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ABSTRACT

This study is a thorough assessment on the morphology and taxonomy of
Mourasuchus amazonensis, a fossil crocodylian of the Caimaninae clade from the late
Miocene Solimões Formation of Brazil. A thorough redescription of the holotype of the
species (DGM 562-R, a nearly complete skull with an associated incomplete left man-
dible) is performed together with the redescription of the specimen UFAC-1424, a pos-
terior portion of the skull with associated mandibular remains, and the description of
the specimen LACM-160157, also a posterior portion of the cranium. As such, this
paper brings the most comprehensive osteological study of M. amazonensis to be per-
formed to date, enabling a thorough taxonomic reassessment of the species in ques-
tion. This reassessment confirmed M. amazonensis as a valid species, with two
autapomorphies and two other distinctive characters. UFAC-1424 and LACM-160157
are assigned as Mourasuchus cf. M. amazonensis, pending further studies on the tax-
onomy of the species in order to clarify whether these specimens belong to the same
species as DGM 526-R. Additionally, implications of the morphology observed in M.
amazonensis for the taxonomic status of other Mourasuchus species are also dis-
cussed, especially with respect to M. nativus, which is currently a junior synonym of M.
arendsi. 
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INTRODUCTION

The fossil crocodyliform fauna of the Miocene
of South America is well-known for its taxonomic
diversity, morphological disparity, niche partition-
ing, and abundance of specimens (Rusconi, 1933;
Patterson, 1936, 1943; Langston, 1965; Langston
and Gasparini, 1997; Aguilera, 2004; Linares,
2004; Paolillo and Linares, 2007; Salas-Gismondi
et al., 2007, 2015; Riff et al., 2010; Scheyer and
Moreno-Bernal, 2010; Bona et al., 2013a; Bona
and Barrios, 2015; Moreno-Bernal et al., 2016;
Scheyer and Delfino, 2016; Souza et al., 2016;
Cidade et al., 2019a). The taxonomic diversity
includes sebecids, a clade of non-eusuchian croco-
dyliforms (Langston, 1965; Paolillo and Linares,
2007; Salas-Gismondi et al., 2007), and the eusu-
chian clades Gavialoidea (Gürich, 1912; Langston,
1965; Bocquentin and Buffetaut, 1981; Brochu and
Rincón, 2004; Riff and Aguilera, 2008), Crocodyl-
oidea (Langston, 1965; Souza-Filho, 1993) and
Alligatoroidea. This last group is represented
mostly by taxa belonging to the clade Caimaninae,
which also represents the most diverse crocodyli-
form group of the Miocene of South America (Riff
et al., 2010; Bona et al., 2013a; Cidade et al.,
2019a). 

One of the most distinctive representatives of
the caimanine fauna of the Miocene of South
America is Mourasuchus, which is characterized
mainly by its long, broad, dorsoventrally flattened
rostrum and long, slender mandibles with
extremely short symphyses in which most of the
teeth are small in size (see Price, 1964; Langston,
1965; Cidade et al., 2017). Whereas these cranial
features, together with some vertebral characters
(see Langston, 2008 and Tineo et al., 2014), have
led some to consider Mourasuchus as a “straining”
or “filter” feeder (Langston, 1965; Riff et al., 2010;
Bona et al., 2013b), and others as a “gulp-feeder”
(Cidade et al., 2017), a thorough assessment of
the feeding habits of this taxon is still to be made
(Bona et al., 2013b; Cidade et al., 2017). 

Mourasuchus includes the species M. ama-
zonensis from the late Miocene of Brazil (Price,
1964; Souza-Filho and Guilherme, 2011a), M. ato-
pus from the middle Miocene of Colombia and
Peru (Langston, 1965; Langston and Gasparini,
1997; Salas-Gismondi et al., 2015), M. arendsi
from the late Miocene of Venezuela, Brazil, and
Argentina (Bocquentin-Villanueva, 1984; Souza-

Filho and Guilherme, 2011b; Scheyer & Delfino,
2016; Cidade et al., 2019b), and M. pattersoni from
the late Miocene of Venezuela (Cidade et al.,
2017). Aside from these, there are several records
of specimens assigned to “Mourasuchus sp.” from
different deposits of the middle and of the late Mio-
cene of South America (e.g., Salas-Gismondi et
al., 2007; Scheyer et al., 2013; Tineo et al., 2014;
Moreno-Bernal et al., 2016; Scheyer and Delfino,
2016; Souza et al., 2016). Another species,
Mourasuchus nativus, was erected by Gasparini
(1985), but was later considered to be a junior syn-
onym of M. arendsi by Scheyer and Delfino (2016). 

The current record of Mourasuchus amazon-
ensis is mainly restricted to the holotype DGM-526-
R, an almost complete skull with an incomplete left
hemimandible (see Price, 1964). An isolated left
jugal (UFAC-5269) has also been referred to the
taxon (Souza-Filho and Guilherme, 2011a). Both
specimens are thought to be from the late Miocene
Solimões Formation of Brazil, with the holotype
coming from the Juruá River and the referred spec-
imen from the “Morro do Careca” locality, both in
the Acre state of Brazil. However, there has been
some doubt about the exact stratigraphic prove-
nance and age of the holotype, which will be
detailed below.

The holotype of Mourasuchus amazonensis
was only briefly described by Price (1964) and as
the species was the first of the genus to be
described, the diagnosis offered in the original
work was the same as of the genus. However,
diagnoses for Mourasuchus species described
later were only minimally differentiated from M.
amazonensis (see Langston, 1966 and Bocquen-
tin-Villanueva, 1984). Recently, Cidade et al.
(2017) provided a more detailed comparison
between the Mourasuchus species, from which it
could be shown that M. amazonensis is a valid
species distinct from other Mourasuchus with
respect to two autapomorphies, in addition to other
distinguishing features (see Emended Diagnosis
below). A detailed reevaluation of the holotype,
however, has never been performed. 

Therefore, the first objective of this paper is to
provide a thorough redescription of the holotype of
Mourasuchus amazonensis. The second objective
is to provide a morphological assessment of two
specimens from the late Miocene Solimões Forma-
tion of Brazil that may be tentatively assigned



PALAEO-ELECTRONICA.ORG

3

(Mourasuchus cf. amazonensis) to this species.
One, UFAC-1424, is comprised of a posterior por-
tion of the skull and a fragment of the left dentary
and was originally attributed to M. nativus upon its
original, brief description by Bocquentin and
Souza-Filho (1990). The other, LACM-160157, has
not previously been described and comprises a
posterior portion of the skull. The third objective
addresses the bearing that our revised understand-
ing of M. amazonensis has on ongoing taxonomic
issues regarding Mourasuchus, especially regard-
ing the taxonomic status of M. nativus. 

