogene cosmopolitan 
deep‑water agglutinated Foraminifera. Grzybowski Foundation Special 
Publication, 10, 1–547.

Kennett, J. P., & Stott, L. D. (1991). Abrupt deep‑sea warming, palaeoceano‑
graphic changes and benthic extinctions at the end of the Paleocene. 
Nature, 353, 225–229.

Kerber, L., Mayer, E. L., Gomes, A. C. F., & Nasif, N. (2020). On the morphological, 
taxonomic, and phylogenetic status of South American Quaternary 

dinomyid rodents (Rodentia: Dinomyidae). Paläontologische Zeitschrift, 
94, 167–178.

Kerber, L., Negri, F. R., Ribeiro, A. M., Vucetich, M. G., & Souza‑Filho, J. P. D. (2017). 
Late Miocene Potamarchine rodents from Southwestern Amazonia, 
Brazil—with description of new taxa. Acta Palaeontologica Polonica, 
61(1), 191–203.

Kerber, L., Negri, F. R., & Sanfelice, D. (2019). Morphology of cheek teeth and 
dental replacement in the extinct rodent Neoepiblema Ameghino, 
1889 (Caviomorpha, Chinchilloidea, Neoepiblemidae). Journal of Verte-
brate Paleontology, 38, e1549061.

Kirby, M. X., Jones, D. S., & MacFadden, B. J. (2008). Lower Miocene stratigra‑
phy along the Panama Canal and its bearing on the Central American 
Peninsula. PLoS ONE, 3(7), e2791.

Klein, E. E. (1885). Beiträge zur Bildung des Schadels der Knochenfische II. 
Jahreshefte des Vereins für vaterländische Naturkunde in Württemberg, 41, 
107–261.

Kner, R. (1853). Über die Hypostomiden, oder die zweite Hauptgruppe 
der Panzerfische. Sitzungsberichte der Akademie der Wissenschaften 
mathematisch-naturwissenschaftliche Klasse, 10, 279–282.

Kozuch, L., & Fitzgerald, C. (1989). A guide to identifying shark centra from 
southeastern archaeological sites. Southeastern Archaeology, 8(2), 
146–157.

Kraglievich, L. (1926). Los grandes roedores terciarios de la Argentina y sus 
relaciones con ciertos géneros Pleistocenos de las Antillas. Anales del 
Museo Nacional de Historia Natural de Buenos Aires, 34, 122–135.

Kraglievich, L. (1930). La formación friaseana del río Frías, río Fenix, laguna 
Blanca, etc. y su fauna de mamíferos. Physis, 10, 127–161.

Kuhn, U., Bittrich, V., Carolin, R., Freitag, H., Hedge, I. C., Uotila, P., et al. (1993). 
Chenopodiaceae. In K. Kubitzki, J. G. Rohwer, & V. Bittrich (Eds.), Families 
and genera of vascular plants (Vol. 2, pp. 253–281). Berlin: Springer.

Lasso, C. A., Rosa, R. S., Sánchez‑Duarte, P., Morales‑Betancourt, M. A., & 
Agudelo‑Córdoba, E. (2014). IX. Rayas de agua dulce (Potamotrygonidae) 
de Suramérica. Parte I. Colombia, Venezuela, Ecuador, Perú, Brasil, Guyana, 
Surinam y Guayana Francesa: diversidad, bioecología, uso y conservación. 
Serie Editorial Recursos Hidrobiológicos y Pesqueros Continentales de 
Colombia. Bogotá: Instituto de Investigación de los Recursos Biológicos 
Alexander von Humboldt.

Laurenti, J. N. (1768). Specimen medicum, exhibens synopsin reptilium emenda-
tum cum experimentis circa venena et antidota reptilium austriacorum. 
Wien: J T de Trattnern.

Leite, R. N., Kolokotronis, S.‑O., Almeida, F. C., Werneck, F. P., Rogers, D. S., & 
Wesler, M. (2014). In the wake of invasion: Tracing the historical bioge‑
ography of the South American cricetid radiation (Rodentia, Sigmodon‑
tinae). PLoS ONE, 9(6), e100687, 1–12.

Linares, O. J. (2004). Bioestratigrafía de la fauna de mamíferos de las For‑
maciones Socorro, Urumaco y Codore (Mioceno medio‑Plioceno 
temprano) de la región de Urumaco, Falcón, Venezuela. Paleobiología 
Neotropical, 1, 1–26.

Lindholm, W. A. (1929). Revidiertes Verzeichnis der Gattungen der rezenten 
Schildkröten nebst Notizen zur Nomenklatur einiger Arten. Zoologischer 
Anzeiger, 81, 275–295.

Linnaeus, C. (1758). Systema Naturae per regna tria naturae, secundum classes, 
ordines, genera, species; cum characteribus, differentiis, synonymis, locis 
(10th ed.). Stockholm: Larentii Salvii.

