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Abstract. Sebecidae is a clade of notosuchian crocodyliforms that includes mainly terrestrial 25 

predators from the Paleogene of South America. Its anatomical features are mostly known 26 

from external cranial morphology, whereas the neurocranial and internal anatomy remain 27 

largely unexplored. Here, we investigate the internal rostral anatomy of Sebecus ayrampu 28 

based on computed tomography (CT) data, in order to better understand the nasopharyngeal 29 

ducts and paranasal sinus system in this enigmatic group, as well as the implications for the 30 

evolution of these structures in Crocodyliformes. In this way, we expand the sampling within 31 

Notosuchia and provide new insights into their cranial pneumaticity, the development of 32 

glandular structures, and functional morphology. 33 

Key words. Mealla Formation. Northwestern Argentina. Paleocene. Notosuchia. Sebecoidea. 34 

Sebecidae. 35 

 36 

Resumen. Nueva evidencia sobre los sistemas nasofaríngeo y paranasal en cocodriliformes 37 

sebécidos: el caso de Sebecus ayrampu. Sebecidae es un clado de crocodyliformes 38 

notosuquios que incluye principalmente depredadores terrestres del Paleógeno de América 39 

del Sur. Sus rasgos anatómicos son conocidos principalmente por su anatomía craneal 40 

externa, mientras que su anatomía neurocraneana e interna permanecen poco exploradas. En 41 

este trabajo, investigamos la anatomía interna del rostro de Sebecus ayrampu basándonos en 42 

datos de tomografía computada (TC), con el fin de comprender el conducto nasofaríngeo y el 43 

sistema de senos paranasales en este enigmático grupo, así como las implicaciones para la 44 

evolución de estas estructuras en Crocodyliformes. En este sentido, expandimos el muestreo 45 

dentro de Notosuchia y aportamos nuevos conocimientos sobre la neumaticidad craneal, el 46 

desarrollo de estructuras glandulares y morfología funcional.  47 

Palabras clave. Formación Mealla. Noroeste argentino. Paleoceno. Notosuchia. Sebecoidea. 48 

Sebecidae.  49 



 

Introduction 50 

 Sebecidae constitutes an extinct clade of notosuchian crocodyliforms characterized by 51 

distinctive morphological adaptations that markedly differentiate them from extant 52 

crocodylians (Colbert, 1964; Gasparini, 1984; Buffetaut & Marshall, 1991; Gasparini et al., 53 

1993; Pol & Powell, 2011; Kellner et al., 2014; Sellés et al., 2020; Bravo et al., 2021; Martin 54 

et al., 2023). Sebecids, along with some related non-South American forms clustered in 55 

Sebecoidea (Bravo et al., 2025), were the only notosuchians that survived the end Cretaceous 56 

mass extinction event. During the Cenozoic, sebecids occupied a prominent ecological role as 57 

terrestrial predators in different regions of South America (Bravo et al., 2025, and the 58 

references cited therein). Their tall, laterally compressed, and elongated skull, ziphodont 59 

dentition, along with the presence of proportionally long limbs has traditionally been 60 

interpreted as evidence of an active ambulatorial predatory lifestyle in predominantly 61 

continental environments (Paolillo & Linares, 2007; Pol et al., 2012; Kellner et al., 2014; 62 

Sellés et al., 2020; Martin et al., 2023). 63 

 Despite the growing interest this group has received in recent decades, numerous 64 

aspects of their internal cranial anatomy, particularly in the rostral region, are insufficiently 65 

understood (Sellés et al., 2020; Bravo et al., 2022). This lack of information is particularly 66 

relevant given the differing hypotheses regarding the phylogenetic position of Sebecidae 67 

within Notosuchia (sensu Leardi et al., 2024). Several studies have recovered sebecids as the 68 

sister group of Baurusuchia within Sebecosuchia (e.g., Pol & Powell, 2011; Kellner et al., 69 

2014; Leardi et al., 2018; Bravo et al., 2025), whereas others have proposed a closer 70 

relationship with Peirosauridae, placing both clades within Sebecia (e.g., Larsson & Sues, 71 

2007; Pinheiro et al., 2018, 2023; Geroto & Bertini, 2019). Previous studies have primarily 72 

focused on external cranial morphology or broad phylogenetic analyses, often overlooking 73 

the detailed examination of rostral elements and their associations with internal structures in 74 



 

the nasal cavity and secondary palate (Colbert, 1964; Gasparini, 1984; Buffetaut & Marshall, 75 

1991; Gasparini et al., 1993; Pol & Powell et al., 2011; Kellner et al., 2014; Bravo et al., 76 

2021; Martin et al., 2023). 77 

 The nasal cavity of extant crocodylians, as in other archosaurs, comprises a complex 78 

system of respiratory and olfactory passages extending from the external naris to the pharynx 79 

(e.g., Parsons, 1959, 1970; Saint Girons, 1979; Witmer, 1995). The external naris opens into 80 

a vestibular region that continues posteriorly into the cavum nasi propium, which includes an 81 

anterior respiratory portion and a more dorsal and posterior olfactory region (e.g., Saint 82 

Girons, 1979). Ventral to the nasal cavity, the primary choana communicates with the 83 

nasopharyngeal duct, which extends posteriorly to the secondary choana and the pharynx 84 

(Parsons, 1970; Witmer, 1995). In addition, extant crocodylians possess a series of paranasal 85 

recesses associated with the maxilla, lacrimal, prefrontal, palatine, and other rostral bones, 86 

forming a complex pneumatic system whose osteological correlates can be recognized in 87 

fossil archosaurs (Witmer, 1995; Witmer & Ridgely, 2008; Bourke & Witmer, 2023). 88 

 Consequently, the study of internal cranial anatomy can provide valuable information 89 

for reconstructing soft-tissue organization, airflow pathways, and evolutionary modifications 90 

of the rostral region in extinct crocodyliforms. Recent advances in computed tomography and 91 

digital reconstruction techniques have greatly improved the study of internal cranial anatomy 92 

in fossil archosaurs, allowing detailed examinations of the relationships between osteological 93 

structures and the nasal cavity (e.g., Witmer & Ridgely, 2008; Fonseca et al., 2020; Cowgill 94 

et al., 2022; Puértolas-Pascual et al., 2022; Serrano-Martínez et al., 2025). These studies have 95 

demonstrated there is considerable variation in the morphology of the nasal cavity and 96 

associated paranasal recesses among crocodyliforms and other archosaurs and can provide 97 

important information regarding their cranial evolution, phylogenetic relationships, and 98 

ecological adaptations. However, despite the growing body of information available for 99 



 

several crocodyliform lineages, the internal organization of the nasal cavity and associated 100 

rostral structures in Sebecidae remains poorly documented (e.g., Busbey, 1995; Sellés et al., 101 

2020; Bravo et al., 2022). 102 

The rostral region of sebecids can provide insights into their ecology and feeding 103 

strategies and can also represent a valuable source of characters for resolving their 104 

phylogenetic relationships within Notosuchia. This study aims to provide a detailed 105 

description of the rostral anatomy of Sebecus ayrampu Bravo et al., 2021 (specimen PVL 106 

2606), in order to contribute to the understanding of cranial morphology in the group and to 107 

discuss its functional and systematic implications. 108 

Institutional abbreviations. AMNH, American Museum of Natural History, New York, 109 

USA; BP, Bernard Price Institute, University of the Witwatersrand, Johannesburg, South 110 

Africa; MMP, Museo Municipal de Ciencias Naturales “Lorenzo Scaglia,” Mar del Plata, 111 

Buenos Aires, Argentina; PVL, Paleontología de Vertebrados Lillo, Facultad de Ciencias 112 

Naturales e Instituto Miguel Lillo, Universidad Nacional de Tucumán, San Miguel de 113 

Tucumán, Tucumán, Argentina. 114 

Anatomical abbreviation. al, alveolus; ants, antorbital sinus; aod, antorbital depression; 115 

aspp, ascending process of the palatine; ch, choana; dml, dorsal margin of lacrimal; dt, 116 

dentary; en, external narina; lac, lacrimal; lcd, nasolacrimal duct; lcs, lacrimal sinus; mch, 117 

meckelian canal; md, neurovascular canal for the maxillary division of the trigeminal nerve 118 

(V2); msph, mandibular symphysis; mx, maxilla; mxs, maxillary sinus; n, nasal; nc, nasal 119 

cavity; ng, nasal gland; nvd, neurovascular canal; pal, palatine; pas, palatine sinus; pfs, 120 

prefrontal sinus; phd, nasopharyngeal duct; phs, nasopharyngeal septum; pmx, premaxilla; 121 

pt, pterygoid; pts, pterygoid sinus; pvs, postvestibular sinus; sp, splenial; th, tooth; thr, tooth 122 

root. 123 

 124 



 