MATERIALS AND METHODS

The three specimens examined in this paper
(the holotype of Mourasuchus amazonensis, DGM
526-R, and the specimens assigned as Mourasu-
chus cf. M. amazonensis LACM-160157 and
UFAC-1424) are stored and available at their
respective institutions. The specimens were com-
pared with other Mourasuchus specimens, in par-
ticular the holotypes of M. atopus (UCMP-38012),
M. arendsi (CIAAP-1297) and M. pattersoni
(MCNC-PAL-110-72V), as well as specimens
assigned to M. arendsi (MLP 73-IV-15-8, holotype
of M. nativus; UFAC-5716). The skulls of osteologi-
cal specimens of living crocodylians (see Appendix
1 for a list) were also used for comparison. The
anatomical nomenclature follows that of Iordansky
(1973), unless otherwise noted. 

Institutional Abbreviations

AMNH, American Museum of Natural History, New
York, NY, USA; CIAAP, Centro de Investigaciones
Antropológicas, Arqueológicas y Paleontológicas,
Universidad Nacional Experimental Francisco de
Miranda, Coro, Venezuela; DGM, Divisão de Geo-
logia e Paleontologia do Departamento Nacional
de Produção Mineral, Rio de Janeiro, Brazil;
LACM, Los Angeles County Museum of Natural
History, Los Angeles, CA, USA; MACN, Museo
Argentino de Ciéncias Naturales “Bernardino
Rivadávia”, Buenos Aires, Argenrina; MCT, Museu
de Ciências da Terra, Rio de Janeiro, Brazil; MN,
Museu Nacional, Rio de Janeiro, Brazil; UFAC,
Universidade Federal do Acre, Rio Branco, Brazil.

GEOLOGICAL SETTINGS

The Solimões Formation is located within the
Acre and Solimões basins (Caputo et al., 1971;
Eiras et al., 1994). The sediments of the Solimões
Formation are continental in origin and composed
mainly of claystones, with calcareous concretions

and calcite as well as gypsum veins, lying in hori-
zontal to subhorizontal beds that can reach thick-
nesses of over 1000 m (Latrubesse et al., 2010).
The depositional environment of the Solimões For-
mation is predominantly floodplain-lacustrine-palu-
dal according to Latrubesse et al. (2010), with the
Andes chain being considered the main source of
the sediments (Latrubesse et al., 1997). Some
workers assigned a late Miocene/Pliocene age to
the Solimões Formation as a whole (e.g.,
Latrubesse, 1992; Latrubesse et al., 1997), but
recent geological, palynological, and sedimento-
logical data suggests a late Miocene age for the
formation (Cozzuol, 2006; Latrubesse et al., 2010),
equivalent to the Huayquerian (∼9–6.8 Ma) South
American Land Mammal Age‒SALMA (Fortier et
al., 2014). 

The holotype of Mourasuchus amazonensis
(DGM-526-R) was collected from an outcrop in the
left bank of the Juruá River, located approximately
4 km upstream from the mouth of the São João
stream, which is a tributary stemming from the right
bank of the Juruá River, in the municipality of
Marechal Thaumaturgo, Acre state, Brazil (Price,
1964; Figure 1). This locality is identified as “Num-
ber 33” in the map of Simpson and Paula-Couto
(1981, figure 32) and was initially interpreted as
being Pliocene in age (Price, 1964), but later works
considered M. amazonensis as coming from the
late Miocene (Bocquentin and Souza-Filho, 1990;
Riff et al., 2010) following the age reassignment of
the Solimões Formation (see Latrubesse et al.,
2010; Ribeiro et al., 2013). 

The specimens UFAC-1424 and LACM-
160157 were both collected in the “Niteroi” locality
of the Solimões Formation, which is located on the
right bank of the Acre River, between the cities of
Rio Branco and Senador Guiomard (S 10º08'30.0’’,
W 67º48'46.3’’– Bona et al., 2013a; UTM 19L
629983 E /8879539 S, datum WGS84 – Kerber et
al., 2018; Figure 1). The Niteroi locality is com-
prised of moderately consolidated claystone lay-
ers, with sandstones and siltstones in smaller
quantities, deposited in a low-energy environment
(Campbell et al., 2006). More information about the
geology of this locality can be found in Latrubesse
(1992) and Negri (2004).

SYSTEMATIC PALEONTOLOGY

Order CROCODYLIA Gmelin, 1789 (sensu Benton 
and Clark, 1988)

Superfamily ALLIGATOROIDEA Gray, 1844 
Family ALLIGATORIDAE Cuvier, 1807
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Subfamily CAIMANINAE Brochu, 1999 
Genus Mourasuchus Price, 1964

Type species. Mourasuchus amazonensis Price,
1964, by original designation. 

Mourasuchus amazonensis Price, 1964
Holotype. DGM-526-R (nearly complete skull with
associated left hemimandible).
Temporal range. Late Miocene.
Occurrences. DGM-526-R (holotype), from the left
bank of the Juruá River, approximately 4 km
upstream from the mouth of the São João stream,
tributary of the Juruá River, municipality of Mare-
chal Thaumaturgo (Price, 1964); UFAC-5269, an
isolated left jugal from the ‘Morro do Careca’ local-
ity, municipality of Feijó (Souza-Filho and Guil-
herme 2011a), Brazilian state of Acre, Solimões
Formation (Figure 1).
Emended diagnosis. Jugal lateromedially
expanded and dorsoventrally flattened (autapo-
morphy) and a tri-lobed incisive foramen (autapo-
morphy); differs from M. atopus and M. arendsi in
having an external naris wider than long; differs

from M. atopus and M. pattersoni in having latero-
medially expanded palatines. Emended from Price
(1964). 
Description. Only the ventral view of the skull of
the holotype could be directly assessed and
described as the dorsal part of the skull is currently
firmly attached to a plaster jacket (Figure 2). A
removal of the jacket could not be done without
risking serious damage to the holotype and was,
therefore, not performed. The morphology of the
skull in dorsal view can only be currently assessed
through the drawing made by Price (1964, figure
1). The drawing generally matches the morphology
of the other Mourasuchus species in both the gen-
eral morphology of the skull as well as in most fea-
tures deemed generally diagnostic of the genus,
such as prefrontals meeting medially, the presence
of accentuated bosses in the anteromedial margins
of the orbits (synapomorphies of Mourasuchus;
Cidade et al., 2017), and the large external naris
(observed also in M. pattersoni but not in M.
arendsi and M. atopus; Cidade et al., 2017).

FIGURE 1. A map of the Brazilian state of Acre modified from Hsiou (2010) and Lopes (2016), with the red stars indi-
cating the respective approximate localities in which were collected the holotype of M. amazonensis (near the city of
Marechal Thaumaturgo) and the specimens UFAC-1424 and LACM-160157 (the Niteroi Site, near the city of Rio
Branco). 
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In ventral view, the general preservation of the
holotype is relatively poor, with many parts of the
skull fragmented and several regions of bone sur-
face eroded (Figures 2, 3, and 4). Nevertheless,
the morphology of the bones observable in ventral
view provides sufficient information for description. 