Liu, Q., Zhao, N. X., Hao, G., Hu, X. Y., & Liu, Y. X. (2005). Caryopsis morphology of 
the Chloridoideae (Gramineae) and its systematic implications. Botani-
cal Journal of the Linnean Society, 148, 57–72.

Lorente, M. A. (1986). Palynology and palynofacies of the upper Tertiary in Ven-
ezuela. Berlin: Lubrecht & Cramer Ltd.

Lundberg, J. G. (1997). Fishes of the La Venta fauna: Additional taxa, biotic and 
paleoenvironmental implications. In R. F. Kay, R. F. Madden, R. L. Cifelli, 
& J. J. Flynn (Eds.), Vertebrate paleontology in the Neotropics: The Miocene 
Fauna of La Venta Colombia (pp. 67–91). Washington: Smithsonian 
Institution Press.

Lundberg, J. G., & Aguilera, O. (2003). The late Miocene Phractocephalus catfish 
(Siluriformes: Pimelodidae) from Urumaco, Venezuela: Additional speci‑
mens and reinterpretation as a distinct species. Neotropical Ichthyology, 
1(2), 97–109.

Lundberg, J. G., & Littmann, M. W. (2003). Siluriformes: Family Pimelodidae—
Long‑whiskered catfishes. In R. E. Reis, S. O. Kullander, & C. J. Ferraris Jr. 

https://doi.org/10.1186/s13358-020-00211-x


    9  Page 74 of 76 J. D. Carrillo-Briceño et al.

(Eds.), Check list of the freshwater fishes of South and Central America (pp. 
437–452). Porto Alegre: Edipucrs.

Lundberg, J. G., Marshall, L. G., Guerrero, J., Horton, B., Malabarba, M. C., & 
Wesselingh, F. P. (1998). The stage for Neotropical fish diversification: 
A history of tropical South American rivers. In L. Malabarba, R. E. Reis, 
R. P. Vari, C. A. S. de Lucena, & Z. M. S. de Lucena (Eds.), Phylogeny and 
classification of neotropical fishes (pp. 13–48). Porto Alegre: Museu de 
Ciências e Tecnologia.

Lundberg, J. G., & McDade, L. A. (1986). On the South American catfish Brachy-
rhamdia imitator Myers (Siluriformes, Pimelodidae), with phylogenetic 
evidence for a large intrafamilial lineage. Notulae Naturae, 463, 1–24.

Lundberg, J. G., Sabaj Pérez, M. H., Dahdul, W. M., & Aguilera, O. A. (2010). The 
Amazonian Neogene fish fauna. In C. Hoorn & F. P. Wesselingh (Eds.), 
Amazonia: Landscape and species evolution (pp. 281–301). Oxford: 
Blackwell Publishing.

MacFadden, B. J. (2005). Diet and habitat of toxodont megaherbivores (Mam‑
malia, Notoungulata) from the late Quaternary of South and Central 
America. Quaternary Research, 64, 113–124.

Marceniuk, A., & Menezes, N. A. (2007). Systematic of the family Ariidae (Ostari‑
ophysi, Siluriformes), with a redefinition of the genera. Zootaxa, 1416, 
1–126.

Martini, E. (1971). Standard Tertiary and Quaternary calcareous nannoplankton 
zonation. In A. Farinacci (Ed.), Proceedings 2nd international conference 
planktonic microfossils Roma (pp. 739–785). Rome (Tecnosci), Roma.

Martins, M., & Oliveira, M. E. (1999). Natural history of snakes in forests of the 
Manaus region, Central Amazonia, Brazil. Herpetological Natural History, 
6, 78–150.

Mateussi, N. T. B., Oliveira, C., & Pavanelli, C. S. (2018). Taxonomic revision of 
the Cis‑Andean species of Mylossoma Eigenmann & Kennedy, 1903 
(Teleostei: Characiformes: Serrasalmidae). Zootaxa, 4387(2), 275–309.

Mautari, K. C., & Menezes, N. A. (2006). Revision of the South American fresh‑
water fish genus Laemolyta Cope, 1872 (Ostariophysi, Characiformes, 
Anostomidae). Neotropical Ichthyology, 4(1), 27–44.

McArthur, J. M., Howarth, R. J., & Bailey, T. R. (2001). Strontium isotope stratigra‑
phy: LOWESS Version 3: Best fit to the marine Sr‑isotope curve for 0–509 
Ma and accompanying look‑up table for deriving numerical age. The 
Journal of Geology, 109(2), 155–170.

McKenna, M. C. (1975). Towards a phylogenetic classification of the mammalia. 
In W. P. Luckett & F. S. Szalay (Eds.), Phylogeny of primates: A multidiscipli-
nary approach (pp. 21–46). New York: Plenum Press.

McKenna, M. C., & Bell, S. K. (1997). Classification of mammals above the species 
level. New York: Columbia University Press.

Meachen, J. A. (2005). A new species of Hemiauchenia (Artiodactyla, Cameli‑
dae) from the late Blancan of Florida. Bulletin of the Florida Museum of 
Natural History, 45(4), 435–447.