Materials and methods 125 

Material. The present study is based on the holotype specimen of Sebecus ayrampu, housed 126 

in the paleontological collection of the Facultad de Ciencias Naturales e Instituto Miguel 127 

Lillo (PVL 2606), and collected in the Mealla Formation in northwestern Argentina (Jujuy 128 

province; see Bravo et al. 2021). The specimen consists of a well-preserved partial skull, 129 

including most of the rostral region, with elements such as the premaxillae, maxillae, nasals 130 

(among other), and elements of the secondary palate. In this study, partially preserved 131 

elements not described in the original publication of Sebecus ayrampu were identified, 132 

including the lacrimal, prefrontal, and vomer (Figs. 1, 2A-I). 133 

Methods. In order to investigate the internal morphology of the rostrum, the specimen was 134 

scanned using a medical-grade computed tomography (CT) scanner (Siemmens Healthineers 135 

scanner; 500 slices of 0.6 mm thickness, voltage of 130 kVp, pixel size 0.461781 mm, X-Ray 136 

tube current 103 mA) at Radiological center Mendez Collado, Tucumán, Argentina. The CT 137 

results were used to describe the internal anatomical features in detail. Anatomical 138 

terminology follows the conventions established in recent crocodyliform cranial studies (e.g., 139 

Kley et al., 2010; Pol et al., 2014; Darlim et al., 2021). The resulting images were visualized 140 

and segmented using Materialise Mimics v. 21 (Materialise NV, Leuven, Belgium), in which 141 

all measurements were subsequently obtained (Table 1). The measurement protocol and data 142 

table (Table S1) are provided in the Supplementary Online Information. 143 

 The description of the internal cranial morphological features primarily follows the 144 

terminology adopted in recent studies and key reference works on Crocodyliformes (e.g., 145 

Witmer & Ridgely, 2008; Dias et al., 2020; Fonseca et al., 2020; Bourke & Witmer, 2023). 146 

Interpretations of soft-tissue-related structures were based on the Extant Phylogenetic Bracket 147 

(EPB) approach (Witmer, 1995) and comparisons with osteological correlates observed in 148 

extant crocodylians. 149 



 

 150 

Systematic Paleontology 151 

Crocodylomorpha Walker, 1970 152 

Crocodyliformes Hay, 1930 153 

Mesoeucrocodylia Whetstone & Whybrow, 1983 154 

Notosuchia Gasparini, 1971 [Leardi et al., 2024] 155 

Sebecoidea Simpson, 1937 [Bravo et al., 2025] 156 

Sebecidae Simpson, 1937 [Leardi et al., 2024] 157 

Sebecus Simpson, 1937 158 

Type species. Sebecus icaeorhinus Simpson, 1937 159 

Included species. Sebecus icaeorhinus Simpson, 1937; Sebecus querejazus Buffetaut y 160 

Marshall, 1991; Sebecus huilensis Langston, 1965; Sebecus ayrampu Bravo et al., 2021. 161 

Sebecus ayrampu Bravo et al., 2021 162 

Figures 1-4 163 

Holotype—PVL 2606, anterior portion of the skull and mandible. Distal fragment of a left 164 

femur. 165 

Stratigraphic and geographic occurrence—Mealla Formation, late Paleocene, western 166 

slopes of the Sierras de Mal Paso, near the locality of Mina Aguilar, Jujuy Province, 167 

Argentina. 168 

Diagnosis— A sebecid mesoeucrocodylian characterized by the following unique 169 

combination of features (autapomorphies marked with an asterisk): palatal surface of the 170 

premaxilla markedly concave; sagittal maxillary torus extending from the premaxillae*; 171 

alveolar region of the premaxilla vertically descending relative to the rest of the palatal 172 

surface of the maxilla*; deep lateral premaxillary fossa for the hypertrophied dentary tooth, 173 

with a well-defined anterior crest-like margin*; rostral ornamentation pattern shifting from 174 



 

semicircular pits in the anterior region to elongated grooves in the posterior region; palatine 175 

with a long and gracile posterolateral process ending in a blunt tip; anterior margin of the 176 

choana V-shaped; presence of a diastema posterior to the fifth mandibular tooth; and 177 

hypertrophied development of the second maxillary tooth*. 178 

 179 

Description and comparisons 180 

Premaxilla. The preserved portion corresponds to the posterior third of the premaxillae (Fig. 181 

1A). In this region, a posterior expansion behind the external nares is observed, from which 182 

the third and fourth premaxillary alveoli emerge (Fig. 2A-B), as seen in other sebecoid taxa 183 

(e.g., Ayllusuchus fernandezi Gasparini, 1984, Bretesuchus bonapartei Gasparini et al., 1993, 184 

Sebecus icaeorhinus and Ogresuchus furatus Sellés et al., 2020). The roots of the left third 185 

and fourth premaxillary teeth are preserved. In the pulpar cavity of third premaxillary teeth of 186 

Sebecus ayrampu, up to two replacement teeth can be observed (Fig. 1B). The height of these 187 

roots is notable, extending dorsally to almost reach the nasal contact, resulting in an 188 

extraordinarily deep alveolar cavity (Figs. 1B; 2A). A similar deep alveolar cavity is present 189 

in most crocodyliforms that have a hypertrophied posterior premaxillary tooth (e.g., 190 

Notosuchus; Lecuona and Pol, 2008). The premaxilla bears neurovascular canals connecting 191 

to the external and palatal foramina, which would have supplied and innervated the rostral 192 

integument and the soft palate (Fig. 2B). Additionally, there is a neurovascular canal 193 

originating from the foramen–maxilla palatal located over the premaxilla contact. This latter 194 

feature is shared among most notosuchians (e.g., Ayllusuchus, Comahuesuchus Bonaparte, 195 

1991, Baurusuchus Price, 1945, Montealtosuchus Carvalho et al., 2007, Araripesuchus Price, 196 

1959), with the exception of sphagesaurids, in which this palatal foramen is absent. 197 

Maxilla. The maxillary alveoli are equidistant and decrease progressively in size posteriorly, 198 

except for the second maxillary tooth (m2) that is hypertrophied relative to the first (Figs. 1B; 199 



 

S1A). The dental roots are slightly posterodorsally curved and, up to the third tooth, are 200 

deeply embedded within the maxilla (Figs. 1B; 2D; S1A). In Sebecus ayrampu, the root of 201 

the hypertrophied maxillary tooth reaches 70% of the maximum rostral height at the level of 202 

the corresponding alveolus (Fig. 1B). In the analysed Sebecus icaeorhinus specimen (MMP 203 

235), the root of the hipertrophied third tooth is not preserved (Fig. S1B). This condition is 204 

shared with Bretesuchus bonapartei, in which it is evidenced by the lateral bulge of the 205 

maxilla produced by the enlarged tooth root, and is similar in Barinasuchus alverloi Paolillo 206 

and Linares, 2007 (60%). In contrast, in Ogresuchus furatus, the tooth root reaches 50% of 207 

the maximum height of the maxilla (Fig. S1C). In the other oreinirostral notosuchians, such 208 

as baurusuchids, the root of the hypertrophied maxillary tooth can exceed 70% (e.g., 209 

Campinasuchus dinizi Carvalho et al., 2011, 76%; Aphaurosuchus scarafacies Darlim et al., 210 

2021, 82% Fig. S1D). The posterodorsal extension of the dental roots within the maxilla 211 

produces protuberances on the lateral surface of the rostrum in sebecids and baurusuchians. 212 

In Sebecus ayrampu and Lumbrera form, this largest protrusion is located in the 213 

hypertrophied second tooth root, whereas in Bretesuchus and Barinasuchus it is located at the 214 

hypertrophied third tooth root, as in Ogresuchus furatus and baurusuchians (e.g., 215 

Aphaurosuchus scarafacies, Baurusuchus salgadoensis Carvalho et al., 2005). In peirosaurids 216 

(e.g., Montealtosuchus) and uruguaysuchids (e.g., Araripesuchus gomesii Price, 1959) the 217 

third maxillary tooth is the one with the largest development (Soto et al., 2011; Pol et al., 218 

2014), although their protuberances are less developed.  Posteriorly, the root height of 219 

Sebecus ayrampu decreases gradually toward the last maxillary tooth (Fig. S1A) as in 220 

Sebecus icaeorhinus (Fig. S1B), a common feature in Crocodyliformes. In contrast, some 221 

eusuchians exhibit a biphasic pattern correlated to variations in tooth size, with root height 222 

decreasing to mid-rostrum, increasing in the posterior third, and subsequently decreasing 223 