Both premaxillae are present. The surfaces of
both are severely eroded so that the sutures with
the maxillae could not be confidently distinguished
(Figures 2 and 3). In the left premaxillary tooth row,
only the third alveolous is complete; the other four
alveoli do not preserve their lateral margins. No
alveolus is completely preserved in the right pre-
maxillary tooth row, although wear surfaces can be
seen in the areas that would correspond to the first,
fourth, and fifth premaxillary alveoli. Despite the
poor preservation of the premaxillae, it can be
inferred that Mourasuchus amazonensis exhibited
five premaxillary teeth, as seen in all caimanines
except Paleosuchus (e.g., Brochu, 2011 and
Cidade et al., 2017, Character 87, state 0). Three
premaxillary occlusal fossae can be fully observed:

those corresponding to both first dentary teeth (left
and right) and, in the left premaxilla, that of the
fourth dentary tooth (Figure 3). The latter demon-
strates that the fourth dentary teeth occluded in a

FIGURE 2. Skull of the holotype of Mourasuchus amazonensis (DGM 526-R) in ventral view with schematic drawing.
Abbreviations: ect, ectopterygoid; f, frontal; if, incisive foramen; itf, infratemporal fenestra; j, jugal; m, maxilla; o, orbit;
pal, palatine; pfo, palatine fossa; pm, premaxilla; po, postorbital; pt, pretygoid; q, quadrate; qj, quadatojugal. Scale
equals 20 cm. 

FIGURE 3. Premaxillae of the holotype of Mourasuchus
amazonensis (DGM 526-R) in ventral view. Abbrevia-
tions: if, incisive foramen; of, occlusal fossa. Scale
equals 10 cm. 



CIDADE ET AL.: MOURASUCHUS AMAZONENSIS

6

pit rather than in a notch, as in all Alligatoroidea
except Leidyosuchus canadensis (Brochu, 2011;
Character 91, state 1). In the right premaxilla, a
heavily eroded surface near the contact with the
maxilla may correspond to the occlusal fossa for
reception of the fourth dentary tooth, but this inter-
pretation is only tentative due to the heavy erosion.
The incisive foramen of M. amazonensis is large
and tri-lobed in shape (Figures 2 and 3), distin-
guished from the small, circular foramen of M. pat-
tersoni and from the large, “reversed teardrop-
shaped” foramen described by Bocquentin-Villan-
ueva (1984) for the holotype of M. arendsi, CIAAP-
1297 (see Cidade et al., 2017). The morphology of
the incisive foramen in the holotype of M. arendsi,
however, cannot be confirmed as the ventral por-
tion of the skull of the specimen cannot be visual-
ized as it is firmly attached to a wooden support
(Cidade et al., 2018). 

Both maxillae exhibit severe erosion through-
out their ventral surfaces; this is most pronounced
in the anterior portion of the left maxilla, whereas
the areas of both tooth rows are also severely
damaged (Figure 2). The overall morphology of the
maxillae is congruent with that of all the other
Mourasuchus specimens in being anteroposteriorly
long, lateromedially wide, and dorsoventrally flat-
tened (see Langston, 1965; Bocquentin-Villan-
ueva, 1984; Cidade et al., 2017; Figure 2). The
suture between the maxillae is only partially distin-
guishable (Figure 2). Posteriorly, the sutures con-

necting the left maxilla with both the palatine and
ectopterygoid are evident along most of their mar-
gins. The contact between the left maxilla and the
jugal is discernible, even though the area between
the bones in ventral view is eroded. Although the
corresponding sutures of the right maxilla are dis-
cernible, only a small portion of the suture between
the maxilla and the palatine, and limited points of
contact between the maxilla and the ectopterygoid,
are visible (Figure 2). According to Price (1964),
each maxillae of the holotype of M. amazonensis
had “more than 40 teeth”, but only 14 partially pre-
served alveoli in the left maxilla and eight partially
preserved alveoli in the right maxilla can be
observed in the holotype in its current status. Nev-
ertheless, given the size of the maxillae and the
fact that the number of alveoli in all complete maxil-
lae known for Mourasuchus exceed 40 (see
Langston, 1965; Bocquentin-Villanueva, 1984),
Price’s statement is most likely correct. The poste-
rior-most portions are the best preserved of both
tooth rows. However, the limits between the alveoli
are not preserved in either of these areas. 

The palatines are incompletely preserved,
comprising the medial and part of the dorsal mar-
gins of the suborbital fenestrae (Figure 2). The
suture between the palatines is not evident. The
anterior surface of the palatines is well preserved
until approximately the mid-length of the medial
margin of both suborbital fenestrae, after which the
surface of both elements, especially the right one,

FIGURE 4. Posterior portion of the skull of the holotype of Mourasuchus amazonensis (DGM 526-R) in ventral view.
Abbreviations: itf, infratemporal fenestra; llEc, left lateral Eustachian canal; mEc, median Eustachian canal; o, orbit;
rlEc, right lateral Eustachian canal. 
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is severely eroded. Due to this erosion, no contact
with the pterygoid is preserved. The overall shape
of the best-preserved areas of the palatines sug-
gest they were lateromedially expanded in overall
shape in Mourasuchus amazonensis, which would
be similar to the morphology illustrated for M.
arendsi by Bocquentin-Villanueva (1984) and to
the specimens UFAC-1424 and LACM-160157
(Mourasuchus cf. amazonensis, see below), but
different from that seen in M. atopus and M. patter-
soni, which exhibit lateromedially constricted pala-
tines. However, this can only be stated tentatively
due to the incompleteness of the palatines in the
holotype. 

Both ectopterygoids are very incomplete. The
left ectopterygoid is well preserved only in part of
its anterior-most portion, which forms part of the
lateral margin of the suborbital fenestra (Figure 2).
The suture between this region of the left ectopter-
ygoid and the maxilla is evident. Posterior to this,
only the most internal portions of the left ectoptery-
goid are preserved, especially in the areas adja-
cent to the jugal, but the contact of the
ectopterygoid with the jugal is not clear (Figure 2).
The right ectopterygoid is more complete. How-
ever, two separate portions of the bone can be
seen. One is in the lateral margin of the suborbital
fenestra, contacting the right maxillae laterally (Fig-
ure 2), and the other, which comprises most of
what is preserved of the bone, has been displaced,
possibly during preparation, towards the medial
portion of the skull in the posterior portion of the
right suborbital fenestra (Figure 2). This displaced
portion of the right ectopterygoid preserves the
posterior part of the anterior process and the most
lateral part of the pterygoid process of the ectopter-
ygoid (sensu Brochu, 2011, Character 119). 

The pterygoids are very damaged in all ven-
tral surfaces. The only significant part of the ventral
surface of the pterygoids that is preserved is the
section of the right pterygoid that is attached to the
displaced right ectopterygoid, contacting it dorsally
(Figures 2 and 4). Most pterygoid parts observable
in the holotype belong to the interior areas of the
bone, including sections of the middle and both lat-
eral Eustachian canals (Figures 2 and 4). The sec-
ondary choana cannot be observed. 

Both postorbitals, both laterosphenoids, and
the frontal can be seen in ventral view. However, all
these bones are very fragmented (Figure 2) and lit-
tle can be described. The ventral portions of the
postorbital plates can be seen in both sides,
whereas the dorsomedial portion of the descending
process of the postorbital can be seen in the left

bone (Figure 2). None of the detailed structures of
the laterosphenoids, such as the trigeminal fora-
men, are clearly preserved. The ventral portion of
the frontal can be seen (Figure 2), but the cristae
cranii frontales, a pair of crests that surround the
olfactory tract in extant crocodylians (Iordansky,
1973), are severely damaged. 