Medem, F. (1955). A new subspecies of Caiman sclerops from Colombia. Fieldi-
ana Zool, 37, 339–343.

Mihaljevic, M., Klug, C., Aguilera, O., Lüthi, T., & Sánchez‑Villagra, M. R. (2010). 
Palaeodiversity of Caribbean echinoids including new material from the 
Venezuelan Neogene. Palaeontologia Electronica, 13, 36.

Mijares‑Urrutia, A., & Arends, A. (2000). Herpetofauna of Estado Falcón, North‑
western Venezuela: A checklist with geographical and ecological data. 
Smithsonian Herpetological Information Service, 123, 1–30.

Ministerio de Energía y Minas, Dirección de Geología. (1997). Léxico estratigrá-
fico de Venezuela (Tercera Edición). Caracas: Boletín de Geología, Publi‑
cación especial N° 12.

Moles, A., Ackerley, D. D., Tweddle, J. C., Dickie, J. B., Smith, R., Leishman, M. R., 
et al. (2007). Global patterns in seed size. Global Ecology and Biogeogra-
phy, 16, 109–116.

Mora, A., Baby, P., Roddaz, M., Parra, M., Brusset, S., Hermoza, W., et al. (2010). 
Tectonic history of the Andes and Sub‑Andean Zones: Implications 
for the development of the Amazon Drainage Basin. In C. Hoorn & F. 
P. Wesselingh (Eds.), Amazonia: Landscape and species evolution (pp. 
38–60). Oxford: Blackwell Publishing.

Moreno, F., Hendy, A. J. W., Quiroz, L., Hoyos, N., Jones, D. S., Zapata, V., et al. 
(2015). Revised stratigraphy of Neogene strata in the Cocinetas Basin, 
La Guajira, Colombia. Swiss Journal of Palaeontology, 134(1), 5–43.

Moreno‑Bernal, J. W., Head, J., & Jaramillo, C. A. (2016). Fossil Crocodilians from 
the high Guajira Peninsula of Colombia: Neogene faunal change in 
northernmost South America. Journal of Vertebrate Paleontology, 36(3), 
e1110586.

Müller, J., & Troschel, F. H. (1849). Horae Ichthyologicae. Beschreibung und 
Abbildung neuer Fische. Horae Ichthyol, 3, 1–27.

Murphy, J. C., & Henderson, R. W. (1997). Tales of giant snakes: A historical natural 
history of Anacondas and Pythons. Malabar, Florida: Krieger Publishing.

Myers, G. S. (1950). Studies on South American fresh‑water fishes. II. The genera 
of anostomine characids. Stanford Ichthyological Bulletin, 3, 184–198.

Nasif, N., Esteban, G. I., & Ortiz, P. E. (2009). Novedoso hallazgo de egagrópilas 
en el Mioceno tardío, Formación Andalhuala, provincia de Catamarca, 
Argentina. Serie Temas de Paleontología I - Correlación Geológica, 25, 
105–114.

Nopcsa, F. (1923). Eidolosaurus und Pachyophis. Zwei neue Neocom‑Reptilien. 
Palaeontographica, 65, 99–154.

Norell, M. A. (1988). Cladistic approaches to paleobiology as applied to the 
phylogeny of alligatorids. (Ph.D. Dissertation, Yale University), 272.

Nydam, R. L., Eaton, J. G., & Sankey, J. (2007). New taxa of transversely‑toothed 
lizards (Squamata: Scincomorpha) and new information on the evolu‑
tionary history of “teiids.” Journal of Paleontology, 81, 538–549.

Oken, L. (1816). Lehrbuch der Naturgeschichte. Dritter Theil. Zoologie. Zweite 
Abtheilung. Fleischthiere. Jena: August Schmid und Co.

Onary, S., Rincón, A. D., & Hsiou, A. S. (2018). Fossil snakes (Squamata, 
Serpentes) from the tar pits of Venezuela: Taxonomic, palaeoenviron‑
mental, and palaeobiogeographical implications for the North of South 
America during the Cenozoic/Quaternary boundary. PeerJ, 6, e5402.

Oppel, M. (1811a). Suite du 1er. mémoire sur la classification des reptiles. Ord. 
II. Squammata mihi. Sect. II. Ophidii. Ord. III. Ophidii, Brongniart. Annales 
du Muséum d’Histoire Naturelle, Paris, 16, 376–393.

Oppel, M. (1811b). Die Ordnungen, Familien und Gatt ungen der Reptilien als 
Prodrom einer Naturgeschichte derselben. München: Joseph Lindauer.

Owen, R. (1837). Teeth. In R. B. Todd (Ed.), The cyclopaedia of anatomy and physi-
ology (Vol. 4, pp. 864–965). London: Sherwood, Gilbert and Piper.

Owen, R. (1842). Description of the skeleton of an extinct gigantic sloth, Mylodon 
robustus, Owen, with observations on the osteology, natural affinities, and 
probable habits of the megatherioid quadruped in general, Owen, with 
observations on the osteology, natural affinities, and probable habits of the 
megatherioid quadruped in general. London: R. & J. Taylor.