 

again toward the end of the tooth row (e.g., Alligator mississippiensis Daudin, 1802; Fig. 224 

S1E). 225 

In the pulpar cavity of first maxillary teeth of Sebecus ayrampu, there are up to two 226 

replacement teeth, arranged vertically, with one developing within the root of its predecessor 227 

(Fig. 1B). This pattern is also observed in Notosuchus terrestris Woodward, 1896 even 228 

though only a single replacement tooth per pulp cavity is recorded (Navarro et al., 2022). 229 

This suggests the presence of more frequent tooth replacement rate in sebecids relative to 230 

Notosuchus. 231 

Two neurovascular canals run parallel to the nasopharyngeal duct of Sebecus 232 

ayrampu, extending anteroposteriorly along the alveolar margins (Fig. 2C-F). These canals 233 

correspond to passages for the maxillary division of the trigeminal nerve, from which smaller 234 

neurovascular branches arise and open onto the surfaces of the palatal and lateral processes of 235 

the premaxilla and maxilla. Due to the limited resolution of the CT data, the smaller 236 

neurovascular canals cannot be followed in detail, preventing a precise reconstruction of their 237 

trajectories and their respective entry and exit points within the rostrum. In peirosaurids (e.g., 238 

Gasparinisuchus peirosauroides Martinelli et al., 2012 and Uberabasuchus terrificus 239 

Carvalho et al., 2004), the canal to passage for the maxillary division of the trigeminal nerve 240 

shows a greater degree of branching than in any other notosuchians (Barrios, pers. obs.), 241 

resembling to some extent that of the Crocodylia. 242 

Lacrimal. The lacrimal of Sebecus ayrampu exhibits features similar to those of the lacrimal 243 

of Lumbrera form. These bear a smooth-surfaced antorbital depression (aod; Fig. 1B), 244 

bounded by well-defined margins as in Ayllusuchus fernandezi, and possibly in Sebecus 245 

querejazus Buffetaut and Marshall, 1991. On the internal side of this depression, on the left 246 

lacrimal, a nasolacrimal duct can be observed (Fig. 3A-B, D-E), running obliquely 247 

anterodorsally and opening into a nasal cavity. 248 



 

Although neither the anterior margin of the lacrimal nor the posterior margin that 249 

forms the anterior edge of the orbit has been preserved, the dorsal margin is complete. This 250 

dorsal margin contacts the nasal and prefrontal and bears a crest that forms a shelf over the 251 

antorbital depression, which would have formed part of the facet for the anterior palpebral. 252 

Prefrontal. The prefrontals are poorly preserved but are positioned in the dorsal plane, dorsal 253 

to the oblique crest of the lacrimal. Internally and medial to the nasolacrimal duct, there are 254 

small diverticula, corresponding to the prefrontal sinus, as commonly present in other 255 

mesoeucrocodylians (e.g., Araripesuchus, Uberabasuchus, Alligator, Caiman Spix, 1825; 256 

Turner, 2006; Witmer & Ridgely, 2008; Fonseca et al., 2020). 257 

Palatine. Both palatines are completely preserved in Sebecus ayrampu. This element is 258 

composed by a horizontal lamina and an ascending dorsal process that forms the base of the 259 

lateral wall of the nasopharyngeal duct as in other notosuchians (e.g., Sebecus icaeorhinus, 260 

Aphaurosuchus scarafacies, Lomasuchus palpebrosus Gasparini et al., 1991, Uruguaysuchus 261 

aznarezi Rusconi, 1933). The ascending process of Sebecus ayrampu extends dorsomedially 262 

towards the pterygoid contact. However, the contact region is fractured/crackled, making it 263 

impossible to determine the suture between both elements. 264 

Pterigoid. In Sebecus ayrampu, only the region forming the laterodorsal wall of the choanal 265 

fossa is preserved. The lateral wall of the choanal fossa is obliquely oriented forming an 266 

angle of 45° relative to the sagittal axis, as in other sebecids, such as Sebecus icaeorhinus and 267 

Sahitisuchus fluminensis Kellner et al., 2014. This condition is similar to that observed in 268 

peirosaurids (e.g., Montealtosuchus arrudacamposi and Lomasuchus palpebrosus) and 269 

uruguaysuchids (e.g., Araripesuchus buitreraensis Pol & Apesteguia, 2005, Anatosuchus 270 

minor Sereno et al., 2003). Although no pneumatopore is visible, its absence cannot be 271 

confirmed due to poor preservation of this element. 272 



 

Vomer. As in other Crocodylomorpha, the vomers are paired, laminar, and very delicate 273 

bones. These elements can be recognized in Sebecus ayrampu through the computed 274 

tomography (Fig. 2D-F). Unlike extant crocodylians, the vomers in this taxon are particularly 275 

tall, especially along their midlength. In Notosuchus terrestris, a broad but subhorizontally 276 

oriented vomer has been described (Barrios et al., 2017; 2021a), suggesting the presence of 277 

marked morphological differences in the vomer among crocodyliforms. 278 

Nasal cavity and nasopharyngeal duct. The nasal cavity is well preserved in Sebecus 279 

ayrampu, it is longer than wide and gradually tapers anteriorly. It extends posteriorly from 280 

the external nares, which are formed by the premaxillae and nasals, and continues as the 281 

nasopharyngeal duct between the nasals, maxillae, vomers, palatines, and pterygoids. The 282 

nasopharyngeal duct ultimately opens into the choana, which is enclosed by the palatines and 283 

pterygoid. The nasal cavity is dorsoventrally divided into two regions: the dorsal cavum nasi 284 

proprium (nc; Fig. 3) and the ventral nasopharyngeal duct (phd; Fig. 3) (sensu Witmer and 285 

Ridgely, 2008).  This division becomes particularly evident at the level of the fourth 286 

maxillary tooth.  287 

The true nasal cavity (cavum nasi propium) is anteroposteriorly divided into two 288 

regions, the respiratory region (anterior) and the olfactory region (posterodorsally) (Fig. 3B). 289 

The latter region is evidenced by the widening in the posterior half of the endocast of the 290 

nasal cavity. It communicates anterolaterally with the paranasal sinuses (postvestibular and 291 

antorbital; see below), and posteriorly, it would have connected with the olfactory bulb 292 

(sensu Witmer & Ridgely, 2008). The respiratory region, on the other hand, is 293 

anteroposteriorly long but transversely narrow.  The olfactory region partially preserved in 294 

Sebecus ayrampu, corresponds to the posterodorsal part, which is the widest part of the nasal 295 

cavity (Tabla 1). The olfactory region has a globular morphology similar to that observed in 296 

other notosuchians, such as baurusuchids (Campinasuchus, Aphaurosuchus, Wargosuchus 297 



 

Martinelli & Pais, 2008), sphagesaurians (Caipirasuchus Iori & Carvalho, 2011, Notosuchus, 298 

Yacarerani Novas et al. 2009), uruguaysuchids (Araripesuchus), and peirosaurids 299 

(Uberabasuchus, Lomasuchus, Gasparinisuchus) (e.g., Fonseca et al., 2020; Darlim et al., 300 

2021). In Uberabasuchus terrificus, the olfactory region is well developed, but it is less 301 

expanded than in Campinasuchus dinizi, in which it is comparable to the condition observed 302 

in Sebecus ayrampu.  303 

The ventral region of the nasal cavity corresponds to the nasopharyngeal duct, which 304 

is dorsoventrally tall and bounded by the laterodorsal walls of the vomers, maxillae, 305 

palatines, and pterygoids. Along its anteroposterior course, the duct gradually expands 306 

dorsoventrally while the dorsal half narrows lateromedially. In Sebecus ayrampu, the highest 307 

portion of the nasopharyngeal duct exceeds 50% of the maximum height of the nasal cavity 308 

(Fig. 3A, Table 1). A dorsoventrally tall nasopharyngeal duct was also described in the 309 

baurusuchid Campinasuchus dinizi (Fonseca et al., 2020). In contrast, in peirosaurids such as 310 

Lomasuchus palpebrosus and Gasparinisuchus peirosauroides, the highest portion of the 311 

nasopharyngeal duct is below 50% of the maximum height of the nasal cavity (Barrios, pers. 312 

obs.). In addition, when standardized the volumetric proportion of the nasopharyngeal duct 313 

and nasal cavity is comparatively low relative to extant Crocodylia (Table 1), which we 314 

interpret as reflecting a dorsoventrally expanded and relatively enlarged olfactory region of 315 

the nasal cavity. In cross-section, the nasopharyngeal duct has a subtriangular shape with 316 

rounded vertices. Dorsally, it is bounded by the vomers (anterior portion), the palatines 317 