The jugals are nearly complete, except for
eroded areas in the most posterior regions of both
bones (Figure 2). The sutures with the quadratoju-
gals are evident along their length, except for the
extreme most posterior portion of the right suture

FIGURE 5. Anterior portion of the left mandibular ramus
of the holotype of Mourasuchus amazonensis (DGM
526-R) in dorsal (1), medial (2) and lateral (3) views.
Scale equals 5 cm. 
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and the most anterior portion of the left suture. The
ascending process of the jugal is preserved in both
bones, forming the postorbital bar together with the
descending processes of the postorbital. The sub-
temporal rami of the jugals, which are adjacent to
the lateral margin of the infratemporal fenestrae,
are lateromedially expanded and dorsoventrally
flattened, distinct from the lateromedially slender,
dorsoventrally flattened rami of M. atopus and M.
arendsi, and from the both lateromedially and dor-
soventrally expanded rami of M. pattersoni (see
Cidade et al., 2017, fig. 8). 

The posterior ends of both quadratojugals are
eroded, whereas their ventral surfaces are also
severely fragmented (Figures 2 and 4). The
quadratojugals comprise the entire posterior angle
of the infratemporal fenestrae, excluding the jugals
(Figure 2), as it is common among alligatorid croc-
odylians (see Brochu, 1997). Both quadratojugals
bear anterior processes in the lower temporal bar
(Figure 2), a common morphology among non-
crocodyloid crocodylians (Brochu, 1997, 2011).

Finally, the quadratojugals comprise at least half of
the posteriomedial margin of the infratemporal
fenestrae in ventral view. However, it is not possi-
ble to observe whether the quadratojugal reached
the dorsal end of the posterior margin of the infra-
temporal fenestrae since this end cannot be visual-
ized in the holotype in ventral view. The sutures
with the quadrates are partially evident in both
sides; only an anterior portion of the suture is evi-
dent in the right side, whereas most of the posterior
portion is evident in the left side (Figure 2). 

The quadrates are severely damaged along
their posterior margins and ventral surfaces (Fig-
ures 2 and 4), and the quadrate condyles are not
preserved. However, in both it is possible to
observe the crest A’ of Iordansky (1973), which in
Caiman latirostris is an insertion point of the m.
adductor mandibular externus (Bona and Desojo,
2011). Despite the poor preservation of the ptery-
goids, the contact of these bones with the quad-
rates is mostly discernible (Figure 2), whereas the

FIGURE 6. Posterior portion of the left mandibular ramus of the holotype of Mourasuchus amazonensis (DGM 526-R)
in medial (1), dorsal (2) and lateral 93) views. Scale equals 10 cm. 
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contact of the quadrates with the laterosphenoids
is not evident. 

The orbits of the holotype are circular,
whereas the infratemporal fenestrae are roughly
triangular in shape. The anteromedial extremity of
the left infratemporal fenestra is pointed, whereas
that of the right fenestra is rounded (Figures 2 and
4). This difference may be due to taphonomic dis-
tortion of the right fenestra. The infratemporal
fenestrae are larger than the orbits, which is a
unique feature of Mourasuchus among crocodyl-
ians (Bona et al., 2013a; Cidade et al., 2017). 

Although Price (1964) mentioned the pres-
ence of “mandibulae”, in the plural, only a nearly
complete left dentary, with part of the anterior por-
tion of the splenial, could be located at the collec-
tion (Figures 5 and 6). It preserves 33 alveoli, less
than the “more than 40” teeth mentioned by Price
(1964). However, as parts of the tooth row are not
preserved, the number of more than 40 teeth is
plausible and congruent with other descriptions of
Mourasuchus (Langston, 1965; Bocquentin-Villan-
ueva, 1984; Bocquentin and Souza-Filho, 1990;
Cidade et al., 2017). Salas-Gismondi et al. (2015)
stated that the first four alveoli are the largest in
Mourasuchus, but in the holotype of M. amazonen-
sis the fifth alveolus is also noticeably larger than
the posterior ones (Figure 5.1), being closer to the
first four alveoli in size. Six teeth are preserved in
situ, although only two (in the eighth and ninth
alveolous) are complete (Figure 7.3-7. 4), while the
first tooth is almost complete (Figure 7.1-7.2).
These teeth are conical, with unserrated carinae;
the ninth tooth displays clear longitudinal striae,
whereas the eighth has much of its enamel surface
worn (Figure 7.3-7.4). The dentition of Mourasu-
chus is, thus, similar to that of most crocodylians
(see Prasad and Broin, 2002; Souza et al., 2016).
The mandibular symphysis does not extend
beyond the first alveolus (Figure 5.1), a morphol-
ogy that is unique to Mourasuchus among Croco-
dylia (Cidade et al., 2017). As most of the splenial
is absent, the interior of the Meckelian canal of the
dentary can be visualized in medial view (Figure
6.1). The anterior portion of the splenial is present
but not well preserved, thus it cannot be stated
whether the anterior end of the splenial was dorsal
or ventral to the Meckelian groove (see Brochu,
1997, Character 50; Brochu, 2011, Character 54). 

Mourasuchus cf. amazonensis Price, 1964
Temporal range. late Miocene
Occurrences. UFAC-1424 (posterior portion of the
skull comprised by partial prefrontals, frontal,
postorbital, parietal, squamosals, quadrates,

quadratojugals, jugals, exoccipitals, pterygoids,
ectopterygoids, partial lateosphenoids, partial pala-
tines with associated left mandible comprised by
partial dentary, partial surangular and partial angu-
lar; attributed to Mourasuchus nativus by Bocquen-
tin and Souza-Filho, 1990; Figures 8, 9, 10, 11, 12
and 13) and LACM-160157 (posterior portion of the
skull comprised by frontal, postorbital, parietal,
squamosals, quadrates, quadratojugals, jugals,
exoccipitals, basioccipital, pterygoids, ectoptery-
goids, laterosphenoids, palatines, and indetermi-
nate fragments; Figures 14, 15, 16, 17, 18, 19, 20,
and 21). Both specimens are from the “Niteroi”
locality, right bank of the Acre River, between the
cities of Rio Branco and Senador Guiomard (S
10º08'30.0’’, W 67º48'46.3’’– Bona et al., 2013a;
UTM 19L 629983 E /8879539 S, datum WGS84 –
Kerber et al., 2018; Figure 1), Brazilian state of
Acre, Solimões Formation.
Description. only UFAC-1424 preserves the pre-
frontals, albeit just their most posterior portions
(Figure 8). The prefrontals meet medially, as in all
Mourasuchus species and other Caimaninae taxa
such as Purussaurus, Globidentosuchus brachyro-
stris, Caiman brevirostris, C. wannlangstoni, C.