Owen, R. (1848). Description of teeth and portions of jaws of two extinct 
anthracotheroid quadrupeds (Hyopotamus vectianus and H. bovinus) 
discovered by marchioness of Hastings in the Eocene deposits of the 
N.W. coast of the Isle of Wight: With an attempt to. Quarterly Journal of 
the Geological Society of London, 4, 104–141.

Parada, A., Pardiñas, U. F. J., Salazar‑Bravo, J., D’Elía, G., & Palma, R. E. (2013). 
Dating an impressive Neotropical radiation: Molecular time estimates 
for the Sigmodontinae (Rodentia) provide insights into its historical 
biogeography. Molecular Phylogenetics and Evolution, 66(3), 960–968.

Pardiñas, U. F. J., D’Elía, G., & Ortiz, P. E. (2002). Sigmodontinos fósiles (Rodentia, 
Muroidea, Sigmodontinae) de América del Sur: Estado actual de su 
conocimiento y prospectiva. Mastozoologia Neotropical, 9(2), 209–252.

Pardiñas, U. F., & Tonni, E. P. (2014). Procedencia Estratigráfica y Edad de los 
Más Antiguos Muroideos (Mammalia, Rodentia) de América del Sur. 
Ameghiniana, 35(4), 473–475.

Perez, A., & Taphorn, D. (1993). Relaciones zoogeográficas de las ictiofaunas 
de las cuencas del rio Magdalena y Lago de Maracaibo. Biollania, 9, 
95–105.

Pérez, M. E., Vallejo‑Pareja, M. C., Carrillo, J. D., & Jaramillo, C. (2017). A New 
Pliocene Capybara (Rodentia, Caviidae) from Northern South America 
(Guajira, Colombia), and its implications for the Great American Biotic 
Interchange. Journal of Mammalian Evolution, 24(1), 111–125.

Pérez‑Consuegra, N., Parra, M., Jaramillo, C., Silvestro, D., Echeverri, S., Montes, 
C., et al. (2018). Provenance analysis of the Pliocene Ware Formation in 
the Guajira Peninsula, northern Colombia: Paleodrainage implications. 
Journal of South American Earth Sciences, 81, 66–77.

Prevosti, F. J., & Forasiepi, A. M. (2018). Evolution of South American mammalian 
predators during the Cenozoic: Paleobiogeographic and paleoenvironmen-
tal contingencies. Cham: Springer.

Prevosti, F. J., & Pardiñas, U. F. J. (2009). Comment on “The oldest South Ameri‑
can Cricetidae (Rodentia) and Mustelidae (Carnivora): Late Miocene 
faunal turnover in central Argentina and the Great American Biotic 
Interchange” by D. H. Verzi and C. I. Montalvo [Palaeogeogr. Palaeocli‑
matol. Palaeoecol., 267 (2008) 284–291]. Palaeogeography, Palaeoclima-
tology, Palaeoecology, 280, 543–547.



Page 75 of 76     9 A Pliocene–Pleistocene biota from Venezuela

Pujos, F., Albino, A. M., Baby, P., & Guyot, J.‑L. (2009). Presence of the extinct 
lizard Paradracaena (Teiidae) in the middle Miocene of the Peruvian 
Amazon. Journal of Vertebrate Paleontology, 29, 594–598.

Quiroz, L., & Jaramillo, C. (2010). Stratigraphy and sedimentary environments 
of Miocene shallow to marginal marine deposits in the Urumaco 
Trough, Falcon Basin, western Venezuela. In M. R. Sánchez‑Villagra, O. A. 
Aguilera, & F. Carlini (Eds.), Urumaco and Venezuelan paleontology (pp. 
153–172). Bloomington: Indiana Press University.

R Core Team. (2019). R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. https:// www.R‑ 
proje ct. org/.

Rafinesque, C. S. (1815). Analyse de la nature: or, Tableau de l’univers et des 
corps organisés. Palerme, Aux dépens de l’auteur.

Rage, J.‑C. (1984). Serpentes. In P. Wellnhofer (Ed.), Encyclopedia of paleoherpe-
tology. Stuttgart: Gustav Fischer.

Rage, J.‑C. (1998). Fossil snakes from the Palaeocene of São José de Itaboraí, 
Brazil. Part I. Madtsoiidae, Aniliidae. Palaeovertebrata, 27, 109–144.

Rage, J.‑C. (2001). Fossil snakes from the Paleocene of São José de Itaboraí, 
Brazil. Part II. Boidae. Palaeovertebrata, 30, 111–150.

Ramirez, J. L., Birindelli, J. L. O., & Galetti, P. M. (2017). A new genus of Anostomi‑
dae (Ostariophysi: Characiformes): Diversity, phylogeny and bioge‑
ography based on cytogenetic, molecular and morphological data. 
Molecular Phylogenetics and Evolution, 107, 308–323.

