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Abstract

The crocodylomorph fauna of the Cenozoic of South America is one of the richest and most diverse in the world. The most 
diverse group within that fauna is Alligatoroidea, with nearly all of its species belonging to the Caimaninae clade. Many 
of the fossil alligatoroid species from the Cenozoic of South America were proposed based on very incomplete remains, 
and as a result their validity requires revision. Two such species are Balanerodus logimus Langston, 1965, from the 
middle Miocene of Colombia and Peru, and Caiman venezuelensis Fortier & Rincón, 2012, from the Pliocene-Pleistocene 
of Venezuela. This study has performed a thorough review of the taxonomic status of these two alligatoroid species, 
concluding that B. logimus is a nomen dubium and that Ca. venezuelensis is a junior synonym of the extant species Ca. 
crocodilus. This review offers a significantly more accurate scenario for alligatoroid diversity in the Cenozoic of South 
America in different epochs such as the Miocene and Pleistocene. Additionally, the record of Ca. crocodilus from the 
Pleistocene of Venezuela is the first fossil record that can be assigned to this species. 
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Introduction

All extant crocodylomorphs belong to the crown-group Crocodylia, which is phylogenetically defined as the clade 
formed by the most recent common ancestor of Alligator mississippiensis (Daudin, 1802), Crocodylus niloticus 
Laurenti, 1768, and Gavialis gangeticus (Gmelin, 1789) and all of its descendants. Crocodylia is divided into three 
main groups: Alligatoroidea Gray, 1844 (sensu Brochu, 2003), which assembles all crocodylians closer to A. mis-
sissippiensis (Daudin, 1802) than to Cr. niloticus Laurenti, 1768 or G. gangeticus (Gmelin, 1789); Crocodyloidea 
Fitzinger, 1826 (sensu Brochu, 2003) which includes all crocodylians closer to Cr. niloticus than to A. mississip-
piensis or G. gangeticus; and Gavialoidea Hay, 1930 (sensu Brochu, 2003), which includes all crocodylians closer 
to G. gangeticus than to A. mississippiensis and Cr. niloticus.
 Specifically, Alligatoroidea is a clade whose most ancient fossil records are from the Late Cretaceous of North 
America (Brochu, 1999, 2003, 2011). The group had a significant radiation in the Cenozoic, being very abundant 
in the Americas but also with significant records in Europe, represented by Arambourgia, Diplocynodon and Has-
siacosuchus, and in Asia, through genera such as Alligator, Krabisuchus and Protoalligator (Stefano, 1905; Weitzel, 
1935; Brochu, 1999; Martin, 2010; Martin & Lauprassert, 2010; Martin et al., 2014; Skutschas et al., 2014; Wang 
et al., 2016). Phylogenetically, Alligatoroidea is divided into two main clades: all alligatoroids closer to Caiman 
crocodilus (Linnaeus, 1758) than to Alligator mississippiensis form the predominantly South American Caimaninae 
Brochu, 1999 (sensu Brochu, 2003), while those closer to A. mississippiensis than to Ca. crocodilus form the pre-
dominantly North American Alligatorinae Kälin, 1940 (sensu Brochu, 2003).  
 Caimanine alligatoroids comprise six out of the eight crocodylian species that inhabit South America today and also 
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include the majority of the fossil species from the crocodylomorph fauna of the Cenozoic of South America (see Cidade et 
al., 2019 for a review). The oldest unequivocal records of caimanines are from the Paleocene of South America (see Bro-
chu, 2011; Bona et al., 2018). The ancestor of the earliest South American caimanines has likely come from North America, 
dispersing between the Late Cretaceous and the Paleocene (Brochu, 1999, 2010, 2011; Cidade et al., 2017, 2019).
 Most of the alligatoroid fossil species recorded from South America were assigned to Caimaninae (Brochu, 
1999, 2010, 2011; Riff et al., 2010; Bona et al., 2013, 2018; Cidade et al., 2019). The only fossil alligatoroid from 
South America not assigned to Caimaninae is Balanerodus logimus, a taxon described by Langston (1965) based an 
isolated globular tooth (UCMP-45787, holotype), along with 118 isolated globular teeth, all from the middle Mio-
cene Honda Group of Colombia. Langston (1965) originally assigned this species to “Alligatoridae incertae sedis”. 
In later publications, additional material was assigned to this species: a fragment of a right maxilla with two teeth 
from the Honda Group (Langston & Gasparini, 1997) and an isolated tooth from the middle Miocene Fitzcarrald 
Arch of Peru (Salas-Gismondi et al., 2007). However, neither of these studies offered a classification for a higher 
taxonomic level for Balanerodus logimus. The notably fragmented nature of all the fossil material attributed to this 
species has made its validity questionable (e.g. Salas-Gismondi et al., 2015), with it even being described as “enig-
matic” (Langston & Gasparini, 1997). However, no formal taxonomic review of Balanerodus logimus has been 
performed, which will be presented in this paper.
 An analogous situation (a fossil taxon with only very fragmented fossils being assigned to it) is seen in another  
alligatoroid taxon from the Cenozoic of South America: Caiman venezuelensis, from the Pliocene–Pleistocene “El 
Breal de Orocual” asphalt deposit from the Mesa Formation of Venezuela. Ca. venezuelensis was described by 
Fortier & Rincón (2012) based only on an incomplete left maxilla (OR-1677). Beyond the very fragmented nature 
of the holotype and only known specimen, Ca. venezuelensis exhibits some resemblances to the extant species Ca. 
crocodilus, as already pointed out by Fortier & Rincón (2012) and Escobedo-Galván et al. (2015). Considering 
these facts, a taxonomic review on the validity of this species is necessary and is being presented in this work. 
 The objective of this paper is to perform a detailed taxonomic review on the validity of the species Balanarodus 
logimus and Caiman venezuelensis. This study serves as a first step for future assessments that aim to address the 
evolution and paleoecology of the Crocodylomorph fauna of the Cenozoic of South America. In addition, this paper 
provides a broader and more precise view about the taxonomic content of the Crocodylomorph fauna during the 
Miocene and Pleistocene epochs.
 Institutional abbreviations: AMNH, American Museum of Natural History, New York; FMNH, Field Mu-
seum of Natural History, Chicago; MACN, Museo Argentino de Ciéncias Naturales, Buenos Aires; MCT, Museu de 
Ciências da Terra, Rio de Janeiro; MN, Museu Nacional, Rio de Janeiro; MUSM, Natural History Museum of San 
Marcos University, Lima; IVIC, Instituto Venezolano de Investigaciones Científicas, San António de los Altos; OR, 
‘El Breal de Orocual’ collection of the Instituto Venezolano de Investigaciones Científicas, San António de los Al-
tos; UCMP, University of California Museum of Paleontology, Berkeley; USNM, United States National Museum, 
Washington; YPM PU, Yale Peabody Museum of Natural History, New Haven. 