FIGURE 7. The most complete teeth of the anterior por-
tion of the left mandíbular ramus of the holotype of
Mourasuchus amazonensis (DGM 526-R): the first tooth
in lingual (1) and labial (2) views, and the eighth and
ninth teeth in lingual (3) and labial (4) views. Scale
equals 1 cm. 
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yacare, and some individuals of C. crocodilus, C.
latirostris and Melanosuchus niger (see Brochu,
2011, 2013; Scheyer et al., 2013; Bona et al.,
2017; Cidade et al., 2017; Fernández-Blanco et al.,
2018; Souza-Filho et al., 2019). The lateral-most
portions of the postorbitals are absent, including
the area around the orbits that is upturned in most
caimanines, including Mourasuchus species (see
Brochu, 1997, 1999; Cidade et al., 2017).

Both UFAC-1424 and LACM-160157 preserve
the frontal, postorbital, parietal, squamosals, quad-
rates, quadratojugals, jugals, exoccipitals, ptery-
goids, ectopterygoids, laterosphenoids, and
palatines.

The frontal is incomplete in both specimens.
In UFAC-1424 the frontal lacks most of the lateral
portions, except for the posterior-most parts, in
which the bone is elevated (Figure 8) as in all
Mourasuchus and most caimanines except Cule-
brasuchus, Globidentosuchus, Gnatusuchus and
Kuttanacaiman (Souza-Filho et al., 2019). In
LACM-160157, most of the anterior portion of the
frontal is absent, although the preserved lateral
portions of the bone demonstrate that the medial

margins of the orbits are upturned (Figure 14). The
interorbital bar is broad, as in all Mourasuchus
specimens (see Langston, 1965; Bocquentin-Vil-
lanueva, 1984; Scheyer et al., 2013; Scheyer and
Delfino, 2016; Cidade et al., 2017; Figures 8 and
14). The frontal of UFAC-1424 is short, likely not
reaching the anterior portion of the orbits, as seen
in several caimanines such as Mourasuchus ato-
pus, Purussaurus neivensis, P. mirandai, Gnatusu-
chus, Globidentosuchus, Kuttanacaiman, and
Caiman wannlangstoni. The frontal contacts the
postorbitals, posterolaterally, and the parietal, pos-
teriorly (Figures 8 and 14). The frontoparietal
suture is linear in UFAC-1424 (Figure 8) but is
anteriorly concave in LACM-160157 (Figure 14).
This variation is also seen in extant caimanine spe-
cies (G. Cidade, personal observation).

The postorbitals form the anterolateral cor-
ners of the skull table in both specimens, as it is
common in Crocodylia (see Iordansky, 1973; Fig-
ures 8 and 14). The descending processes of the
postorbital are not preserved in UFAC-1424 and
have only their dorsal-most parts preserved in
LACM-160157. As such, it is not possible to con-
firm whether the postorbitals contacted the quad-
rate, the quadratojugal, or both, in the dorsal
corner of the infratemporal fenestrae (Brochu,
2011, Character 143). The postorbitals contact the

FIGURE 8. Skull of UFAC-1424 (Mourasuchus cf. M.
amazonensis) in dorsal view with schematic drawing.
Abbreviations: f, frontal; itf, infratemporal fenestra; j,
jugal; p, parietal; pf, prefrontal; po, postorbital; q, quad-
rate; qj, quadatojugal; so, supraoccipital; sq, squamosal;
stf, supratemporal fenestra. Scale equals 10 cm.

FIGURE 9. Skull of UFAC-1424 (Mourasuchus cf. M.
amazonensis) in occipital view with schematic drawing.
Abbreviations: ex, exoccipital; ptf, postemporal fenestra;
q, quadrate; qj, quadratojugal; so, supraoccipital; sq,
squamosal. Scale equals 10 cm.
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partietal laterally, the squamosals posteriorly, and
form the anterolateral borders of the supratemporal
fenestrae. 

The parietal is roughly pentagonal in shape in
both specimens (Figures 8 and 14). The parietal
median crest, which is well-developed in all
Mourasuchus specimens (see Gasparini, 1985;
Bona et al., 2013a and 2013b; Scheyer and
Delfino, 2016; Cidade et al., 2018), is not pre-
served in UFAC-1424 (although an eroded area in
the medial portion of the parietal may represent the
location where the parietal crest was situated
before being fragmented) and is preserved only in
its most posterior portion in LACM-160157. The
parietal forms the medial part of the supratemporal
fenestrae and contacts the squamosals, posterolat-
erally, and the supraoccipital, posteriorly (Figures 8
and 14). The supratemporal fenestrae of both
specimens are small with the entirety of their mar-
gins overhung by the dermal bones of the skull
table (Figures 8 and 14), as in most caimanines
except Culebrasuchus and Purussaurus (see Hast-
ings et al., 2013; Cidade et al., 2017). The fenes-
trae of the two specimens are tri-lobed in shape
(Figure 8 and 14), although the right fenestra of
UFAC-1424 is eroded along its lateral and antero-
lateral margins (Figure 8). Variation in the shape of
the supratemporal fenestrae between circular and
tri-lobed has been observed among Mourasuchus
specimens by Bona et al. (2013b).

The squamosal is nearly completely pre-
served in both specimens. They exhibit the squa-
mosal eminences (“horns”) that have been
observed in all Mourasuchus specimens that pre-

serve the squamosal (see Gasparini, 1985; Boc-
quentin and Souza-Filho, 1990; Bona et al., 2013a
and 2013b; Scheyer and Delfino, 2016; Cidade et
al., 2017, 2018; Figures 8, 9, 13, 14 and 15). This
feature is well-developed in both specimens. In
dorsal view, the squamosals contact the supraoc-
cipital laterally and form the posterolateral margin
of the supratemporal fenestrae (Figures 8 and 14).
In occipital view, the squamosals contact the
supraoccipital medially and the exoccipital ven-
trally. The squamosals also form the lateral mar-
gins of the postemporal fenestrae in both
specimens in addition to forming nearly half of the
dorsal margin of the fenestrae in UFAC-1424 and
nearly all of the dorsal margin of the fenestrae in
LACM-160157 (Figures 9 and 15). This variation
had not been observed in previous works. In lateral
view, the squamosals contact the quadrates ven-
trolaterally and constitute most of the posterior bor-
der of the otic opening of the tympanic cavity
(Figure 13), except in the right side of UFAC-1424,
in which the otic opening is preserved only in its
most dorsal portion. 