Rasia, L. L., & Candela, A. M. (2018). Reappraisal of the giant caviomorph rodent 
Phoberomys burmeisteri (Ameghino, 1886) from the late Miocene of 
northeastern Argentina, and the phylogeny and diversity of Neoepi‑
blemidae. Historical Biology, 30(4), 486–495.

Reguero, M. A., & Candela, A. M. (2011). Late Cenozoic mammals from the 
northwest of Argentina. Cenozoic Geology of the Central Andes of Argen-
tina, 458, 411–426.

Reig, O. A. (1978). Roedores cricétidos del Plioceno superior de la província de 
Buenos Aires (Argentina). Publicaciones del Museo Municipal de Mar Del 
Plata, 1, 1–162.

Renvoisé, E., & Michon, F. (2014). An Evo‑Devo perspective on ever‑growing 
teeth in mammals and dental stem cell maintenance. Frontiers in 
Physiology, 5(324), 1–12.

Rey, O. (1990). Análisis comparativo y correlación de las formaciones Codore 
y La Vela, estado Falcón. (Master Dissertation, Universidad Central de 
Venezuela), 162.

Reynolds, R. G., & Henderson, R. W. (2018). Boas of the world (Superfamily 
Booidae): A checklist with systematic, taxonomic, and conservation 
assessments. Bulletin of the Museum of Comparative Zoology, 162, 1–58.

Rincón, A. D., McDonald, H. G., Solórzano, A., Flores, M. N., & Ruiz‑Ramoni, D. 
(2015). A new enigmatic Late Miocene mylodontoid sloth from north‑
ern South America. Royal Society Open Science, 2, 140256.

Rincón, A. D., Parra, G. E., Prevosti, F. J., Alberdi, M. T., & Bell, C. J. (2009). A 
preliminary assessment of the mammalian fauna from the Pliocene–
Pleistocene El Breal de Orocual locality, Monagas State, Venezuela. In B. 
Albright (Ed.), Papers on geology, vertebrate paleontology and biostratig-
raphy, in honor of Mike O. Woodburne (Vol. 65, p. 593–620), Bulletin of the 
Museum of Northern Arizona.

Robertson, J. S. (1976). Latest Pliocene mammals from Haile XV A, Alachua 
County, Florida. Bulletin of the Florida State Museum, Biological Sciences, 
20(3), 111–186.

Rodríguez, G. (1997). Trichodactylid Crabs. In R. F. Kay, R. F. Madden, R. L. Cifelli, 
& J. J. Flynn (Eds.), Vertebrate paleontology in the Neotropics: The Miocene 
Fauna of La Venta Colombia (pp. 63–66). Washington: Smithsonian 
Institution Press.

Rodríguez‑Olarte, D., Taphorn, D. C., & Lobón‑Cerviá, J. (2009). Patterns of fresh‑
water fishes of the Caribbean versant of Venezuela. International Review 
of Hydrobiology, 94(1), 67–90.

Rose, K. D. (2006). The beginning of the age of mammals. Baltimore: The Johns 
Hopkins University Press.

Roth, S. (1903). Los ungulados sudamericanos. Anales Del Museo de La Plata, 5, 
1–36.

Salisbury, S. W., & Frey, E. (2001). A biomechanical transformation model for the 
evolution of semi‑spheroidal articulations between adjoining vertebral 
bodies in crocodilians. In G. C. Grigg, F. Seebacher, & C. E. Franklin (Eds.), 
Crocodilian biology and evolution (pp. 85–134). Chipping Norton, NSW: 
Surrey Beatty & Sons.

Sánchez‑Villagra, M. R., Aguilera, O. A., & Carlini, F. (2010). Urumaco and Ven-
ezuelan paleontology. Bloomington: Indiana Press University.

Sánchez‑Villagra, M. R., Aguilera, O., & Horovitz, I. (2003). The anatomy of the 
world’s largest extinct rodent. Science, 301(5640), 1708–1710.

Schaefer, H., & Renner, S. S. (2010). Cucurbitaceae. In K. Kubitzki (Ed.), Flowering 
plants. Eudicots. The Families and genera of vascular plants (Vol. 10, pp. 
112–174). Berlin: Springer.

Schargel, W. E., Rivas Fuenmayor, G., Barros, T. R., Péfaur, J. E., & Navarrete, L. 
F. (2007). A new aquatic snake (Colubridae: Pseudoeryx) from the Lake 
Maracaibo Basin, Northwestern Venezuela: A relic of the past course 
of the Orinoco River. Herpetologica, 63(2), 236–244.

Scheyer, T. M., Aguilera, O. A., Delfino, M., Fortier, D. C., Carlini, A. A., Sánchez, 
R., et al. (2013). Crocodylian diversity peak and extinction in the late 
Cenozoic of the northern Neotropics. Nature Communications, 4, 
1907.

Scheyer, T. M., & Delfino, M. (2016). The Late Miocene caimanine fauna 
(Crocodylia: Alligatoroidea) of the Urumaco Formation, Venezuela. 
Palaeontologia Electronica, 19(3.48A), 1–57. https:// doi. org/ 10. 26879/ 
657.