Materials and Methods

Aside from the holotypes of the two species reviewed by this paper, several specimens of other alligatoroid fos-
sil species and of the extant caimanine species– Caiman crocodilus, Ca. latirostris (Daudin, 1802), Ca. yacare 
(Daudin, 1802), Melanosuchus niger (Spix, 1825), Paleosuchus palpebrosus (Cuvier, 1807) and P. trigonatus (Sch-
neider, 1801) – were analysed as comparative material for characters of systematic and taxonomic relevance. The 
specimens analysed for each species are as follows:

Allognathosuchus wartheni Case, 1925: YPM-PU-16989.
Brachychampsa montana Gilmore, 1911: AMNH-5032, holotype.
Caiman crocodilus apaporiensis Medem, 1955: FMNH-69812, holotype; FMNH-69813, FMNH-69817, FMNH-69819, FMNH-

69821, FMNH-69824, FMNH-69825, FMNH-69828, FMNH-69831, FMNH-69832 (all paratypes).
Caiman crocodilus (excluding Ca. crocodilus apaporiensis): AMNH-R-43291, AMNH-R-73048, AMNH-R-137179, FMNH-

69842, FMNH-69854, FMNH-69855, FMNH-69865, FMNH-73700 MCT-148-RR, MCT-155-RR, MCT-300-RR, MN-67, 
MN-1030, MN-1031, MN-25188, MN-25461.

Caiman latirostris: AMNH-R-28367, AMNH-R-143183, MACN-30566, MACN-30567, MACN-30572, MACN-30610, 
MACN-30612, MCT-156-RR, MCT-157-RR, MN-69, MN-1041, MN-1254, MN-1255, MN-1257, MN-1455, MN-2078, 
MN-2333, MN-9756, MN-11254, MN-2395, MN-24588.

Caiman wannlangstoni Salas-Gismondi et al., 2015: MUSM-2377, holotype.
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Caiman yacare: AMNH-R-97305, MACN-30540, MACN-30542, MACN-30558, MACN-30593, MACN-30595, MACN-
30601, MACN-30602, MACN-30637, MACN-8267, MN-68, MN-1259, MN-9755, MN-12127. 

Kuttanacaiman iquitosensis Salas-Gismondi et al., 2015: MUSM-1942.
Melanosuchus niger: AMNH-R-58130, MCT-286-RR, MN-61, MN-63, MN-64, MN-66, MN-81, MN-3174.
 Paleosuchus palpebrosus: AMNH-R-137170, AMNH-R-137174, AMNH-R-145071, AMNH-R-93812, AMNH-R-97326, 

FMNH-69874, MCT-269-RR, MCT-291-RR, MN-317, MN-2356. 
Paleosuchus trigonatus: AMNH-R-58136, AMNH-R-66391, AMNH-R-129259; AMNH-R-129260, MN-65, MN-2491, MN-

9757, USNM-234047.
Procaimanoidea utahensis Gilmore, 1946: USNM-15996, holotype; USNM-15997, paratype.

SYSTEMATIC PALEONTOLOGY

CROCODYLIA GMELIN, 1789, SENSU BENTON & CLARK 1988

ALLIGATOROIDEA GRAY, 1844 (SENSU NORELL ET AL. 1994)

ALLIGATOROIDEA INDET.

Material: UCMP-45787 (holotype of Balanerodus logimus)

Occurrence: Honda Group, middle Miocene of Colombia

Description and Comparisons 

The holotype of Balanerodus logimus is an isolated tooth crown with a globular shape and marked longitudinal 
crenulations (Langston, 1965; Fig. 1–A). Upon proposing B. logimus as a distinct species, Langston (1965) recog-
nized that the holotype tooth and the 118 associated teeth resembled the alligatoroid Allognathosuchus Mook, 1921 
and the then crocodylid Bottosaurus Agassiz, 1849 (currently recognized as an alligatoroid, see Cossette & Brochu, 
2018). However, Langston (1965) argued that Balanerodus logimus was different from Allognathosuchus in having 
more “perfect rounded” crowns, in lacking apically flat teeth, and for exhibiting more developed mesial and distal 
carinae. Additionally, Balanerodus logimus is distinct from Bottossaurus according to Langston (1965) by present-
ing a pronounced division between crown and root. 
 The posterior upper and lower teeth of most alligatoroid species have blunt crowns, distinct from the acute 
crowns seen in the anterior and middle teeth. Posterior teeth with distinctive globular crowns similar to Balanerodus 
logimus can be seen not only in Allognathosuchus (see Case, 1925; Brochu, 2004; Fig. 1–B) but also in the posterior 
upper and lower teeth of Melanosuchus niger (Fig. 1–G), Caiman latirostris (Fig. 1–H) Gnatushchus Salas-Gis-
mondi et al., 2015, Kuttanacaiman Salas-Gismondi et al., 2015, (Fig. 1–C), Ca. wannlangstoni, (Fig. 1–D) and 
Purussaurus Barbosa-Rodrigues, 1892 (see Salas-Gismondi et al., 2015). Posterior globular crowns are also known 
in several extinct basal alligatoroids such as Brachychampsa Gilmore, 1911 (see Brochu, 2004; Fig. 1–E), Alberto-
champsa Erickson, 1972, Stangerochampsa Wu et al., 1996, Diplocynodon hantoniensis (Wood, 1846) (see Rio et 
al., 2019) and the extinct alligatorids Procaimanoidea utahensis (Fig. 1–F) and P. kayi  Mook, 1941. Additionally, 
two isolated teeth with a similar morphology assigned as “Alligatoroidea gen. et. sp. nov.” have been reported from 
the early Miocene Castillo Formation of Venezuela (Solórzano et al., 2019). Except Gnatusuchus, which can be 
distinguished from the holotype of Balanerodus logimus for lacking carinae (see Salas-Gismondi et al., 2015), the 
globular teeth of these alligatoroids exhibit crowns that are largely similar to the holotype of Balanerodus logimus, 
without any systematically relevant differences. Generally, the crowns of the posteriormost teeth are even more 
globular than the first posterior teeth, but some of these posterior-most globular crowns (for example in Allognatho-
suchus wartheni, Fig. 1–B) are different from the holotype of Balanerodus logimus, in which they are anteroposte-
riorly expanded and dorsoventrally compressed. In Bottosaurus harlani (Meyer, 1832), the most posterior teeth are 
globular but more lateromedially compressed than the holotype of Balanerodus logimus, which bears more resem-
blance to the first set of posterior-most teeth of Bottosaurus harlani, which are less lateromedially compressed (see 
Cossette & Brochu, 2018). However, the enamel of Bottosaurus harlani teeth display apical wrinkling (Cossette 
& Brochu, 2018), which is absent in Balanerodus logimus and thus distinguishes this last species from the former. 
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Thereby, it is probable that UCMP-45787 was the crown of a posterior maxillary or mandibular tooth, but not of one 
of the posteriormost teeth, if the morphology of most extant and extinct alligatoroid species is considered.   