(posterior portion), and the pterygoids (the most posterior portion). At the level of the 318 

palatines, the duct is divided by a tall median septum formed by the pterygoids, a common 319 

feature among Crocodyliformes. 320 

Within the nasal cavity of Sebecus ayrampu, just ventral to the nasal bones, there are 321 

protuberances that represent the cast of elongated structure extending along the nasomaxillary 322 



 

suture. Among notosuchians, the osteological correlates in the nasals of a similar structures 323 

have been observed in, for example, Campinasuchus dinizi, Aphaurosuchus scarafacies, 324 

Araripesuchus gomesii, and Yacarerani boliviensis Novas et al., 2009; however, in all these 325 

notosuchians these are proportionally shorter relative to the total length of the nasals than in 326 

Sebecus ayrampu. Based on its morphology and position, this structure is interpreted as the 327 

cast of the nasal glands sensu Witmer (1997), which are present in all extant sauropsids (see 328 

below). 329 

Paranasal sinuses. The maxilla of Sebecus ayrampu is characterized by the presence of 330 

pneumatic sinuses in the palatal branch and in the lateral walls, which corresponds to the 331 

paranasal sinuses (maxillary, postvestibular and antorbital respectively) described for other 332 

crocodyliforms (e.g., extant eusuchians and baurusuchians; Witmer and Ridgely, 2008; 333 

Fonseca et al., 2020; Young et al., 2024). These sinuses are connected and occupy the 334 

anterior and middle sectors of the maxilla, being reduced in the posterior half (Fig. 3A-C). In 335 

Sebecus ayrampu, as in other notosuchians  (e.g., Gasparinisuchus peirosauroides, 336 

Simosuchus clarki Buckley et al., 2000), this sinuses are partially subdivided by trabeculae, 337 

resembling the condition of Crocodylia, although not reaching the degree of development 338 

present in that clade. 339 

The maxillary sinus can be recognised between the postvestibular and antorbital 340 

sinuses, internally in the palatal branch of the maxilla. It is present but is small and extends 341 

between the first and third maxillary teeth, as in Campinasuchus dinizi (mxs in Fig. 3C).  342 

This differs from Simosuchus clarki, where maxillary sinus is more extensive 343 

posteromedially. In Araripesuchus buitreraensis (MPCA-PV 515), the maxillary and palatine 344 

sinuses are exposed due to a fracture (Fernandez Dumont et al., 2020). The sinus within the 345 

maxilla appears to be well developed and corresponds to the maxillary sinus. 346 



 

In Sebecus ayrampu, a postvestibular sinus is recognized immediately posterior to the 347 

premaxilla–maxilla contact, oriented vertically up to the vicinity of the premaxilla–nasal–348 

maxilla contact (pvs in Fig. 3A-D). The postvestibular sinus continues and opens (without 349 

clearly defined boundaries) into the antorbital sinus. In Campinasuchus dinizi a postvestibular 350 

sinus is developed anterior to the third tooth of the maxilla, but it is not possible to determine 351 

how developed it is due preservation of this region (Fonseca et al., 2020). Both in Sebecus 352 

ayrampu and baurusuchians (e.g., Campinasuchus dinizi and Aphaurosuchus escharafaciesi), 353 

the postvestibular sinus is formed by small diverticula separated by trabeculae, whereas in 354 

peirosaurids (e.g., Uberabasuchus terrificus) the postvestibular sinus is present as a single 355 

cavity. Although the maxilla of Araripescuhcus tsangatsangana Turner, 2006 was described 356 

as lacking internal struts and sinuses (Turner, 2006), CT data reveal the presence of a 357 

postvestibular sinus in one of the analyzed specimens. 358 

The antorbital sinus of Sebecus ayrampu extends posterodorsally at the lateral level of 359 

the primary choana (ants in Fig. 3A-D) and includes numerous smaller cavities or diverticula. 360 

These are distributed within the anterior half of the maxilla and posteriorly between the 361 

maxilla and the lacrimal. This sinus extends into the palate only to a limited extent, with 362 

small diverticula restricted to the anterior margins of the palatine. In the peirosaurids (e.g., 363 

Lomasuchus palpebrosus, Gasparinisuchus peirosauroides, Uberabasuchus terrificus) the 364 

antorbital sinus is comparatively poorly developed. In Campinasuchus dinizi, the antorbital 365 

sinus is more limited, extending within the ventral half of the maxilla, from the level of the 366 

fourth tooth to just past the fifth (Fonseca et al., 2020). In addition, in Notosuchus terrestris, 367 

paranasal sinuses are practically absent. 368 

The palatine is pneumatized and the palatine sinus is located at the base of the 369 

ascending process (lateral to the nasopharyngeal duct) and the medial half of the horizontal 370 

palatal lamina (pas in Fig. 3A-C), as in Sebecus icaeorhinus (MMP 235), Simosuchus clarki 371 



 

(Kley et al., 2010), Araripesuchus buitreraensis and living crocodylians (Witmer & Ridgely, 372 

2008). However, in Araripesuchus and extant taxa (e.g., Caiman, Crocodylus Laurenti 1768), 373 

the pneumatization is more developed, with broader cavities spanning the entire lateromedial 374 

length of the palatines. 375 

Dorsal to the choana, the palatine sinus of Sebecus ayrampu expands and continues 376 

into the pterygoid sinus (pts in Fig. 3A-B, E), which extensively invades the preserved 377 

anterior portion of the pterygoid and communicates with the nasopharyngeal duct, as in 378 

Sebecus icaeorhinus and Campinasuchus dinizi. In sphagesaurids, such as species of 379 

Caipirasuchus Iori & Carvalho, 2011 (e.g., C. paulistanus Iori & Carvalho, 2011, C. 380 

montealtensis Andrade & Bertini, 2008), the primary pterygoid chamber forms a type of 381 

paranasal sinus, whereas a secondary pterygoid chamber appears to represent an internal 382 

recess of the pterygoid bone (Dias et al., 2020), thereby developing a more complex 383 

pterygoid sinus system than in other notosuchians described to date. 384 

 Below the nasolacrimal duct, a sinus is identified, suggesting that the lacrimal is 385 

somewhat pneumatized, at least in its posteroventral portion (lcs in Fig. 3A-E), as evidenced 386 

for Campinasuchus dinizi (Fonseca et al., 2020) and Aphaurosuchus escharafacies. The 387 

presence of a lacrimal sinus in these taxa contrasts with the condition of the peirosaurids 388 

(e.g., Gasparinisuchus peirosauroides, Uberabasuchus terrificus), which do not have a 389 

pneumatized lacrimal. The prefrontal sinus in Sebecus ayrampu is located anterior to the 390 

prefrontal pillar of the left side of the rostrum. Due to the degree of preservation of the 391 

prefrontal, it is not possible to determine its total extent. In Araripesuchus tsangatsangana, 392 

the prefrontal sinus (prefrontal recess; Turner, 2006 ) is smaller with respect to the extant 393 

neosuchians, while Campinasuchus dinizi and Aphaurosuchus escharafacies lack the 394 

prefrontal sinus. 395 



 

Mandible. Internally, the mandibular rami of Sebecus ayrampu are cracked and filled with 396 

sediment. However, the neurovascular structures and Meckelian canal can be recognized 397 

(mch; Fig. 4). The splenial is a laminar element that contacts the dentary anteroposteriorly 398 

both dorsally and ventrally, forming the medial wall of the Meckelian canal and the 399 

mandibular canal (Fig. 4C). Immediately posterior to the mandibular symphysis, the foramen 400 

intermandibularis oralis can be identified. This foramen is elongated (slot-like) as in 401 

Baurusuchus salgadoensis, and has a similar position to that of other notosuchians (e.g., 402 

Sebecus huilensis Langston, 1965, Baurusuchus salgadoensis, Hamadasuchus Buffetaut, 403 

1994; Caipirasuchus stenognathus Pol et al., 2014), except in some basal notosuchians (e.g., 404 

Araripesuchus gomesii, Anatosuchus minor), in which the foramen lies just posteriorly to the 405 

splenial-splenial suture at the mandibular symphysis. The dentary is also a laminar element, 406 

though dorsally it forms a narrow alveolar margin and ventrally is lateromedially broader and 407 

houses the canal for the mandibular division of the trigeminal nerve, which projects anteriorly 408 

and internally through the dentary (ndv; Fig. 4). Additionally, the dentary contributes to the 409 

lateroventral wall of the Meckelian and mandibular canals. 410 

 411 

Discussion 412 

Nasal cavity and nasopharyngeal duct. The internal anatomy of the rostrum of Sebecus 413 

ayrampu resembles in some features that of the baurusuchian Campinasuchus dinizi and 414 