The supraoccipital is completely preserved in
both dorsal and occipital views in both specimens
(Figures 8, 9, 14, and 15). In dorsal view, the
supraoccipital is well-exposed within the skull
table, excluding the parietal from the posterior mar-
gin of the skull table (Figures 8 and 14) as is seen
in most caimanines except Purussaurus neivensis,
P. mirandai, Paleosuchus, and Tsoabichi (see
Langston, 1965; Aguilera et al., 2006; Brochu,
2010; Cidade et al., 2017; Souza-Filho et al.,
2019). In these two specimens, the supraoccipital
is highly elevated in occipital view (Figures 9 and
15), albeit not as much as the squamosals; in
another Mourasuchus specimen, AMNH-14441
(see Cidade et al., 2019b), the supraoccipital is as
elevated as the squamosals in the posterior portion
of the skull table. This difference is potentially
explicable via ontogenetic variation (see Cidade et
al., 2019b). In occipital view, the supraoccipital
bears a median crest, which is significantly larger
in UFAC-1424 than in LACM-160157. This crest
has been proposed to serve as attachment area for
cervical muscles in Mourasuchus (Bona et al.,
2013b). Also in occipital view, the supraoccipital
contacts the exoccipitals ventrally and ventrolater-
ally and forms the medial margin, the medial-most
portions of the dorsal margin, and the medial por-
tion of the ventral margin of the postemporal fenes-
trae (Figures 9 and 15). These fenestrae are large
and represent the openings for the orbitotemporal
canals, which are anteroposteriorly deep in both

FIGURE 10. Posterior portion of the palate
of UFAC-1424 (Mourasuchus cf. M. amazonensis) in
ventral view. Abbreviations: ect, ectopterygoid; pal, pal-
atine; pfo, palatine fossa; pt, pterygoid. Scale equals 5
cm. 
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specimens. The large size of both the postemporal
fenestrae and the orbitotemporal canals is a mor-
phology shared with other Mourasuchus speci-
mens (see Bona et al., 2013b; Cidade et al.,
2019b). 

Both quadrates are nearly completely pre-
served in both specimens. The lateral hemicon-
dyles are eroded in UFAC-1424 (Figure 9) but are
nearly completely preserved in LACM-160157 (Fig-
ure 15). As in all alligatoroids, they are larger than
the medial hemicondyles (Brochu, 2011; Character
181-1), (Souza-Filho et al., 2019). The foramen

FIGURE 11. Left mandibular ramus of UFAC-1424 (Mourasuchus cf. M. amazonensis) in dorsal (1), lateral (2) and
medial views (3). Abbreviations: d, dentary; sp, splenial. Scale equals 10 cm. 

FIGURE 12. Posterior portion of the left mandible of
UFAC-1424 (Mourasuchus cf. M. amazonensis) in lateral
view. Abbreviations: ang, angular; emf, external mandib-
ular fenestra; san, surangular. Scale equals 5 cm.

FIGURE 13. Skull table of UFAC-1424 in left lateral view.
Abbreviations:; f, frontal; ootc, otic opening of the tym-
panic cavity; q, quadrate; sq, squamosal. Scale equals 5
cm.
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aereum is located within a notch on the dorsal sur-
face of the quadrate (Brochu, 2011; Character 181-
1), a morphology observed in most alligatoroids
(Brochu, 2011) (Brochu, 2011; Character 177-1)
(Cidade et al., 2017; Souza-Filho et al., 2019). In
ventral view, the crest A of the quadrate (sensu Ior-
dansky, 1973) can be seen in the quadrates of both
specimens. The quadrates contact the quadratoju-

gals medially and posteromedially, the exoccipitals
medially (Figures 9 and 15), and the squamosals
dorsally (Figure 13). In lateral view, the quadrates
also comprise the anterior and ventral margins of
the otic openings of the tympanic cavities (Figure
13), except in the right side of UFAC-1424 in which
the opening is preserved only in its most dorsal
portion.

Only the posterior portions of the quadratoju-
gals are preserved in LACM-160157, and these
are not articulated with either the quadrates or the
jugals (Figure 16). In UFAC-1424, however, the
quadratojugals are almost completely preserved
and articulated with the quadrates medially and
with the jugals anterolaterally (Figures 8 and 9). In
this specimen, the quadratojugals extend pro-
cesses medially to the jugal and anteriorly to the
quadrates (Figure 8). However, it is not possible to
state whether the quadratojugal reached the dorsal
angle of the infratemporal fenestrae as the medial-
most portions of the medial processes of the
quadratojugals are not preserved in UFAC-1424. In
LACM-160157, the anterolateral margins of the
quadrates preserve the sutures with the quadrato-
jugals throughout most of the margin, but the
sutures are not evident in the most dorsal portion
of the quadrate. As such, it is also not possible to
state whether the quadratojugal reached the dorsal
angle of the infratemporal fenestrae in LACM-
160157. In UFAC-1424, the quadratojugal com-
prises all of the posterior border of the infratempo-
ral fenestrae (Figure 8). 

With the exception of their eroded anterior
portions, the jugals are nearly completely pre-
served in both specimens (Figure 8). The jugals of
UFAC-1424 are articulated with other remains of
the skull (Figure 8), whereas those of LACM-
160157 are isolated (Figure 17). The subtemporal
rami of the jugals of both specimens are laterome-
dially wide and dorsoventrally flattened (Figures 8
and 17), the same as the morphology seen in the
holotype of Mourasuchus amazonensis (see
above). This is an autapomorphy of the species
and one of the characters that allows for the
assignment of UFAC-1424 and LACM-160157 to
Mourasuchus cf. amazonensis (see below).

The exoccipitals are nearly completely pre-
served in LACM-160157 (Figure 15), whereas the
most ventral portions of these bones are eroded in
UFAC-1424, especially in the left bone (Figure 9).
The two exoccipitals meet medially, preventing the
supraoccipital from reaching the foramen magnum
(Figures 9 and 15). Their surfaces are smooth,
without the presence of a boss in the paraoccipital

FIGURE 14. Posterior portion of the skull of LACM-
160157 (Mourasuchus cf. M. amazonensis) in dorsal
view with schematic drawing. Abbreviations: f, frontal; p,
parietal; po, postorbital; q, quadrate; so, supraoccipital;
sq, squamosal; stf, supratemporal fenestra. Scale
equals 10 cm.
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processes, a common morphology in crocodylian
taxa (Iordansky, 1973; Brochu, 2011; Souza-Filho
et al., 2019). These bones form the lateral portion
of the ventral margin of the postemporal fenestrae.
In LACM-160157 each exoccipital sends slender
ventral processes lateral to the basioccipital, but
these do not comprise the basioccipital tubera
(Brochu, 2011; Character 176-2; Figure 15), as in
most caimanines except Culebrasuchus (see Bro-
chu, 2011; Hastings et al., 2013; Cidade et al.
2017; Souza-Filho et al., 2019). 

The basioccipital is preserved only in LACM-
160157 (Figure 15). The bone forms the occipital
condyle dorsally (Figure 15), and the basioccipital
plate and the basioccipital tubera ventrally, as in
most non-gavialoid crocodylians (see Brochu,
1997). The basioccipital plate exhibits a median
crest, which in crocodylians serves as the attach-
ing surface for the tendons of the m. occipitotrans-
versalis profundus and m. basioccipitalvertebralis
(Iordansky, 1973; Bona et al., 2013b). The basioc-
cipital forms the posterior margin of the ventral por-
tions of the Eustachian canals (the medial canal as
well as the lateral ones) and anteriorly contacts the
basisphenoid (also only preserved in LACM-
160157), which comprises the anterior margin of
the same structures. The basisphenoid is also
exposed in the anterior area of the braincase of
LACM-160157, although the basisphenoid rostrum
is only preserved in its most posterior portion.