 
FIGURE 1. Comparison between similar globular teeth crowns found among alligatoroids. A, Balanerodus logimus, holotype, 
in labial view (UCMP-45787). B, Allognathosuchus wartheni (YPM PU-16989), right dentary tooth in lateral view. C, Kut-
tanacaiman iquitosensis (MUSM-1942), left dentary teeth in medial view. D, Caiman wannlangstoni (MUSM-2377, holotype), 
right maxillary tooth in lateral view. E, Brachychampsa montana (AMNH-5032, holotype), right maxillary teeth in medial view. 
F, Procaimanoidea utahensis (USNM-15997, paratype), posterior right dentary teeth in medial view. G, Melanosuchus niger 
(MN-64), posterior right dentary teeth in lateral view. H, Caiman latirostris (MACN-30612), posterior left maxillary teeth in 
medial view. Scale bars = 1 cm.
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Taxonomic Review

The holotype of Balanerodus logimus does not present any autapomorphies when compared to other fossil and 
extant alligatoroids, including several taxa that were named before it (Allognathosuchus, Purussaurus, Melanosu-
chus niger and Caiman latirostris). As such, this species is considered to be a nomen dubium, and the holotype of 
Balanerodus logimus is designated as Alligatoroidea indet. 
 The other 118 isolated teeth referred to B. logimus by Langston (1965) were not directly analysed in this 
work, but the description indicates the presence of the same general structure as the holotype (Langston, 1965, p. 
114–115). As such, these are also assigned to Alligatoroidea indet., along with a tooth (MUSM-1261) assigned to 
B. logimus by Salas-Gimsondi et al. (2007). The specimen assigned to B. logimus by Langston & Gasparini (1997) 
comprises a right maxilla with two teeth, from the Honda Group (middle Miocene, Colombia).This specimen was 
also not directly analysed in this work, and its new taxonomic assignment shall be assessed in a future study of the 
specimen. Nevertheless, these issues do not change the status of B. logimus as a nomen dubium, due to the absence 
of distinctive characters of the name-bearing specimen (the holotype) in comparison with previously described al-
ligatoroids. 

CAIMANINAE BROCHU, 1999 (SENSU BROCHU, 2003 FOLLOWING NORELL 1988)

CAIMAN CROCODILUS (LINNAEUS, 1758)

Material: OR-1677 (holotype of Caiman venezuelensis Fortier & Rincón, 2012)

Occurrence: El Breal de Orocual tar pit, Pliocene–Pleistocene of Venezuela (see Rincón et al., 2009; 
Onary et al., 2018, for the age of the locality).

Description and Comparisons

The holotype and only known specimen of Caiman venezuelensis (OR-1677; Figs. 2–A and 3–A) is an incomplete 
left premaxilla and a very small portion of the left maxilla. It preserves the third, fourth and fifth premaxillary al-
veoli, part of the second alveolus, and the occlusal pit for the fourth mandibular alveolus. Only the tooth of the fifth 
alveolus is preserved, and only the posterolateral portion of the incisive foramen is preserved. The suture with the 
right premaxilla is preserved and is large, extending anteriorly until the anterior margin of the fourth alveolus. 
 The presence of a pit for the occlusion of the fourth mandibular tooth between the premaxilla and the maxilla al-
lows an assignment of OR-1677 to Alligatoroidea (see Brochu, 1997, 1999). Non-caimanine alligatoroid fossils are 
not known from either the Pliocene or Pleistocene of South America (see Fortier & Rincón, 2012), thus it is likely 
that OR-1677 can be assigned to Caimaninae. Among caimanine taxa, the specimen can be clearly distinguished 
from the peculiar Purussaurus (see Aguilera et al., 2006; Aureliano et al., 2015) and Mourasuchus (see Langston, 
1965; Cidade et al., 2017), which have very derived morphologies in the premaxillae; from Paleosuchus, which has 
only four premaxillary teeth (Brochu, 1997, 1999); and from Melanosuchus for not presenting the vomer ventrally in 
the posterior portion of the premaxilla (see Brochu, 1999). OR-1677 may be distinguished from Caiman latirostris 
by the presence of an occlusal fossa for the fourth mandibular tooth posteriorly to the fifth premaxillary alveolus, 
which does not occur in that species (Bona et al., 2013). Among the extant species of Caiman and the fossil caima-
nine species that preserve premaxillae, the holotype of Ca. venezuelensis differs in having significantly narrower 
premaxillae, which are longer than wide, with a long contact between both premaxillae posterior to the incisive 
foramen. The only extant caimanine with similarly long and narrow premaxillae is the subspecies Ca. crocodilus 
apaporiensis. Additionally, some specimens of Ca. crocodilus apaporiensis (the holotype FMNH-69812, FMNH-
69813, FMNH-69821, FMNH-69824; Figs. 2–B and 3–B) exhibit a long contact between both premaxillae posterior 
to the incisive foramen. In another specimen (FMNH-69828), the left premaxilla is as long as in the aforementioned 
specimens, whereas the right premaxilla is shorter. The fact that this second character is exhibited by some of the 
largest specimens of Ca. crocodilus apaporiensis suggests that this trait appears late in ontogeny in this subspecies, 
although individual variation is also possible. The difference in size between the premaxillae of FMNH-69828 sup-
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ports the hypothesis of individual variation. This issue, however, must be assessed by thorough ontogenetic studies 
on the subspecies.
 These two characters shared by Ca. crocodilus apaporiensis and OR-1677 represent two of the diagnostic char-
acters originally proposed by Fortier & Rincón (2012) for Ca. venezuelensis. Premaxillae that are narrow and sig-
nificantly longer than wide, such as those of the holotype of Ca. venezuelensis, can be seen only in the specimens of 
Ca. crocodilus apaporiensis. However, narrow premaxillae that are nearly twice as long as they are wide (although 
not to the extent of Ca. crocodilus apaporiensis and Ca. venezuelensis) are also known in Ca. crocodilus specimens 
not assigned to Ca. crocodilus apaporiensis (MCT-148-RR, MCT-155-RR, MCT-300-RR, MN-25461), Ca. ya-
care (MACN-30595; Fig. 3–D), Melanosuchus niger (MCT-286-RR, MN-63, MN-81, MN-3174), and Paleosuchus 
palpebrosus (MCT-291-RR). Additionally, premaxillae contacting medially in ventral view for half of their length 
can also be observed in at least one specimen of Ca. crocodilus that is not assigned to Ca. crocodilus apaporiensis 
(MCT-148-RR; Fig. 3–C) and in Paleosuchus sp. (MCT-270-RR). 