Aphaurosuchus escharafacies, revealing a set of morphological features that can be 415 

interpreted as supporting the monophyly of Sebecosuchia or as convergences due to their 416 

oreinirostral condition. These alternative interpretations depend on the phylogenetic 417 

placement of sebecoids, which is a topic still debated in recent phylogenetic analyses 418 

(Larsson & Sues, 2007; Pol et al. 2012; Geroto & Bertini, 2019; Pinheiro et al., 2018, 2023; 419 

Bravo et al., 2021, 2025). Among these features are (i) a lateromedially narrow and 420 

dorsoventrally high nasal cavity and nasopharyngeal duct (Table 1); (ii) the presence of a 421 



 

broad posterior olfactory region; (iii) well-developed postvestibular and antorbital sinuses 422 

within the anterior half of the maxilla (compared with other notosuchians); (iv) a relatively 423 

reduced maxillary sinus developed within the anterior half of the maxilla (compared with 424 

Crocodylia); (v) the presence of poorly developed lacrimal sinuses; and (vi) a reduced degree 425 

of branching of the neurovascular canal for the maxillary division (V2) of the trigeminal 426 

nerve (CN V). These traits may provide an important source of new characters for evaluating 427 

phylogenetic hypotheses within Notosuchia and for assessing the relationships of Sebecidae 428 

in future studies of Crocodyliformes. 429 

In Sebecus ayrampu, the nasal cavity is dorsoventrally undivided along the anterior 430 

half of the rostrum. Along the posterior half, the nasal cavity is divided dorsally into the 431 

olfactory region and ventrally in the nasopharyngeal duct. The narrow and high nasal cavity, 432 

mainly in the respiratory region, is a feature shared among sebecids, such as Sebecus 433 

icaeorhinus and the Lumbrera form (see Bravo et al., 2022). This particular structural 434 

organization, possibly associated with airflow dynamics, appears to be less complex than in 435 

other notosuchians, such as Peirosauridae (e.g., Lomasuchus palpebrosus) and Baurusuchia 436 

(e.g., Campinasuchus dinizi), in which ethmoidal elements are more developed (Barrios et al., 437 

2021b). Although many notosuchians preserve the rostral region and there is significant 438 

external morphological variation in this region, the lack of tomographic data have resulted in 439 

the internal anatomy receiving little attention, and its potential functional or evolutionary 440 

implications remain largely unexplored. Recent studies of notosuchian internal anatomy 441 

indicated that at least some taxa (such as Simosuchus, Peirosauridae, Baurusuchia, 442 

Sphagesauria) have a relatively expanded olfactory region compared to neosuchians (Fonseca 443 

et al., 2020; Fachini et al., 2025). Because this region corresponds to the region of the nasal 444 

cavity associated with the olfactory epithelium, its relative expansion may potentially reflect 445 

an increase in the available sensory surface involved in odor detection (e.g., Dille et al., 446 



 

2025). Consequently, the dimensions of the olfactory region have been used as a proxy for 447 

the relative development of the olfactory system in crocodyliforms (e.g., Fonseca et al., 448 

2020). In an ecological context, such expansion could be consistent with variation in the 449 

reliance on airborne chemical cues among taxa with contrasting lifestyles, given the 450 

importance of olfactory capabilities in terrestrial environments (e.g., Barrios, 2021b; Barrios 451 

et al., 2022; Fonseca et al., 2020). In contrast, aquatic or semi-aquatic taxa (such as 452 

thalattosuchians and living crocodylians) have proportionally smaller olfactory regions, and 453 

their nasal cavity is cylindrical and elongated, likely reflecting a shift toward other sensory 454 

modalities, such as mechanoreception and vision (e.g., Herrera et al., 2013; Pierce et al., 455 

2017; Bowman et al., 2022; Bourke et al., 2022; Lessner et al., 2023; Young et al. 2024). 456 

An considerably high  nasopharyngeal duct (see Table 1) is likely related to a higher 457 

ventilation rate, allowing an increased airflow through the nasal passage, as previously 458 

suggested for the baurusuchid Campinasuchus dinizi and other archosaurs such as theropod 459 

dinosaurs and metriorhynchids (Witmer & Ridgely, 2008; Fonseca et al., 2020; Cowgill et al., 460 

2022; Young et al., 2024). A larger air passage and greater inspiratory and expiratory 461 

volumes are likely associated with increased oxygen supply (elevated aerobic capacity), 462 

which would have important implications for sebecid physiology. However, osteological 463 

correlates alone are insufficient to infer metabolic rate. Available histological evidence 464 

indicates that some notosuchians do not exhibit the bone tissue organization typically 465 

associated with sustained high metabolic rates, suggesting that they did not reach endotherm-466 

like metabolic levels (Cubo et al., 2020; Sena et al., 2025). Furthermore, the physiology of 467 

Notosuchia more broadly remains far from fully understood. Among extant reptiles, large 468 

terrestrial predators such as varanids (e.g., Varanus komodoensis Ouwens, 1912) display 469 

relatively high aerobic and metabolic capacities compared to most reptiles, yet they remain 470 

within the ectothermic physiological spectrum (Wood et al., 1977; Thompson &Withers, 471 



 

1997; Clemente et al. 2009; da Silva et al., 2013). This comparison highlights that increased 472 

respiratory capacity does not necessarily imply endothermy, but may instead reflect elevated 473 

aerobic performance within an ectothermic framework. 474 

Paranasal sinuses system. Paranasal pneumaticity in Sebecus ayrampu is represented by the 475 

postvestibular, antorbital, maxillary, palatine, pterygoid, lacrimal, and prefrontal sinuses, 476 

comparable to those of Campinasuchus and Sebecus icaeorhinus (e.g., Fonseca et al., 2020; 477 

Bravo et al., 2022; Young et al., 2024). These paranasal sinuses of these taxa are reduced 478 

relative to that observed in other notosuchia taxa such as Simosuchus clarki, Caipirasuchus 479 

stenognathus, and Caipirasuchus paulistanus Iori & Carvalho, 2011, in which it is more 480 

expanded and complex (Kley et al., 2010; Witmer & Ridgely, 2008; Dias et al., 2020) and 481 

resemble the condition of extant crocodylians. 482 

In tetrapods, the paranasal sinuses are generally more developed in continental forms 483 

than in marine ones. In the case of Crocodylomorpha, thalattosuchians (particularly the 484 

pelagic metriorhynchids) exhibit a reduced sinus system compared with that of some 485 

notosuchians and eusuchians (Witmer & Ridgely, 2008; Kley et al., 2010; Fonseca et al., 486 

2020; Cowgill et al. 2022). The morphology and distribution of the paranasal sinuses in the 487 

oreinirostral Sebecus ayrampu and Campinasuchus dinizi are intermediate between those of 488 

tubular longirostrine thalattosuchians (e.g., Cricosaurus Wagner, 1858) and platyrostral 489 

eusuchians (e.g., Caiman).  490 

Several functions (e.g., respiratory, weight reduction, vocal resonators, thermal 491 

insulators) have been proposed for the paranasal sinuses, but none of these have been 492 

convincingly demonstrated for the different amniotes in which they are present (e.g., Witmer, 493 

1997). On the other hand, the reduced paranasal pneumaticity in comparison with that of 494 

platyrostral crocodylians, may be linked to structural and biomechanical requirements of the 495 

narrow and high oreinirostral snout of Sebecus ayrampu, and other notosuchians (e.g., 496 



 

Campinasuchus dinizi, Baurusuchus salgadoensis; Araripesuchus gomesii, Caipirasuchus 497 

paulistanus). Unlike the platyrostral snout of extant crocodylians (that also lack an antorbital 498 

fenestra), an oreinirostral snout (such as that of Sebecus) is poorly suited to withstand torsion 499 

movements and tolerate better flexion movements (Rayfield & Milner, 2008). In fact, recent 500 

finite element analyses indicate that the oreinirostral skull of several notosuchians had greater 501 

overall resistance to vertical feeding-induced loads and tend to exhibit lower stress 502 

magnitudes than platyrostral skulls (Nieto et al., 2021; Srinivas et al., 2025). This increased 503 

resistance has been interpreted as a consequence of the dorsoventrally expanded and compact 504 

architecture of oreinirostral rostra, which efficiently dissipates stresses generated during 505 

biting and pull-back feeding behaviors (Moreno et al., 2008; Rayfield & Milner, 2008; 506 

Srinivas et al., 2025). A similar functional interpretation was previously suggested by Busbey 507 