Scheyer, T. M., Hutchinson, J. R., Strauss, O., Delfino, M., Carrillo‑Briceño, J. D., 
Sánchez, R., et al. (2019). Giant extinct caiman breaks constraint on the 
axial skeleton of extant crocodylians. eLife, 8, e49972. https:// doi. org/ 10. 
7554/ eLife. 49972.

Schmidt, W. J. (1914). Studien am Integument der Reptilien. VI. Über die Kno‑
chenschuppen der Crocodile. Zoologische Jahrbücher, 38, 643–666.

Scholz, S. R., Petersen, S. V., Escobar, J., Jaramillo, C., Hendy, A. J. W., Allmon, W. 
D., et al. (2020). Isotope sclerochronology indicates enhanced seasonal 
precipitation in northern South America (Colombia) during the Mid‑
Miocene Climatic Optimum. Geology, 48(7), 668–672.

Schultz, L. P. (1944). The fishes of the family Characinidae from Venezuela, with 
descriptions of seventeen new forms. Proceedings of the United States 
National Museum, 95(3181), 235–367.

Scillato‑Yané, G. J., Carlini, A. A., Tonni, E. P., & Noriega, J. I. (2005). Paleobiogeog‑
raphy of the late Pleistocene pampatheres of South America. Journal of 
South American Earth Sciences, 20(1), 131–138.

Shackleton, N. J., & Crowhurst, S. (1997). Sediment fluxes based on an orbitally 
tuned time scale 5 Ma to 14 Ma, Site 926. Proceedings of the Ocean Drill-
ing Program, Scientific results, 154, 69–82.

Sidlauskas, B. L., & Vari, R. P. (2008). Phylogenetic relationships within the South 
American fish family Anostomidae (Teleostei, Ostariophysi, Characi‑
formes). Zoological Journal of the Linnean Society, 154(1), 70–210.

Simpson, G. G. (1930). Holmesina septentrionalis, extinct giant armadillo of 
Florida. American Museum Novitates, 442, 1–10.

Smith, C. J., Collins, L. S., Jaramillo, C., & Quiroz, L. (2010). Marine paleoenviron‑
ment of Miocene–Pliocene formations of north‑central Falcón state, 
Venezuela. Journal of Foraminiferal Research, 40(3), 266–282.

Smith, K. T. (2013). New constraints on the evolution of the snake clades 
Ungaliophiinae, Loxocemidae and Colubridae (Serpentes), with com‑
ments on the fossil history of erycine boids in North America. Zoologis-
cher Anzeiger, 252, 157–182.

Smith, K. T. & Georgalis, G. L. (In press). The diversity and distribution of Palaeo‑
gene snakes: A review, with comments on vertebral sufficiency. In D. 
Gower, & H. Zaher (Eds.), A contribution to the origin and early evolution of 
snakes. London: Linnean Society.

Solórzano, A., Rincón, A. D., & McDonald, H. G. (2015). A new mammal 
assemblage from the late Pleistocene El Breal de Orocual, northeast 
of Venezuela. Science series. In J. M. Harris (Ed.), La Brea and beyond: 
The paleontology of Asphalt-preserved biotas (Vol. 42, pp. 125–150). Los 
Angeles: Natural History Museum of Los Angeles County.

Sousa, L. M., & Birindelli, J. L. O. (2011). Taxonomic revision of the Genus Scorpi-
odoras (Siluriformes, Doradidae) with Resurrection of Scorpiodoras cal-
deronensis and description of a new species. Copeia, 2011(1), 121–140.

Spix, J. B., & Agassiz, L. (1829). Selecta genera et species Piscium quos in itinere 
per Brazilian annis 1817–1820; Peracto et pigendus curavit Dr. J.B. de 
Spix…Digessit descripsit et observationibus anatomicis illustravit Dr. L. 
Agassiz. [Memoriae J.B. de Spix]. Munich: Typis C. Wolf.

Stainforth, R. M. (1962). Definitions of some new stratigraphic units in Western 
Venezuela: Las Pilas, Cocuiza, Vergel, El Jebe, Tres Esquinas and Nazaret. 
Asociación Venezolana de Geología, Minería y Petróleo, Boletín informativo, 
5(10), 279–282.

https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.26879/657
https://doi.org/10.26879/657
https://doi.org/10.7554/eLife.49972
https://doi.org/10.7554/eLife.49972


    9  Page 76 of 76 J. D. Carrillo-Briceño et al.

Swainson, W. (1838). The natural history and classification of fishes, amphibians, 
& reptiles, or monocardian animals. London: Longman, Orme, Brown, 
Green & Longmans, and John Taylor.

Szyndlar, Z. (2012). Early Oligocene to Pliocene Colubridae of Europe: A review. 
Bulletin de la Société Géologique de France, 183, 661–681.