FIGURE 2. Comparison between the holotype of Caiman venezuelensis in dorsal view and extant Caiman. A, C. venezuelensis 
(OR-1677, holotype), in dorsal view. B, C. crocodilus apaporiensis (FMNH-69812, holotype), premaxillae in dorsal view. C, 
C. crocodilus (MCT-148-RR), premaxillae in dorsal view. D, C. yacare (MACN-30595), premaxillae in dorsal view. Abbrevia-
tions: m = maxilla, n = nasal, pm = premaxilla, pms = suture between both premaxillae. Scale bars = 1 cm. 

 Fortier & Rincón (2012) proposed three additional diagnostic characters for Ca. venezuelensis. The first, a 
“linear premaxillae suture posterior to the incisive foramen”,  occurs in several specimens of Ca. crocodilus apa-
poriensis (FMNH-69812, FMNH-69813, FMNH-69819, FMNH-69824, FMNH-69828, FMNH-69831, FMNH-
69832), Ca. crocodilus not belonging to Ca. crocodilus apaporiensis (AMNH-43291, MCT-148-RR, MCT-155-RR, 
MCT-300-RR, MN-1031, Fig. 3–C), Ca. yacare (AMNH-R-97305, MACN-30542, MACN-30593, MACN-30602, 
MACN-30637, MN-68, MN-1259, MN-9755), and at least one specimen of Ca. latirostris (MCT-156-RR), M. ni-
ger (AMNH-R-58130) and Paleosuchus sp. (MCT-268-RR). The second diagnostic character, “tooth row relative 
to the last four premaxillary alveoli form a straight line rather than curved, in ventral view” is very evident in all 
specimens of Ca. crocodilus apaporiensis analysed in this study (except for FMNH-69819, which is a hatchling 
and thus exhibits an early stage of development), and is also seen in several specimens of the Ca. crocodilus not 
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belonging to Ca. crocodilus apaporiensis (AMNH-43291, MCT-148-RR, MCT-155-RR, MN-25461; Fig. 3–C), Ca. 
yacare (AMNH-R-97305, MACN-30542, MACN-30558, MACN-30593, MACN-30595, MACN-30601, MACN-
30602, MN-1259, MN-9755,; Fig. 3–D), and also in some specimens of M. niger (MN-64 and MN-3174). In some 
specimens of P. palpebrosus (AMNH-R-93812, MCT-269-RR, MCT-291-RR, MN-317), P. trigonatus (AMNH-R-
66391, MN-65, MN-2491, MN-9757) and Paleosuchus sp. (MCT-268-RR and MCT-270-RR), the three last pre-
maxillary teeth (which are homologous to the last three premaxillary teeth of other caimanines, see Brochu, 1997) 
also form a straight line in ventral view. 
 The third proposed diagnostic character of OR-1677, “incisive foramen long, reaching the fourth premaxil-
lary alveolus”, is actually rather common in all species of living Caimaninae, observed in many extant caimanine 
specimens analysed in this study, including: all specimens of Ca. crocodilus apaporiensis; Ca. crocodilus excluding 
Ca. crocodilus apaporiensis (AMNH-43291, AMNH-R-137179, MCT-148-RR, MCT-155-RR, MCT-300-RR, MN-
1030, MN-1031, MN-25461); Ca. latirostris (AMNH-R-143183, MACN-30566, MACN-30567, MACN-30572, 
MACN-30610, MCT-156-RR, MN-1041, MN-1254, MN-1255, MN-1455, MN-2078, MN-2333, MN-9756, MN-
11254, MN-24588); Ca. yacare (AMNH-R-97305, MACN-30542, MACN-30558, MACN-30593, MACN-30595, 
MACN-30601, MACN-30602, MACN-8267, MN-68, MN-1259, MN-9755, MN-12127); M. niger (AMNH-R-
58130, MCT-286-RR, MN-61, MN-63, MN-64, MN-81, MN-3174,); P. palpebrosus (AMNH-R-93812, MCT-269-
RR, MCT-291-RR, MN-317) and P. trigonatus (, AMNH-R-66391, MN-65, MN-2491, MN-9757). 

FIGURE 3. Comparison between the holotype of Caiman venezuelensis in ventral view and extant Caiman. A, C. venezuelensis 
(OR-1677, holotype), in ventral view. B, C. crocodilus apaporiensis (FMNH-69812, holotype), premaxillae in ventral view. C, 
C. crocodilus (MCT-148-RR), premaxillae in ventral view. D, C. yacare (MACN-30595), premaxillae in ventral view. Abbre-
viations: m = maxilla, pm = premaxilla, pms = suture between both premaxillae. Scale bars = 1 cm. 

Taxonomic Review

From the five diagnostic characters proposed by Fortier & Rincón (2012) for Caiman venezuelensis, only the first 
two are found to be systematically relevant in this study. The character ‘tooth row relative to the last four premaxil-
lary form a straight line rather than curved, in ventral view’, is here considered to be correlated with the lateromedial 
compression of the premaxillae already treated in one of the diagnostic characters. The shape of the suture between 
the premaxillae posterior to the incisive foramen, was found to be intraspecifically variable in the living caimanine 
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specimens analysed in this work; thus the ‘linear’ shape of this structure in Ca. venezuelensis is not considered sys-
tematically relevant here. As for the character ‘incisive foramen long, reaching the fourth premaxillary alveolus’, 
the fact that this feature is present in most living caimanine specimens analysed in this study, indicates that it is not 
systematically relevant. 
 Therefore, based on the systematically relevant characters, the holotype and only known specimen of Caiman 
venezuelensis can be distinguished from all other fossil or extinct Caimaninae, except for some individuals of the 
extant species Ca. crocodilus (mostly Ca. crocodilus apaporiensis). Like OR-1677, Ca. crocodilus apaporiensis 
exhibits premaxillae that are significantly longer than wide, with some specimens exhibiting a large contact between 
both premaxillae posterior to the incisive foramen. As such, the characters that diagnose Ca. venezuelensis fall with-
in the range of morphological variation seen in Ca. crocodilus, and as a result this study considers Ca. venezuelensis 
Fortier & Rincón, 2012 to be a junior synonym of Ca. crocodilus (Linnaeus, 1758). An affinity of the specimen OR-
1677 to Ca. crocodilus apaporiensis is here suggested, but further studies and the finding of more complete fossils 
are needed for further assessments on the relationship between the specimen and the extant subspecies.  