Both specimens preserve parts of the ptery-
goids, mostly comprised of the ventral portions of
the bones (Figures 10 and 18). Although abraded,
LACM-160157 preserves most of the ventral por-
tions of the pterygoids, except for the medial-most
portions of the anteriormost and posteriormost
parts (Figure 18). Due to erosion in the posterior-
most region, the exit of the secondary choana is
not preserved in LACM-160157. The pterygoids of
UFAC-1424 are more incomplete, missing most of
the medial portions of both bones and the medial
part of the anterior portion of the right pterygoid
(Figure 10). The secondary choana is also not pre-
served in this specimen. In both specimens, how-
ever, it is possible to observe that the pterygoids
contact the ectopterygoids, laterally and anterolat-
erally, whereas in UFAC-1424 it is possible to
observe the pterygoids contacting the palatines
anteriorly (Figures 10 and 18). LACM-160157 also
preserves part of the most dorsal portions of the
pterygoids, which form part of the lateral walls of
the braincase via contact with the basisphenoid
anteromedially, the quadrates posterolaterally and
the laterosphenoids dorsally, as is similarly
described for other specimens of Mourasuchus by
Bona et al. (2013b). These dorsal portions of the
pterygoids are not preserved in UFAC-1424.

The two ectopterygoids of both specimens are
present and articulated with the pterygoids (Fig-
ures 10 and 18). Those of UFAC-1424 are nearly
completely preserved (Figure 10), whereas the left
ectopterygoid of LACM-160157 has its anterior and
lateral portions eroded, and the right ectopterygoid
of the same specimen has both the anterior and
the posterior portions eroded (Figure 18). The

FIGURE 15. Posterior portion of the skull of LACM-
160157 (Mourasuchus cf. M. amazonensis) in occipital
view with schematic drawing. Abbreviations: bo, basioc-
cipital; ex, exoccipital; fm, foramen magnum; oc, occipi-
tal condyle; ptf, postemporal fenestra; q, quadrate; qj,
quadratojugal; so, supraoccipital; sq, squamosal. Scale
equals 10 cm.

FIGURE 16. Left (1) and right (2) quadratojugals of
LACM-160157 (Mourasuchus cf. M. amazonensis) in
dorsal view. Scale equals 5 cm.
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ectopterygoids preserve the anterior and the poste-
rior (“pterygoid”) processes and comprise the pos-
terolateral margin of the suborbital fenestrae, as in
most crocodylians (see Brochu, 1997). The mor-
phology preserved in UFAC-1424 (Figure 10) sug-
gests that the ectopterygoids did not meet the
palatines in the posterior border of the suborbital
fenestrae, thereby allowing the pterygoids to con-
tact the fenestrae; this morphology is seen in most
crocodylians except Caiman yacare (Brochu,
1997). However, this interpretation is stated tenta-
tively because the posterior border of the subor-
bital fenestrae is filled with an epoxy material in
UFAC-1424.

The posterior portions of both palatines and
most of the lateral portion of the left palatine are
preserved and articulated posteriorly with the pter-
ygoids in UFAC-1424 (Figure 10). LACM-160157
preserves an almost complete right palatine and a
left palatine that lacks most of its anteromedial por-
tion and part of its anterolateral portion (Figure 19).
The palatines of both specimens are lateromedially
wide, as in the holotypes of M. amazonensis (see
above) and M. arendsi, but distinct from the holo-

types of M. atopus and M. pattersoni (see
Langston, 1965; Bocquentin-Villanueva, 1984;
Bocquentin and Souza-Filho, 1990; Scheyer and
Delfino, 2016; Cidade et al., 2017). This is one of
the features that allows assignment of these speci-
mens to Mourasuchus cf. amazonensis (see
below). 

FIGURE 17. Left (1) and right (2) jugals of LACM-160157 (Mourasuchus cf. M. amazonensis) in dorsal view. Scale
equals 10 cm.

FIGURE 18. Posterior portion of the palate (pterygoid
and ectopterygoids) of LACM-160157 (Mourasuchus cf.
M. amazonensis) in ventral view. Abbreviations: ect,
ectopterygoid; pt, pterygoid. Scale equals 10 cm.
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Both laterosphenoids are preserved in LACM-
160157 (Figure 20), exhibiting the caudal and the
lateral bridges, the capitate processes, and the
opening of the trigeminal fossa (trigeminal fora-
men). The laterocaudal bridge (sensu Bona et al.,
2011; see Bona et al., 2013a) is not completely
preserved in LACM-160157, but the dorsal portions
of the bridge can be seen in the medial area of the
dorsal margin of the trigeminal foramen, especially
in the left laterosphenoid, evidencing the presence
of the structure in this specimen. Most of the ante-
rior surface of the braincase is absent in UFAC-
1424, with only an eroded remnant of the dorsal-
most portion visible. As such, it is possible that
parts of the capitate processes are preserved, but
other structures of these bones are absent.

LACM-160157 also has three very fragmen-
tary remains that possibly come from the rostrum
(Figure 21). One of them (Figure 21.1) may repre-
sent part of one of the maxillae or parts of the pre-
frontal or the lacrimal, whereas the other two are
too fragmentary to allow any identification. 

UFAC-1424 preserves a fragmentary left man-
dible comprised of the dentary with small parts of
the splenial (Figure 11) and the posterior portion of
a left mandible (Figure 12). The anterior portion of

the dentary, including the symphysis, is absent.
The ventral portion of the dentary fragment is more
complete than the dorsal one, which includes the
tooth row (Figure 11), and may be preserved
through to the posterior end of the dentary. The
tooth row preserves 18 alveoli, which are roughly
equal in size. Given that the first four or five alveoli
are significantly large than the posterior ones in
Mourasuchus (see Salas-Gismondi et al., 2015,
and above), this fragment almost certainly rep-
resents a medial portion of the dentary. In medial
view, part of the splenial and a groove that corre-
sponds to the Meckelian canal, where the rest of
the splenial would articulate with the dentary, can
be seen (Figure 11.3). In the most anterior portion
of the fragment, part of the canal is closed by a
small remnant of the medial portion of the left sple-
nial (Figure 11.3), but no other parts of the medial
portion of this bone are preserved. 

The posterior portion of the left mandible com-
prises incomplete parts of the posterior portions of
the surangular and angular (Figure 12) and an
incomplete anteroventral portion of the articular, all
of which are articulated. In lateral view, the angu-
lar-surangular suture probably contacts the exter-
nal mandibular fenestra at the posterior angle

FIGURE 19. Right (1) and left (2) palatines of LACM-160157 (Mourasuchus cf. M. amazonensis) in ventral view.
Scale equals 10 cm. 



PALAEO-ELECTRONICA.ORG

17

(Brochu, 2011, Character 60-0; Figure 12), as in
most alligatoroids (Cidade et al., 2017), but deteri-
oration in the anterior portion of the suture leaves
some doubt about this. In dorsal view, the articular
flushes against the surangular, and there is no sul-
cus between the two bones (Brochu, 2011, Char-
acter 74-1), as in most non-gavialoid crocodylians
(Brochu, 1997, 2011). 