Szyndlar, Z., & Rage, J.‑C. (2003). Non-erycine Booidea from the Oligocene and 
Miocene of Europe, Kraków, Institute of Systematics and Evolution of 
Animals. Kraków: Polish Academy of Sciences.

Tapaltsyan, V., Eronen, J. T., Lawing, A. M., Sharir, A., Janis, C., et al. (2015). Con‑
tinuously growing rodent molars result from a predictable quantitative 
evolutionary change over 50 million years. Cell Reports, 11(5), 673–680.

Thomas, F. C., & Murney, M. G. (1985). Techniques for extraction of Foraminifers 
and Ostracodes from sediment samples. Canadian Technical Report of 
Hydrograph and Ocean Science, 54, 1–24.

Thompson, A. W., Betancur‑R, R., López‑Fernández, H., & Ortí, G. (2014). A 
time‑calibrated, multi‑locus phylogeny of piranhas and pacus (Char‑
aciformes: Serrasalmidae) and a comparison of species tree methods. 
Molecular Phylogenetics and Evolution, 81, 242–257.

Townsend, C. C. (1993). Amaranthaceae. In K. Kubitzki, J. G. Rohwer, & V. Bittrich 
(Eds.), Flowering plants. Dicotyledons. The families and genera of vascular 
plants (Vol. 2, pp. 70–91). Berlin: Springer.

Traverse, A. (2007). Paleopalynology (2nd ed.). Dordrecht: Springer.
Trebbau, P., & Pritchard, P. (2016). Venezuela y sus Tortugas. Caracas: Oscar 

Todtmann editores.
Trouessart, E. L. (1898). Catalogus mammalium tam viventium quam fossilium: 

nova editio (prima completa). Tomus II. Berolini: R. Friedländer & Sohn.
Tullberg, T. (1899). Ueber das System der Nagethiere, eine phylogenetische 

Studie. Nova Acta Regiae Societatis Scientiarum Upsalensis, 3(18) (2, 
Sectio Medica et Historiae Naturalis), 1–514.

Turvey, S. T., Almonte, J., Hansford, J., Scofield, R. P., Brocca, J. L., & Chapman, S. 
D. (2017). A new species of extinct late Quaternary giant tortoise from 
Hispaniola. Zootaxa, 4277(1), 001–016.

Utsunomia, R., Pansonato‑Alves, J. C., Costa‑Silva, G. J., Mendonça, F. F., Scac‑
chetti, P. C., Oliveira, C., et al. (2014). Molecular and cytogenetic analyses 
of cryptic species within the Synbranchus marmoratus Bloch, 1795 
(Synbranchiformes: Synbranchidae) grouping: Species delimitations, 
karyotypic evolution and intraspecific diversification. Neotropical Ichthy-
ology, 12(4), 903–911.

Valenciennes, A. (1847). Histoire naturelle des poisons. Tome vingtième. Livre 
vingt et unième. De la famille des Clupéoïdes. In G. Cuvier & A. Valenci‑
ennes (Eds.), Histoire naturelle des poissons (pp. 1–472). Paris: Bertrand.

Vallone, E. R., Vezzosi, R. I., & Cione, A. L. (2017). First fossil fish (Teleostei, 
Siluriformes) from the late Pleistocene of Santa Fe Province, Argentina. 
Alcheringa: An Australasian Journal of Palaeontology, 41(3), 369–377.

Van der Laan, R. (2018). Family‑group names of fossil fishes. European Journal of 
Taxonomy, 466, 1–167.

van der Sleen, P., & Albert, J. S. (2018). Field guide to the fishes of the Amazon, 
Orinoco, and Guianas. Princenton: Princenton University Press.

van Morkhoven, F. P. C. M., Berggren, W. A., & Edwards, A. S. (1986). Cenozoic 
cosmopolitan deep‑water benthic Foraminifera. Bulletin des centres de 
recherches Exploration-production Elf-Aquitaine Mémoire, 11, 1–421.

Vargas‑Ramírez, M., Caballero, S., Morales‑Betancourt, M. A., & Lasso, C. 
A. (2020). Genomic analyses reveal two species of the matamata 
(Testudines: Chelidae: Chelus spp.) and clarify their phylogeography. 
Molecular Phylogenetics and Evolution, 148, 106823.

Vera, B., Reguero, M., & González‑Ruiz, L. (2017). The interatheriinae notoun‑
gulates from the middle Miocene Collón Curá formation in Argentina. 
Acta Palaeontologica Polonica, 62(4), 845–863.

Verzi, D. H., & Montalvo, C. I. (2008). The oldest South American Cricetidae 
(Rodentia) and Mustelidae (Carnivora): Late Miocene faunal turnover in 
Central Argentina and the Great American Biotic Interchange. Palaeoge-
ography, Palaeoclimatology, Palaeoecology, 267, 284–291.