Discussion

The non-validity of the species Balanerodus logimus and Caiman venezuelensis found here, do not mean a sig-
nificant decrease in the diversity of the respective crocodylomorph faunas to which they belong (see Cidade et al., 
2019 for a review). The middle Miocene fauna of the Amazon region of South America has seen an increase of taxa 
in the last few years from the Pebas Formation of Peru, which includes several eminent durophagous taxa such as 
Gnatusuchus, Kuttanacaiman and Ca. wannlangstoni (Salas-Gismondi et al., 2015). 
 Additionally, a durophagous habit has also been proposed for late Miocene taxa such as Globidentosuchus 
Scheyer et al., 2013 from the Urumaco Formation (Scheyer et al., 2013; Salas-Gismondi et al., 2015), Caiman bre-
virostris Souza-Filho, 1987 from the Solimões Formation (Fortier et al., 2014; Cidade et al., 2019), and Eocaiman 
Simpson, 1933 from the Paleocene–middle Miocene (Cidade & Hsiou, 2018). In this way, a number of durophagous 
caimanine taxa (of which Balanerodus logimus was thought to be one example) have been well-established in the 
recent years, especially in the middle Miocene, so the non-validity of this species does not reduce our understanding 
about the durophagous caimanine taxa of the Cenozoic of South America. 
 A similar scenario may be pointed out for the Pliocene and Pleistocene of South America regarding the status of 
Caiman venezuelensis as a junior synonym of Ca. crocodilus. Although the crocodylomorph fauna of the Pliocene 
of South America is indeed low, with only the occurrences of Crocodylus falconensis Scheyer et al., 2013 from 
the San Gregorio Formation of Venezuela, and of Crocodylus sp. from the Ware Formation of Colombia (Moreno-
Bernal et al., 2016), future fieldwork in these units, and the ‘El Breal de Orocual’ asphalt deposit will likely yield 
new crocodylomorph records. As pointed out by Fortier & Rincón (2012), although the fossil record of Caimaninae 
in the Pleistocene of South America is very rich in specimens, it is not yet rich in species. This is supported by the 
taxonomic review presented here, which shows it comprises only records of extant species (see also Cidade et al., 
2019). Nevertheless, a thorough analysis of this record may reveal a richer diversity of species in the Pleistocene of 
the continent, including not only fossils of extant species that were not yet recorded, but completely new species as 
well. Additionally, to our knowledge the assignment of OR-1677 to Ca. crocodilus represents the first fossil record 
of the species (see Fortier & Rincón 2012 and Cidade et al., 2019, for reviews of the crocodylian fossil fauna of the 
Cenozoic of South America). 
 The possible affinity between OR-1677 and Caiman crocodilus apaporiensis raises interesting evolutionary 
questions. The extant subspecies has a small geographic distribution, concentrated on the Upper Apaporis River 
in Colombia (Medem, 1955; Velasco & Ayarzagüena, 2010; Escobedo-Galván et al., 2011), although most recent 
studies have recorded the subspecies in other rivers and lakes in Colombia (Escobedo-Galván et al., 2015). As such, 
the occurrence of OR-1677 (assuming its assignment to Ca. crocodilus apaporiensis) in the Pliocene–Pleistocene 
of Venezuela would not only record the presence of Ca. crocodilus apaporiensis, but would significantly expand 
the present, known geographical distribution of the subspecies. However, some authors have suggested a cline of 
narrow-snouted caimans in Colombian and Venezuelan swamps (Ayarzagüena, 1984; Gorzula, 1994; Okamoto 
et al., 2015). This perspective reinforces the caution of assigning Ca. venezuelensis as a junior synonym of Ca. 
crocodilus rather than of Ca. crocodilus apaporiensis. Additionally, cranial morphometric analysis of Ca. croco-
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dilus apaporiensis performed by Escobedo-Galván et al. (2015) found a higher degree of difference between that 
subspecies and the other subspecies of Ca. crocodilus than between Ca. yacare (considered a full distinct species) 
and the other subspecies of Ca. crocodilus excluding Ca. crocodilus apaporiensis. This indicates that this subspe-
cies may be considered a different species, but molecular analyses are needed to settle this issue (Escobedo-Galván 
et al., 2015). Nevertheless, the morphometric analysis of Escobedo-Galván et al. (2015) also found an overlap 
between Ca. crocodilus apaporiensis and Ca. crocodilus (Linnaeus, 1758), which also reinforces the perspective 
that Ca. venezuelensis is better seen as a junior synonym of Ca. crocodilus than Ca. crocodilus apaporiensis. This 
issue, however, can be reassessed upon an eventual taxonomic review of Ca. crocodilus, which may be a complex 
of cryptic species (Venegas-Anaya et al., 2008; Escobedo-Galván et al., 2011).
 Molecular analyses have estimated the time of divergence between Caiman crocodilus and Ca. yacare between 
2 to 5 million years ago (Oaks, 2011), a date that places it between the Pliocene and the Pleistocene. Nevertheless, 
there has been only tentative referrals of fossils to Ca. yacare for the late Miocene of South America (see Fortier et 
al., 2009; Bona et al., 2013), and no record of any kind of Ca. crocodilus until the one made in this study. Our refer-
ral of OR-1677 to Ca. crocodilus not only effectively records the presence of the species for the Pliocene–Pleisto-
cene of South America and in the north of the continent (an area currently inhabited by the species), but also shows a 
perspective that more fossils of Ca. crocodilus may be found in the Pliocene or in the Pleistocene, or in older epochs 
of the continent, providing more information on the origin and evolution of this species. 

Conclusions

This study concludes that the species Balanerodus logimus is a nomen dubium, with its holotype (UCMP-45787) be-
ing assigned as “Alligatoroidea indet.”, and that Caiman venezuelensis Fortier & Rincón, 2012 is a junior synonym 
of Ca. crocodilus (Linnaeus, 1758). The record of a Ca. crocodilus fossil from the Pliocene–Pleistocene of Venezu-
ela is the first published fossil record that can be assigned to this extant species. These taxonomic reviews provide 
a more accurate picture of the diversity of fossil alligatoroids in the Cenozoic of South America, which remains 
considerably high despite the non-validity of B. logimus and Ca. venezuelensis as distinct species. Additionally, this 
study demonstrates the importance of taxonomic reviews for a proper understanding of fossil diversity, which has 
been frequently overlooked even in comprehensive systematic studies of fossil taxa. 