(1986), who noted that the extant Varanus komodoensis, a large terrestrial predator with 508 

bladed teeth and a laterally compressed skull, tends to employ a bite-and-pull-back feeding 509 

strategy. Such behavior minimizes torsional stresses on the snout resulting from struggling 510 

prey and maximizes resistance to compressive forces. Hence, Busbey therefore suggested that 511 

similar cranial architectures in large terrestrial crocodyliform (e.g., Sebecidae and 512 

Baurusuchia) predators may reflect comparable feeding strategies. The specific 513 

biomechanical implications of the distinctive sebecid cranial morphology with reduced 514 

pneumaticity, however, remains to be investigated to better understand the ecology and 515 

paleobiology of this group, as well as their functional differences with Cretaceous 516 

oreinirostral notosuchians. 517 

Nasal gland.  In adult crocodylians, the nasal gland is relatively long with a dorsal position 518 

under the nasal bones (along the naso-maxillary suture) and medially to the nasolacrimal duct 519 

(Parsons, 1970; Dunson, 1976; Witmer, 1995, 1997).  In Sebecus ayrampu, we interpret the 520 

two parasagittal eminences on the dorsal surface of the nasal cavity endocast, connecting the 521 



 

nasolacrimal duct with the vestibule in the external naris, as the space that would have been 522 

occupied by the nasal gland. This is a groove running under the nasals and along the naso-523 

maxillary suture as osteological correlates of the nasal gland (e.g., Witmer, 1995, 1997). . 524 

Also, the presence of such groove in the internal surface of the naso-lacrimal suture and the 525 

nasal cavity of Sebecus ayrampu suggests the first mention the presence of nasal glands in a 526 

notosuchian, as this osteological correlate is present in other taxa (e.g., Araripesuchus 527 

gomesii AMNH 24450, Caipirasuchus montealtensis, Aphaurosuchus scarafacies). 528 

Analogous structures have been described in other extinct crocodyliforms, primarily 529 

thalattosuchians in which they are hypertrophied as salt gland (e.g., Pelagosaurus typus 530 

Bronn, 1841, Geosaurus araucanensis Gasparini & Dellapé, 1976; Fernández & Gasparini, 531 

2000, 2008; Gandola et al., 2006), in gavialoid neosuchians (e.g., Argochampsa krebsi Hua & 532 

Jouve 2004, Portugalosuchus azenhae Mateus et al., 2018; see Puértolas-Pascual et al., 2022 533 

and Pligersdorffer et al., 2024), and in the protosuchid Protosuchus haughtoni Whetstone & 534 

Whybrow, 1983 (BP/1/4770; Cowgill et al., 2023). In most extant crocodylians, such as 535 

species of Crocodylus rhombifer Cuvier, 1807, Gavialis gangeticus Gmelin, 1789, and 536 

Tomistoma schlegelii Müller, 1838 the nasal glands occupy small concavities on the ventral 537 

surface of the nasals along the nasomaxillary suture (Taplin & Grigg, 1981; Taplin et al., 538 

1982, 1985; Cowgill et al., 2023). The presence of a nasal gland in Sebecus ayrampu raises 539 

questions regarding the need for osmoregulation in Sebecidae (and more generally in 540 

Notosuchia), which should be examined in detail with further evidence. In fact, even in extant 541 

and extinct terrestrial reptiles, many aspects of their osmoregulatory physiology remain 542 

poorly understood and are insufficiently studied (e.g., homology, secretion mechanisms, 543 

regulation, distribution, embryology, evolution; Peaker & Linzell, 1975; Osmólska, 1979; 544 

Dantzler & Bradshaw, 2009; Babonis & Brischoux, 2012). 545 

 546 

Conclusion 547 



 

 In this study, we present new anatomical information of Sebecus ayrampu based on 548 

data obtained through computed tomography (CT) scanning, including the first description of 549 

the nasal endocast anatomy of a sebecid. Among the novel features, we highlight the 550 

following: a transversely narrow respiratory region and a wide olfactory region of the nasal 551 

cavity; a dorsoventrally tall and broad nasopharyngeal duct occupying approximately 50% of 552 

the mean height of the nasal cavity; a nasolacrimal duct directed anteriorly ventral to the 553 

nasomaxillary crest; and an elongated parasagittal nasal gland connecting the nasolacrimal 554 

duct with the vestibule in the external naris, constituting the first anatomical interpretation of 555 

nasal gland osteological correlates in Notosuchia. 556 

 The paranasal pneumaticity of Sebecus ayrampu is comparable to that described for 557 

other continental notosuchians, principally with the baurusuchid Campinasuchus dinizi with 558 

identifiable postvestibular, maxillary, antorbital, lacrimal, which are less developed in 559 

comparison with the neosuchians. In Sebecus ayrampu also are observable a prefrontal, 560 

palatine and pterygoid sinuses. 561 
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 The three-dimensional reconstruction of the internal structure of the holotype of 564 

Sebecus ayrampu is available in the MorphoSource repository: 565 

https://www.morphosource.org/concern/media/XXXXXX. 566 

 567 

Acknowledgements 568 

We are grateful to P. Ortiz and R. Gonzalez for providing access to the PVL 569 

collection, and we thank A. Méndez from the Méndez-Collado Imaging Center (Tucumán), 570 

G. Bianchi and S. Fasano from Clínica Moguillansky (Neuquén), and technical personnel 571 

from MATSA (Tucumán) who generously offered to perform the CT scans of the specimens 572 

at no cost, as well as for his technical assistance. We also thank P. Bona and N. Kley for 573 

providing the CT scans of Caiman yacare and Simosuchus clarki, respectively, and A. 574 



 

Ordoñez for her help in scanning the Crocodylus niloticus specimen. We are especially 575 

grateful to the Editor, and the anonymous Reviewers for their thorough reviews, constructive 576 

comments, and valuable suggestions, which greatly improved the quality of this paper. This 577 

research was supported by the grant PICT 2021-0042. 578 

 579 

References 580 

Andrade, M. B. & Bertini, R. J. (2008). A new Sphagesaurus (Mesoeucrocodylia: 581 

Notosuchia) from the Upper Cretaceous of Monte Alto City (Bauru Group, Brazil), and 582 

a revision of the Sphagesauridae. Historical Biology, 20, 101–136. 583 

Babonis, L. S., & Brischoux, F. (2012). Perspectives on the convergent evolution of tetrapod 584 

salt glands. Integrative and Comparative Biology, 52(2), 245–256. 585 

Barrios, F. T. (2021a). El neurocráneo de los Notosuquios (Crocodyliformes) del Cretácico 586 

Superior de la Cuenca Neuquina (Patagonia, Argentina): Morfología endocraneana y 587 

sus inferencias paleoneurológicas (Tesis Doctoral, Facultad de Ciencias Naturales y 588 

Museo, Universidad Nacional de La Plata, Buenos Aires, Argentina). Available from 589 

https://sedici.unlp.edu.ar/handle/10915/120907. 590 

Barrios, F. T., Paulina-Carabajal, A. & Bona, P. (2021b) Presence of ossified ethmoidal 591 

elements in Peirosauridae (Mesoeucrocodylia): first record of these bones in 592 

Crocodyliformes. Abstracts book 34º Argentine Meeting of Vertebrate Paleontology, 593 

Publicación Electrónica de la Asociacion Paleontologica Argentina, Vol. 21(R2), (pp. 594 

7-8). Mendoza. 595 

Barrios, F. T., Bona, P., Paulina-Carabajal, A., & Gasparini, Z. (2017). Re-description of the 596 

cranio-mandibular anatomy of Notosuchus terrestris (Crocodyliformes, 597 

Mesoeucrocodylia) from the Upper Cretaceous of Patagonia. Cretaceous Research, 83, 598 

3–39. 599 

Barrios, F., Bona, P., Paulina-Carabajal, A., Leardi, J. M., Holliday, C. M., & Lessner, E. J. 600 

(2022). An overview on the crocodylomorpha cranial neuroanatomy: variability, 601 

morphological patterns and paleobiological implications. In Paleoneurology of 602 

amniotes: New directions in the study of fossil endocasts, 213–266. 603 

Bonaparte, J. F. (1991). Los vertebrados fósiles de la Formación Río Colorado, de la ciudad 604 

de Neuquén y cercanías, Cretácico superior, Argentina. Revista del Museo Argentino de 605 

Ciencias Naturales, 4, 17–123. 606 



 

Bourke, J. M., Fontenot, N., & Holliday, C. (2022). Septal deviation in the nose of the longest 607 

faced crocodylian: A description of nasal anatomy and airflow in the Indian gharial 608 

(Gavialis gangeticus) with comments on acoustics. The Anatomical Record, 305(10), 609 