Vidal, N., Rage, J.‑C., Couloux, A., & Hedges, S. B. (2009). Snakes (Serpentes). In S. 
B. Hedges & S. Kumar (Eds.), The time tree of life (pp. 390–397). New York: 
Oxford University Press.

von Zittel, K. A. (1893). Handbuch der Palaeontologie, Abteilung I, Palaeozoologie, 
Band IV, Vertebrata (Mammalia). München: R. Oldenbourg.

Vucetich, M. G., Carlini, A. A., Aguilera, O., & Sánchez‑Villagra, M. R. (2010). The 
tropics as reservoir of otherwise extinct mammals: The case of rodents 
from a New Pliocene Faunal assemblage from northern Venezuela. 
Journal of Mammalian Evolution, 17(4), 265–273.

Vucetich, M. G., Deschamps, C. M., Olivares, A. I., & Dozo, M. T. (2005). Capyba‑
ras, size, shape, and time: A model kit. Acta Palaeontologica Polonica, 50, 
259–272.

Vucetich, M. G., Deschamps, C. M., & Pérez, M. E. (2012). Paleontology, evolu‑
tion, and systematics of Capybara. In J. R. Moreira, K. M. P. B. M. Ferraz, 
H. A. Herrera, & D. W. Macdonald (Eds.), Capybara: Biology, use, and 
conservation of an exceptional neotropical species (pp. 39–59). New York: 
Springer Science and Business Media.

Vucetich, M. G., Deschamps, C. M., & Pérez, M. E. (2015). The first capybaras 
(Rodentia, Caviidae, Hydrochoerinae) involved in the great American 
Biotic Interchange. Ameghiniana, 52(3), 324–333.

Vucetich, M. G., Deschamps, C. M., Pérez, M. E., & Montalvo, C. I. (2014). The 
taxonomic status of the Pliocene capybaras (Rodentia) Phugatherium 
Ameghino and Chapalmatherium Ameghino. Ameghiniana, 51(3), 
173–183.

Wagler, J. G. (1830). Natürliches system der Amphibien, mit vorangehender classi-
fication der Säugethiere und Vögel: Ein Beitrag zur vergleichenden Zoologie. 
München: J.G. Cotta’scchen Buchhandlung.

Wallach, V., Williams, K. L., & Boundy, J. (2014). Snakes of the world: A catalogue of 
living and extinct species. Boca Raton: CRC Press.

Walsh, S., & Sánchez, R. (2008). The first Cenozoic fossil bird from Venezuela. 
Paläontologische Zeitschrift, 82(2), 105–112.

Waterhouse, G. E. (1839). Observations on the Rodentia, with a view to point 
out the groups, as indicated by the structure of the crania in this order 
of mammals. Magazine of Natural History, 30, 90–96.

Weber, M. (1928). Die Säugetiere. Einführung in die Anatomie und Systematik der 
recenten und fossilen Mammalia. Jena: G. Fischer.

Wells, K. D. (2007). The ecology and behavior of amphibians. Chicago: The 
University of Chicago Press.

Winterbottom, R. (1980). Systematics, osteology and phylogenetic relation‑
ships of fishes of the ostariophysan subfamily Anostominae (Chara‑
coidei, Anostomidae). Life Sciences Contributions: Royal Ontario Museum, 
123, 1–112.

Wood, A. E. (1955). A revised classification of the rodents. Journal of Mammal-
ogy, 36, 165–187.

Woodburne, M. O. (2010). The Great American Biotic Interchange: Dispersals, 
tectonics, climate, sea level and holding pens. Journal of Mammalian 
Evolution, 17(4), 245–264.

Wyss, A. R., Flynn, J. J., & Croft, D. A. (2018). New Paleogene Notohippids and 
Leontiniids (Toxodontia; Notoungulata; Mammalia) from the Early 
Oligocene Tinguiririca Fauna of the Andean Main Range, Central Chile. 
American Museum Novitates, 3903, 1–42.

Zaher, H., Grazziotin, F. G., Cadle, J. E., Murphy, R. W., Cesar de Moura‑Leite, 
J., & Bonatto, S. L. (2009). Molecular phylogeny of advanced snakes 
(Serpentes, Caenophidia) with an emphasis on South American xeno‑
dontines: A revised classification and descriptions of new taxa. Papéis 
Avulsos de Zoologia, 49, 115–153.

Zurita, A. E., Carlini, A. A., Gillette, D., & Sánchez, R. (2011). Late Pliocene Glyp‑
todontinae (Xenarthra, Cingulata, Glyptodontidae) of South and North 
America: Morphology and paleobiogeographical implications in the 
GABI. Journal of South American Earth Sciences, 31(2), 178–185.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	A Pliocene–Pleistocene continental biota from Venezuela
	Abstract 
	Introduction
	Geological and stratigraphical settings
	Materials and methods
	Dating of the San Gregorio Formation
	Results
	Dating of the San Gregorio Formation
	Paleodiversity and taxonomy

	Generic richness and sampling completeness
	Paleobotanical remains
	Discussion
	Age of the San Gregorio Formation
	Paleodiversity and biostratigraphic affinities
	Paleoenvironments
	Conclusions
	Acknowledgements
	References