Acknowledgments 

We thank Pat Holroyd (UCMP), Carl Mehling (AMNH, Paleontology), David Kazirian (AMNH, Herpetology), 
Amanda Millhouse (USNM, Paleontology), Addison Wynn (USNM, Herpetology), Alan Resetar (FMNH), Daniel 
Brinkman (YPM PU), Julián Faivovich (MACN), Rodolfo Salas-Gismondi and Ali Altamirano (MUSM), Rodrigo 
Machado (MCT), Paulo Passos and Manoela Cardoso (MN) for access to specimens in the collections under their 
care. We thank the reviewers Alexander Hastings and Armando H. Escobedo-Galván for their helpful comments and 
corrections. We are grateful to Jonathan Rio (Imperial College, United Kingdom) for a thorough grammar revision 
and comments on the manuscript. We thank Christopher Brochu (University of Iowa, United States) for comments 
on earlier drafts of this paper. This work was funded by the Fundação de Amparo à Pesquisa do Estado de São Paulo 
(FAPESP) grant to G.M.C. (2013/04516-1), by the Conselho de Desenvolvimento Científico e Tecnológico (CNPq) 
grants to G.M.C. (140808/2016-7) and A.S.H. (309434/2015-7), by the Coordenação de Aperfeiçoamento de Pes-
soal de Nível Superior - Brasil (CAPES) Programa de Doutorado no Sanduíche no Exterior (PDSE) grant to G.M.C. 
(88881.131923/2016-01), and was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior—Brasil (CAPES)—Finance Code 001, to G.M.C.

References

Agassiz, L. (1849) Remarks on fossil crocodiles. Proceedings of the Academy of Natural Sciences of Philadelphia, 4 (1848–
1849), 169. 

Aguilera, O.A., Riff, D. & Bocquentin-Villanueva, J. (2006) A new giant Purussaurus (Crocodyliformes, Alligatoridae) from 



CIDADE ET AL.484  ·  Zootaxa 4656 (3) © 2019 Magnolia Press

the upper Miocene Urumaco Formation, Venezuela. Journal of Systematic Palaeontology, 4 (3), 221–232.
 https://doi.org/10.1017/S147720190600188x
Aureliano, T., Ghilardi, A.M., Guilherme, E., Souza-Filho, J.P., Cavalcanti, M. & Riff, D. (2015) Morphometry, bite-force, and 

paleobiology of the Late Miocene Caiman Purussaurus brasiliensis. Plos One, 10 (2), e0117944. 
 https://doi.org/10.1371/journal.pone.0117944
Ayarzagüena, J. (1984) Ecología del caimán de anteojos (Caiman crocodilus L.) en los Llanos de Apure (Venezuela). Doñana 

Acta Vertebrata, 10 (3), 1–136. 
Benton, M.J. & Clark, J.M. (1988) Archosaur phylogeny and the relationships of the Crocodylia. In: Benton, M.J. (Ed.), The 

Phylogeny and Classification of the Tetrapods. Clarendon Press, Oxford, pp. 295–338.
Barbosa-Rodrigues, B. (1892) Les Reptiles fossiles de la vallée de l’Amazone. Vellosia, 2, 41–46.
Bona, P., Riff, D. & Gasparini, Z. (2013) Late Miocene crocodylians from Northeast Argentina: new approaches about the aus-

tral components of the Neogene South American crocodylian fauna. Transactions of the Royal Society of Edinburgh. Earth 
and Environmental Science Transactions of the Royal Society of Edinburgh, 103, 1–20.

 https://doi.org/10.1017/S175569101300042x
Bona, P., Ezcurra, M.D., Barrios, F. & Fernandez-Blanco, M.V. (2018) A new Palaeocene crocodylian from southern Argentina 

sheds light on the early history of caimanines. Proceedings of the Royal Society B, 285, 20180843. https://doi.org/10.1098/
rspb.2018.0843

Brochu, C.A. (1997) Phylogenetic Systematics and Taxonomy of Crocodylia., Unpublished PhD Thesis, University of Texas, 
Austin, 432 pp. 

Brochu, C.A. (1999) Phylogenetics, taxonomy, and historical biogeography of Alligatoroidea. Memoir of the Society of Verte-
brate Paleontology, 6, 9–100.

 https://doi.org/10.2307/3889340
Brochu, C.A. (2003) Phylogenetic approaches toward crocodilian history. Annual Review of Earth and Planetary Sciences, 31, 

357–397.
 https://doi.org/10.1146/annurev.earth.31.100901.141308
Brochu, C.A. (2004) Alligatorine phylogeny and the status of Allognathosuchus Mook, 1921. Journal of Vertebrate Paleontol-

ogy, 24, 856–872.
Brochu, C.A. (2010) A new alligatoroid from the Lower Eocene Green River Formation of Wyoming and the origin of 

caimans. Journal of Vertebrate Paleontology, 30, 1109–1126.
 https://doi.org/10.1080/02724634.2010.483569
Brochu, C.A. (2011) Phylogenetic relationships of Necrosuchus ionensis Simpson, 1937 and the early history of caimanines. Zo-

ological Journal of the Linnean Society, 163, S228–S256.
 https://doi.org/10.1111/j.1096-3642.2011.00716.x
Case, E.C. (1925) Note on a new species of the Eocene crocodilian Allognathosuchus, A. wartheni. Contributions from the 

Museum of Geology, University of Michigan, 2, 93–97.
Cossette, A.P. & Brochu, C.A. (2018) A new specimen of the alligatoroid Bottosaurus harlani and the early history of character 

evolution in alligatorids, Journal of Vertebrate Paleontology, 38 (4), 1–22.
 https://doi.org/10.1080/02724634.2018.1486321
Cidade, G.M. & Hsiou, A.S. (2018) New morphological, evolutionary and paleoecological interpretations on the genus Eocai-

man (Crocodylia, Caimaninae) from the Cenozoic of South America. In: Marzola, M., Mateus, O. & Moreno-Azanza, M. 
(Eds.), Abstract book of the XVI Annual Meeting of the European Association of Vertebrate Palaeontology. Departamento 
de Ciências da Terra, Faculdade Ciências e Tecnologia, Universidade Nova de Lisboa, Caparica, p. 46. 