2883–2903. 610 

Bourke, J. M., & Witmer, L. M. (2023). Soft tissues influence nasal airflow in diapsids: 611 

Implications for dinosaurs. Journal of morphology, 284(9), e21619. 612 

https://doi.org/10.1002/jmor.21619 613 

Bowman, C. I., Young, M. T., Schwab, J. A., Walsh, S., Witmer, L. M., Herrera, Y., ... & 614 

Brusatte, S. L. (2022). Rostral neurovasculature indicates sensory trade‐offs in 615 

Mesozoic pelagic crocodylomorphs. The Anatomical Record, 305(10), 2654-2669. 616 

Bravo, G. G., Pol, D., & García-López, D. A. (2021). A new sebecid mesoeucrocodylian 617 

from the Paleocene of northwestern Argentina. Journal of Vertebrate Paleontology, 618 

41(3), e1979020. https://doi.org/10.1080/02724634.2021.1979020. 619 

Bravo, G. G., Pol, D., Armella, M. A., & Gómez, K. (2022). The choanal anatomy of the 620 

Sebecus icaeorhinus Simpson, 1937 and the variation of the palatine shape in 621 

notosuchians (Crocodyliformes, Mesoeucrocodylia). Journal of Paleontology, 96, 622 

1400–1412. 623 

Bravo, G. G., Pol, D., Leardi, J. M., Krause, J. M., Nicholl, C. S., Rougier, G., & Mannion, P. 624 

D. (2025). A new notosuchian crocodyliform from the Early Palaeocene of Patagonia 625 

and the survival of a large-bodied terrestrial lineage across the K–Pg mass extinction. 626 

Proceedings B, 292, 20241980. https://doi.org/10.1098/rspb.2024.1980. 627 

Bronn HG. (1841). Über die fossilen Gaviale der Lias-Formation und der Oolithe. Archiv für 628 

Naturgeschichte, Berlin, 8, 77–82. 629 

Buckley, G. A., C. A. Brochu, D. W. Krause, & D. Pol. (2000). A pugnosed crocodyliform 630 

from the Late Cretaceous of Madagascar. Nature, 405, 941–944. 631 

Buffetaut, E. (1994). A new crocodilian from the Cretaceous of southern Morocco. Comptes 632 

rendus de l'Académie des sciences. Série 2. Sciences de la terre et des planètes, 319(2), 633 

1563–1568. 634 

Buffetaut, E. & Marshall, L. G. (1991). A new crocodilian, Sebecus querejazus, nov. sp. 635 

(Mesosuchia, Sebecidae) from the Santa Lucia formation (Early Paleocene) at Vila 636 

Vila, southcentral Bolivia. Fósiles y Facies de Bolivia, 1, 545–557. 637 

Busbey III, A. B. (1986). New material of Sebecus cf. huilensis (Crocodilia: Sebecosuchidae) 638 

from the Miocene La Venta formation of Colombia. Journal of Vertebrate 639 

Paleontology, 6(1), 20-27. 640 



 

Busbey, A. B., & Thomason, J. J. (1995). The structural consequences of skull flattening in 641 

crocodilians. In book: Thomason, J. J. (Editor) Functional morphology in vertebrate 642 

paleontology, 173–192. Cambridge University Press. 643 

Carvalho, I. S., Ribeiro, L. C. B., and Avila, L. d. S. (2004). Uberabasuchus terrificus sp. 644 

nov., a new crocodylomorph from the Bauru Basin (Upper Cretaceous), Brazil. 645 

Gondwana Research, 7(4), 975–1002. 646 

Carvalho, I. S., Campos, A. D. C. A., & Nobre, P. H. (2005). Baurusuchus salgadoensis, a 647 

new crocodylomorpha from the Bauru Basin (Cretaceous), Brazil. Gondwana 648 

Research, 8(1), 11-30. 649 

Carvalho, I.S.; Vasconcellos, F.M. & Tavares S.A.S (2007). Montealtosuchus 650 

arrudacamposi, a new peirosaurid crocodile (Mesoeucrocodylia) from the Late 651 

Cretaceous Adamantina Formation of Brazil. Zootaxa, 1607, 35–46. 652 

Carvalho, I. D. S., Teixeira, V. D. P. A., Ferraz, M. L. D. F., Ribeiro, L. C. B., Martinelli, A. 653 

G., Neto, F. M., ... & Ferraz, P. F. (2011). Campinasuchus dinizi gen. et sp. nov., a new 654 

Late Cretaceous baurusuchid (Crocodyliformes) from the Bauru Basin, Brazil. Zootaxa, 655 

2871(1), 19-42. 656 

Clemente, C. J., Withers, P. C., & Thompson, G. G. (2009). Metabolic rate and endurance 657 

capacity in Australian varanid lizards (Squamata: Varanidae: Varanus). Biological 658 

Journal of the Linnean Society, 97(3), 664-676. 659 

Colbert, E. H. (1946). Sebecus, representative of a peculiar suborder of fossil Crocodilia from 660 

Patagonia. Bulletin of the American Museum of Natural History, 87, 217–270. 661 

Cowgill, T., Young, M. T., Schwab, J. A., Walsh, S., Witmer, L. M., Herrera, Y., Dollman, 662 

K. N., Choinierem J. N., & Brusatte, S. L. (2022). Paranasal sinus system and upper 663 

respiratory tract evolution in Mesozoic pelagic crocodylomorphs. The Anatomical 664 

Record, 305, 2583–2603. 665 

Cowgill, T., Young Fls, M. T., Schwab, J. A., Walsh, S., Witmer, L. M., Herrera, Y., 666 

Dollman, K. N., Turner, A. H., & Brusatte, S. L. (2023). Cephalic salt gland evolution 667 

in Mesozoic pelagic crocodylomorphs. Zoological Journal of the Linnean Society, 668 

197(3), 812–835. 669 

Cubo, J., Sena, M. V., Aubier, P., Houee, G., Claisse, P., Faure-Brac, M. G., Allain, R., 670 

Andrade R. C. L., Sayao J. M., & Oliveira, G. R. (2020). Were Notosuchia 671 

(Pseudosuchia: Crocodylomorpha) warm-blooded? A palaeohistological analysis 672 

suggests ectothermy. Biological Journal of the Linnean Society, 131(1), 154–162. 673 



 

Cuvier, G. (1807). In sur les differentes especes de crocodiles vivans et sur leurs caracteres 674 

distinctifs. Annuales Museum of Natural History, 10, 51. Paris. 675 

da Silva, G. S., Glass, M. L., & Branco, L. G. (2013). Temperature and respiratory function 676 

in ectothermic vertebrates. Journal of Thermal Biology, 38(2), 55-63. 677 

Dantzler W. H. & Bradshaw, S. D. (2009). Osmotic and ionic regulation in reptiles. In: Evans 678 

DH, editor. Osmotic and ionic regulation: cells and animals. Boca Raton, FL: CRC 679 

Press. p. 443–503. 680 

Darlim, G., Montefeltro, F. C., & Langer, M. C. (2021). 3D skull modelling and description 681 

of a new baurusuchid (Crocodyliformes, Mesoeucrocodylia) from the Late Cretaceous 682 

(Bauru Basin) of Brazil. Journal of Anatomy, 239(3), 622–662. 683 

Daudin, F. M., 1802, Histoire Naturelle, Générale et Particulière, des Reptiles, Vol. II, F. 684 

Dufart, Paris. 685 

Dias, W. A., Iori, F. V., Ghilardi, A. M., & Fernandes, M. A. (2020). The pterygoid region 686 

and cranial airways of Caipirasuchus paulistanus and Caipirasuchus montealtensis 687 

(Crocodyliformes, Sphagesauridae), from the Upper Cretaceous Adamantina 688 

Formation, Bauru Basin, Brazil. Cretaceous Research, 106, 104192. 689 

Dunson, W.A. (1976). Salt glands in reptiles. In A, Gans, C. and Dawson, W.R. (Eds.) 690 

Biology of the Reptilia. Vol. 5. Physiology (pp. 413–445). Academic Press, New York. 691 

Fachini, T. S., Godoy, P. L., Montefeltro, F. C., & Langer, M. C. (2025). Cranial morphology 692 

and phylogenetic reassessment of Barreirosuchus franciscoi (Crocodylomorpha, 693 

Notosuchia), a Peirosauria from the Late Cretaceous of Brazil. The Anatomical Record, 694 