DISCUSSION

The current impossibility of reassessing the
dorsal region of the skull of the holotype precludes
framing a formal diagnostic statement with regards
to the taxonomic status of Mourasuchus nativus
and of the two specimens here described (LACM-
160157 and UFAC-1424).

Mourasuchus nativus (Gasparini, 1985) was
considered a junior synonym of M. arendsi by
Scheyer and Delfino (2016) as its holotype (an iso-
lated skull table from the late Miocene outcrops of
the “Conglomerado osífero”, Ituzaingó Formation,
Argentina) is not distinct from the holotype of M.
arendsi, mainly due to the fact that both exhibit
squamosal eminences (“horns”) and an elevated
median crest in the parietal bone. The squamosals
and the parietal are not preserved in the holotype
of M. atopus (Langston, 1965) and were covered

by plaster in the holotype of M. pattersoni (Cidade
et al., 2017); in the holotype of M. amazonensis,
however, the squamosal and the parietal may theo-
retically be reexamined. This cannot be currently
done due to the attachment of the dorsal surface to
a plaster jacket. An eventual confirmation of the
presence of the squamosal horns and of the pari-
etal median crest in the holotype of M. amazonen-
sis (DGM 526-R) would make it indistinguishable
from that of M. nativus, thus rendering the latter
species a nomen dubium and not only the junior
synonym of M. arendsi (see Cidade et al., 2018). 

UFAC-1424 and LACM-160157 share with the
holotype of Mourasuchus amazonensis a jugal
bone in which the subtemporal ramus is laterome-
dially wide and dorsoventrally flattened. Addition-
ally, we tentatively interpreted UFAC-1424 and
LACM-160157 as sharing with the holotype latero-
medially expanded palatines (although these
bones are severely incomplete in the holotype, so
this must be stated with caution), whereas the
other diagnostic characters of M. amazonensis
(external naris wider than long and tri-lobed inci-
sive foramen) are not preserved in either of the
specimens.

UFAC-1424 and LACM-160157 also exhibit
squamosal eminences, while the latter specimen
preserves part of the parietal median crest and the
former exhibits an eroded area on the parietal that
may represent a remnant of this crest. As such,
while both specimens clearly have affinities with M.
amazonensis, uncertainties regarding the dorsal
morphology of the holotypic skull (DGM 526-R) in
dorsal view (especially pertaining to the presence
of the squamosal eminences and the parietal
median crest) precludes a definitive assignment of
these specimens to M. amazonensis, hence their

FIGURE 20. Anterolateral portions of the braincase of
LACM-160157 in right (1) and left (2) views. Scale
equals 5 cm. 

FIGURE 21. Three tentative rostral fragments of LACM-
160157 (Mourasuchus cf. M. amazonensis). Scale
equals 5 cm. 
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assignment as Mourasuchus cf. amazonensis in
this paper. 

The presence of squamosal eminences and
the parietal median crest in the holotype of
Mourasuchus amazonensis is here considered
probable, since these two structures are seen in all
Mourasuchus specimens that preserve the squa-
mosal and the parietal (see Gasparini, 1985; Boc-
quentin and Souza-Filho, 1990; Bona et al., 2013a
and 2013b; Scheyer and Delfino, 2016; Cidade et
al., 2017, 2018, 2019b). The original drawing of the
holotypic skull of M. amazonensis does not clearly
depict the presence of hypertrophy in the squamo-
sals. However, Price (1964) states that the skull
table exhibits an “osseous excess” that “almost
obliterates” the supratemporal fenestrae. Such
description matches the squamosal hypertrophy
observed in the other Mourasuchus specimens,
and in one Mourasuchus specimen in which the
squamosal hypertrophies are particularly large
(AMNH-14441), the supratemporal fenestrae are
obliterated (Cidade et al., 2019b). However, this
description may also be related to the elevation of
the bones surrounding the supratemporal fenes-
trae (see Brochu, 2011, Character 152), which is
present in most caimanines, including Mourasu-
chus (Brochu, 2011; Cidade et al., 2017, 2019b).
These observations notwithstanding, only an even-
tual direct reexamination of the dorsal morphology
of the skull of the holotype can provide definitive
evidence as to the presence or absence of these
structures, as well as answering the attendant tax-
onomic questions that are dependent on this evi-
dence. 

Despite the taxonomic issues surrounding
Mourasuchus nativus, LACM-160157 and UFAC-
1424, M. amazonensis can nonetheless be confi-
dently distinguished from the species M. atopus,
M. arendsi, and M. pattersoni (see Table 1 and
Emended Diagnosis above). This observation pre-
serves the status of M. amazonensis as a valid
species despite any taxonomic reviews pertaining
to M. nativus or LACM-160157 and UFAC-1424.
Moreover, the genus Mourasuchus is one of the

most distinct and recognizable taxa within crocody-
lian alligatoroids, being consistently recovered as a
monophyletic group (Bona et al., 2013a, 2018;
Salas-Gismondi et al., 2015; Cidade et al., 2017,
2018) and supported by a large number of unique
characters (Cidade et al., 2017). 

The eventual examination of the complete
morphology of the holotypic skull of M. amazonen-
sis and the possible eventual assignment of
LACM-160157 and UFAC-1424 to the species may
contribute significant new information to cladistic
datasets that include the taxon, which are currently
only represented by the holotype (Cidade et al.,
2017). The only phylogenetic analyses published
to date to include all valid Mourasuchus species
(Cidade et al., 2017, 2018) found M. amazonensis
to be closely related to M. pattersoni, whereas M.
atopus and M. arendsi form another clade within
the genus. The clade formed by M. amazonensis
and M. pattersoni is supported by a single shared
character: an external naris that is wider than long
(see Cidade et al., 2017, Character 83, which is
modified from Brochu, 2011, Character 83). How-
ever, a thorough reanalysis of the complete pre-
served morphology of the skull of M. amazonensis
may force a reassessment of this scenario, in addi-
tion to further contributing to our general under-
standing of the phylogenetic relationships between
the Mourasuchus species and between the genus
and other caimanine alligatoroids. 
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APPENDIX 1

List of osteological specimens of extant caimanine species used for anatomical comparison

Caiman crocodilus: AMNH-R-43291, AMNH-R-73048, AMNH-R-137179, 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-1041, MN-1254, MN-
1255, MN-1455, MN-2333, MN-9756, MN-11254, MN-24588.

Caiman yacare: AMNH-R-97305, MACN-30540, MACN-30542, MACN-30558, MACN-30593,
MACN-30595, MACN-30601, MACN-30602, MACN-30637, MACN-I-8267, MN-68, MN-1259,
MN-9755, MN-12127. 

Melanosuchus niger: AMNH-R-58130, MCT-286-RR, MN-61, MN-63, MN-64, MN-66, MN-81,
MN-3174. 

Paleosuchus palpebrosus: AMNH-R-93812, AMNH-R-97326, MCT-269-RR, MCT-291-RR, MN-
317, MN-2356. 

Paleosuchus trigonatus: AMNH-R-58136, AMNH-R-66391, MN-65, MN-2491, MN-9757.
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