Cidade, G.M., Solórzano, A., Rincón, A.D., Riff, D. & Hsiou, A.S. (2017) A new Mourasuchus (Alligatoroidea, Caimaninae) 
from the late Miocene of Venezuela, the phylogeny of Caimaninae and considerations on the feeding habits of Mourasu-
chus. PeerJ, 5, e3056. 

 https://doi.org/10.7717/peerj.3056
Cidade, G.M., Fortier, D. & Hsiou, A.S. (2019) The crocodylomorph fossil record of the Cenozoic of South America and its 

evolutionary history: a review. Journal of South American Earth Sciences, 90, 392–411. 
 https://doi.org/10.1016/j.jsames.2018.12.026
Cuvier, G.L. (1807) Sur les differentes especes de crocodiles vivan set sur leur caracteres distinctifs. Annales du Museum 

d’Histoire Naturelle, 10, 8–66.
Daudin, F.M. (1802) Histoire naturelle, generale et particuliere, des reptiles. Paris: Del’imprimerie de F. Dufort, Volume 2, 

Paris, 432 pp.  
Erickson, B.R. (1972) Albertochampsa langstoni, gen. et sp. nov., a new alligator from the Cretaceous of Alberta. Scientific 

Publications of the Science Museum of Minnesota, New Series, 2, 1–13.
Escobedo-Galván, A.H., Cupul-Magaña, F.G. & Velasco, J.A. (2011) Misconceptions about the taxonomy and distribution of 

Caiman crocodilus chiapasius and C. crocodilus fuscus (Reptilia: Crocodylia: Alligatoridae). Zootaxa, 3015, 66–68.
 https://doi.org/10.11646/zootaxa.3015.1.7
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, 4059 (3), 541–554.
 https://doi.org/10.11646/zootaxa.4059.3.6



TAxONOMIC REVIEW OF TWO FOSSIL CROCODYLIANS SPECIES Zootaxa 4656 (3) © 2019 Magnolia Press  ·  485

Fortier, D., Brochu, C.A. & Souza-Filho, J.P. (2009) The oldest record of Caiman yacare. Journal of Vertebrate Paleontology, 
29 (3), 97A.

Fortier, D. & Rincón, A. (2012) Pleistocene crocodylians from Venezuela, and the description of a new species of Caiman. 
Quaternary International, 305, 141–148.

 https://doi.org/10.1016/j.quaint.2012.03.018
Fortier, D.C., Souza-Filho, J.P., Guilherme, E., Maciente, A. & Schultz, C.L. (2014) A new specimen of Caiman breviros-

tris (Crocodylia, Alligatoridae) from the Late Miocene of Brazil. Journal of Vertebrate Paleontology, 34 (4), 820–834.
 https://doi.org/10.1080/02724634.2014.838173
Gilmore, C.W. (1911) A new fossil alligator from the Hell Creek beds of Montana. Proceedings of the United States National 

Museum, 41, 297–302.
 https://doi.org/10.5479/si.00963801.41-1860.297
Gilmore, C.W. (1946) A new crocodilian from the Eocene of Utah. Journal of Paleontology, 20 (1), 62–67.
Gmelin, J. (1789) Linnei Systema Naturae. G. E. Beer, Leipzig, 1057 pp. 
Gorzula, S. (1994). A longirostrine Caiman crocodilus from central Venezuela. Crocodile Specialist Group Newsletter, 13 (3), 

16.
Gray, J.E. (1844) Catalogue of Tortoises, Crocodilians, and Amphisbaenians in the Collection of the British Museum. British 

Museum (Natural History), London, 88 pp.
Kälin, J.A. (1940) Arambourgia nov. gen. gaudryi de Stefano sp., ein kurzschnauziger Crocodilide aus den Phosphoriten des 

Quercy. Eclogue Geologicae Helvetiae, 32, 185–186.
Langston, W. (1965) Fossil crocodilians from Colombia and the Cenozoic history of the Crocodilia in South America. University 

of California Publications in Geological Sciences, 52, 1–168.
Langston, W. & Gasparini, Z. (1997) Crocodilians, Gryposuchus, and the South Americans gavials. In: Kay, R.F., Madden, 

R.H., Ciffelli, R.L. & Flynn, J.J. (Eds.), Vertebrate paleontology in the neotropics: the Miocene fauna of La Venta, 
Colombia. Smithsonian Institution, Washington, pp. 113–154. 

Laurenti, J.N. (1768) Specimen Medicum, Exhibens Synopsin Reptilium Emendatum cum Experimentis Circa Venena et Antidota 
Reptilium Austriacorum. Joan. Thomae nob. de Trattnern, Vienna, 217 pp.

 https://doi.org/10.5962/bhl.title.5108
Linnaeus, C. (1758) Systema naturæ per regna tria naturæ, secundum classes, ordines, genera, species, cum characteribus, 

differentiis, synonymis, locis. Tomus I. Editio decima, reformata. Salvius, Stockholm, 824 pp.
   https://doi.org/10.5962/bhl.title.542
Martin, J.E. (2010) A new species of Diplocynodon (Crocodylia, Alligatoroidea) from the Late Eocene of the Massif Cen-

tral, France, and the evolution of the genus in the climatic context of the Late Palaeogene. Geological Magazine, 147, 
596–610.

 https://doi.org/10.1017/S0016756809990161
Martin, J.E. & Lauprasert, K. (2010) A new primitive alligatorine from the Eocene of Thailand: relevance of Asiatic members 

to the radiation of the group. Zoological Journal of the Linnean Society, 158, 608–628.
 https://doi.org/10.1111/j.1096-3642.2009.00582.x
Martin, J.E., Smith, T., Broin, F.L., Escuillié, F. & Delfino, M. (2014) Late Palaeocene eusuchian remains from Mont de Berru, 

France, and the origin of the alligatoroid Diplocynodon. Zoological Journal of the Linnean Society, 172, 867–891.
 https://doi.org/10.1111/zoj.12195
Medem, F. (1955) A new subspecies of Caiman sclerops from Colombia. Fieldiana: Zoology, 37, 339–344.
 https://doi.org/10.5962/bhl.title.3168
Meyer, H. von. (1832) Paleologica zur Geshichte der Erde und irher Geschöpfe. S. Schmerber, Frankurt-am-Main, 560 pp.
Mook, C.C. (1921) Allognathosuchus, a new genus of Eocene crocodilians. Bulletin of the American Museum of Natural His-

tory, 44, 105–110.
Mook, C.C. (1941) A new crocodilian, Hassiacosuchus kayi, from the Bridger Eocene Beds of Wyoming. Annals of the Carn-

egie Museum, 28, 207–220.
Moreno-Bernal, J.W., Head, J. & Jaramillo, C.A. (2016) Fossil crocodilians from the high Guajira Peninsula of Colombia: Neo-

gene faunal change in northernmost South America. Journal of Vertebrate Paleontology, 36 (3), e1110586. 
 https://doi.org/10.1080/02724634.2016.1110586
Norell, M.A. (1988) Cladistic approaches to evolution and paleobiology as applied to the phylogeny of alligatorids. Unpub-

lished PhD Thesis, Yale University, New Haven, 272 pp. 
Norell, M.A., Clark, J.M. & Hutchison, J.H. (1994) The Late Cretaceous alligatoroid Brachychampsa montana (Crocodylia): 

new material and putative relationships. American Museum Novitates, 3116, 1–26.
Oaks, J.R. (2011) A time-calibrated species tree of Crocodylia reveals a recent radiation of the true crocodiles. Evolution, 65, 

3285–3297.
 https://doi.org/10.1111/j.1558-5646.2011.01373.x
Okamoto, K.W., Langerhans, R.B., Rashid, R. & Amarasekare, P. (2015) Microevolutionary patterns in the common caiman 

predict macroevolutionary trends across extant crocodilians. Biological Journal of the Linnean Society, 116, 834–846.
 https://doi.org/10.1111/bij.12641
Onary, S., Rincón, A.D. & Hsiou, A.S. (2018) Fossil snakes (Squamata, Serpentes) from the tar pits of Venezuela: taxonomic, 



CIDADE ET AL.486  ·  Zootaxa 4656 (3) © 2019 Magnolia Press

palaeoenvironmental, and palaeobiogeographical implications for the North of South America during the Cenozoic/Qua-
ternary boundary. PeerJ 6 e5402. 

 https://doi.org/10.7717/peerj.5402
Riff, D., Romano, P.S.R., Oliveira, G.R. & Aguilera, O.A. (2010) Neogene Crocodile and Turtle Fauna in Northern South 

America. In: Hoorn, C. & Wesselingh, F. (Eds.), Amazonia, Landscape and Species Evolution: A Look into the Past. Wiley-
Blackwell, London, pp. 259–280.

 https://doi.org/10.1002/9781444306408.ch16
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, Monaga State, Venezuela. Bulletin of the Museum of Northern 
Arizona, 65, 593–620.

Rio, J.P., Mannion, P.D., Tschopp, E., Martin, J.E. & Delfino, M. (2019) Reappraisal of the morphology and phylogenetic 
relationships of the alligatoroid crocodylian Diplocynodon hantoniensis from the Late Eocene of the United Kingdom. 
Zoological Journal of the Linnean Society, zlz034.

 https://doi.org/10.1093/zoolinnean/zlz034
Salas-Gismondi, R., Antoine, P.O., Baby, P., Brusset, S., Benammi, M., Espurt, N., De Franceschi, D., Pujos, F., Tejada, J. 

& Urbina, M. (2007) Middle Miocene Crocodiles from the Fitzcarrald Arch, Amazonian Peru. Cuadernos del Museo 
Geominero, 8, 355–360.

Salas-Gismondi, R., Flynn, J.J., Baby, P., Tejada-Lara, J.V., Wesselingh, F.P. & Antoine, P.O. (2015) A Miocene hyperdiverse 
crocodylian community reveals peculiar trophic dynamics in proto-Amazonian mega-wetlands. Proceedings of the Royal 
Society, 282, 20142490. 

 https://doi.org/10.1098/rspb.2014.2490 
Scheyer, T.M., Aguilera, O.A., Delfino, M., Fortier, D.C., Carlini, A.A., Sánchez, R., Carrillo-Briceño, J.D., Quiroz, L. & Sán-

chez-Villagra, M.R. (2013) Crocodylian diversity peak and extinction in the late Cenozoic of the northern Neotropics. Na-
ture Communications, 4, 1907.

  https://doi.org/10.1038/ncomms2940
Schneider, J.G. (1801) Historiae Amphibiorum naturalis et literariae. Fasciculus secundus continens Crocodilos, Scincos, 

Chamaesauras, Boas. Pseudoboas, Elapes, Angues. Amphisbaenas et Caecilias. Frommanni, Jena, 364 pp.
Simpson, G.G. (1933) A new crocodile from the Notostylops beds of Patagonia. American Museum Novitates, 623, 1–9.
Skutschas, P., Danilov, I.G., Kodrul, T.M. & Jin, J. (2014) The first discovery of an alligatorid (Crocodylia, Alligatoroidea, Al-

ligatoridae) in the Eocene of China. Journal of Vertebrate Paleontology, 34, 471–476.
 https://doi.org/10.1080/02724634.2013.809725
Solórzano, A., Rincón, A.D., Cidade, C.M., Núñez-Flores, M. & Sánchez, L. (2019) Lower Miocene alligatoroids (Crocodylia) 

from the Castillo Formation, northwest of Venezuela. Palaeobiodiversity and Palaeoenvironments, 99, 241–259.
 https://doi.org/10.1007/s12549-018-0332-5
Souza-Filho, J.P. (1987) Caiman brevirostris sp. nov., um novo Alligatoridae da Formação Solimões (Pleistoceno) do Estado do 

Acre, Brasil. Anais x Congresso Brasileiro de Paleontologia, Rio de Janeiro, 1, 173–180.
Spix, J.B. (1825) Animalia nova sive species novae Lacertarum, quas in itinere per Brasiliam annis MDCCCXVII-MDCCCXX 

jussu et auspiciis Maximiliani Josephi I. Bavaria Regis suscepto collegit et descripsit D. J. B. De Pix.  Typis Franc. Seraph. 
Hübschamanni, Munich, 26 pp.

 https://doi.org/10.5962/bhl.title.5117
Stefano, G., (1905) Appunti sui Batraci e rettili del Quercy appartenenti alla collezioni Rossignol. Bolletino della Societa Geo-

logia Italiana, 24, 17–67. 
Venegas-Anaya, M., Crawford, A.J., Escobedo-Galván, A.H., Sanjur, O.I., Densmore, L.D. & Bermingham, E. (2008) Mito-

chondrial DNA phylogeography of Caiman crocodilus in Mesoamerica and South America. Journal of Experimental Zool-
ogy, 309A, 614–627.

 https://doi.org/10.1002/jez.502
Wang, Y.-Y., Sullivan, C. & Liu, J., (2016) Taxonomic revision of Eoalligator (Crocodylia, Brevirostres) and the paleogeo-

graphic origins of the Chinese alligatoroids. PeerJ, 4, e2356. 
 https://doi.org/10.7717/peerj.2356
Weitzel, K. (1935) Hassiacosuchus haupti n.g n.s. ein durophages Krokodil aus dem Mitteleozän von Messel. Notizblatt des 

Vereins für Erdkunde und der hessischen geologischen Landesanstalt zu Darmstadt, 16, 40–49.
Wood, S.V.  (1846) On the discovery of an alligator and of several new Mammalia in the Hordwell Cliff; with observations upon 

the geological phenomena of that locality. London Geological Journal, 1, 117–122.
Wu, x.C., Brinkman, D.B. & Russell, A.P. (1996) A new alligator from the Upper Cretaceous of Canada and the relationships 

of early eusuchians. Palaeontology, 39 (2), 351–375.