308(2), 736–769. 695 

Fernández, M., & Gasparini, Z. (2000). Salt glands in a Tithonian metriorhynchid 696 

crocodyliform and their physiological significance. Lethaia, 33(4), 269–276. 697 

Fernández, M., & Gasparini, Z. (2008). Salt glands in the Jurassic metriorhynchid Geosaurus: 698 

implications for the evolution of osmoregulation in Mesozoic marine crocodyliforms. 699 

Naturwissenschaften, 95(1), 79–84. 700 

Fernández Dumont, M. L., Bona, P., Pol, D., & Apesteguía, S. (2020). New anatomical 701 

information on Araripesuchus buitreraensis with implications for the systematics of 702 

Uruguaysuchidae (Crocodyliforms, Notosuchia). Cretaceous Research, 113, 578–590. 703 

Fonseca, P. H. M., Martinelli, A. G., da Silva Marinho, T., Ribeiro, L. C. B., Schultz, C. L., 704 

& Soares, M. B. (2020). Morphology of the endocranial cavities of Campinasuchus 705 

dinizi (Crocodyliformes: Baurusuchidae) from the Upper Cretaceous of Brazil. 706 

Geobios, 58, 1–16. 707 



 

Gandola, R., Buffetaut, E., Monaghan, N., & Dyke, G. (2006). Salt glands in the fossil 708 

crocodile Metriorhynchus. Journal of Vertebrate Paleontology, 26(4), 1009–1010. 709 

Gasparini, Z. (1971). Los Notosuchia del Cretácico de América del Sur como un nuevo 710 

infraorden de los Mesosuchia (Crocodilia). Ameghiniana, 8, 83–103. 711 

Gasparini, Z. B. (1984). New Tertiary Sebecosuchia (Crocodylia: Mesosuchia) from 712 

Argentina. Journal of Vertebrates Paleontology, 4, 85–95. 713 

Gasparini, Z. B. & Dellapé, D. (1976). Un nuevo cocodrilo marino (Thalattosuchia, 714 

Metriorhynchidae) de la Formación Vaca Muerta (Jurásico, Tithoniano) de la Provincia 715 

de Neuquén (República Argentina). Congreso Geológico Chileno, 1, c1–c21. 716 

Gasparini, Z., Chiappe, L. M., & Fernandez, M. (1991). A new Senonian peirosaurid 717 

(Crocodylomorpha) from Argentina and a synopsis of the South American Cretaceous 718 

crocodilians. Journal of Vertebrate Paleontology, 11(3), 316-333. 719 

Gasparini, Z. B., Fernández, M., & Powell, J. E. (1993). New Tertiary sebecosuchians 720 

(Crocodylomorpha) from South America: phylogenetic implications. Historical 721 

Biology, 7, 1–19. 722 

Geroto, C. F. C., & Bertini, R. J. (2019). New material of Pepesuchus (Crocodyliformes; 723 

Mesoeucrocodylia) from the Bauru Group: implications about its phylogeny and the 724 

age of the Adamantina Formation. Zoological Journal of the Linnean Society, 185(2), 725 

312–334. 726 

Gmelin, J.F. (1789). Caroli a Linné Systema naturae. 13. ed., Tom 1 Pars 3. G. E. Beer, 727 

Lipsiae. 1033-1516 pp. 728 

Hay, O. P. (1930) Second bibliography and catalogue of the fossil vertebrata of north 729 

America, pp. 1–1074, vol. 390. Washington, DC, USA: Carnegie Institution of 730 

Washington. 731 

Herrera, Y., Fernandez, M. S. & Gasparini, Z. (2013). The snout of Cricosaurus 732 

araucanensis: a case study in novel anatomy of the nasal region of metriorhynchids. 733 

Lethaia, 46(3), 331–340. 734 

Hua, S., & Jouve, S. (2004). A primitive marine gavialoid from the Paleocene of Morocco. 735 

Journal of Vertebrate Paleontology, 24(2), 341-350. https://doi.org/10.1671/1104 736 

Iori, F. V. & de Souza Carvalho, I. (2009). Morrinhosuchus luziae, um novo 737 

Crocodylomorpha Notosuchia da Bacia Bauru, Brasil. Brazilian Journal of Geology, 738 

39(4), 717–725. 739 

Iori, F. V. & Carvalho, I. S. (2011). Caipirasuchus paulistanus, a new sphagesaurid 740 

(Crocodylomorpha, Mesoeucrocodylia) from the Adamantina Formation (Upper 741 



 

Cretaceous, Turonian–Santonian), Bauru Basin, Brazil. Journal of Vertebrate 742 

Paleontology, 31(6), 1255. https://doi.org/10.1080/02724634.2011.602777 743 

Kellner, A. W. A., Pinheiro, A. E. P., & Campos, D. A. (2014). A New Sebecid from the 744 

Paleogene of Brazil and the Crocodyliform Radiation after the K–Pg Boundary. PLoS 745 

ONE. 9, e81386. https://doi.org/10.1371/journal.pone.0081386. 746 

Kley, N. J., Sertich, J. J., Turner, A. H., Krause, D. W., O'Connor, P. M., & Georgi, J. A. 747 

(2010). Craniofacial morphology of Simosuchus clarki (Crocodyliformes: Notosuchia) 748 

from the late Cretaceous of Madagascar. Journal of Vertebrate Paleontology, 30(sup1), 749 

13–98. 750 

Langston, W. (1965). Fossil crocodilians from Colombia and the Cenozoic history of the 751 

Crocodilia in South America. University California Publication Geological Sciences, 752 

52, 1–157. 753 

Larsson, H. C. E. & Sues, H. D. (2007). Cranial osteology and phylogenetic relationships of 754 

Hamadasuchus rebouli (Crocodyliformes: Mesoeucrocodylia) from the Cretaceous of 755 

Morocco. Zool. J. Linn. Soc. 149, 533–567. https://doi.org/10.1111/j.1096-756 

3642.2007.00271.x 757 

Laurenti, J. N. (1768). Specimen Medicum Exhibens Synopsin Reptilium Emendatam cum 758 

Experimentis circa Venena et Antidota Reptilium Austriacorum. Joan. Thom. Tranern, 759 

Viennae. 760 

Leardi, J. M., Pol, D., & Gasparini, Z. B. (2018). New Patagonian baurusuchids 761 

(Crocodylomorpha; Notosuchia) from the Bajo de la Carpa Formation (Upper 762 

Cretaceous; Neuquén, Argentina): new evidences of the early sebecosuchian 763 

diversification in Gondwana. Comptes Rendus Palevol, 17, 504–521. 764 

https://doi.org/10.1016/j.crpv.2018.02.002 765 

Leardi, J. M., Pol, D., Montefeltro, F., da Silva Marinho, T., Ruiz, J. V., Bravo, G. G., ... & 766 

Larsson, H. C. (2024). Phylogenetic nomenclature of Notosuchia (Crocodylomorpha; 767 

Crocodyliformes). Bulletin of Philogenetic Nomenclature, 1(3), 44–82. 768 

Legendre L. J., Guénard G., Botha-Brink J., Cubo J. (2016). Palaeohistological 769 

Evidence for Ancestral High Metabolic Rate in Archosaurs, Systematic Biology, 65(6), 770 

989–996. 771 

Lecuona, A., & Pol, D. (2008). Tooth morphology of Notosuchus terrestris (Notosuchia: 772 

Mesoeucrocodylia): new evidence and implications. Comptes Rendus Palevol, 7(7), 773 

407-417. 774 



 

Lessner, E. J., Dollman, K. N., Clark, J. M., Xu, X., & Holliday, C. M. (2023). 775 

Ecomorphological patterns in trigeminal canal branching among sauropsids reveal 776 

sensory shift in suchians. Journal of Anatomy, 242(5), 927–952. 777 

Martin, J. E., Pochat-Cottilloux, Y., Laurent, Y., Perrier, V., Robert, E., & Antoine, P. O. 778 

(2023). Anatomy and phylogeny of an exceptionally large sebecid (Crocodylomorpha) 779 

from the middle Eocene of southern France. Journal of Vertebrates Paleontology, 42, 780 

e2193828. https://doi.org/10.1080/02724634.2023.2193828. 781 

Martinelli, A. G., & Pais, D. F. (2008). A new baurusuchid crocodyliform (Archosauria) from 782 

the Late Cretaceous of Patagonia (Argentina). Comptes Rendus Palevol, 7(6), 371-381. 783 

Martinelli, A. G., Sertich, J. J., Garrido, A. C., & Praderio, Á. M. (2012). A new peirosaurid 784 

from the Upper Cretaceous of Argentina: Implications for specimens referred to 785 

Peirosaurus tormini Price (Crocodyliformes: Peirosauridae). Cretaceous Research, 37, 786 

191–200. 787 

Mateus, O., Puértolas-Pascual, E., Callapez, P. M. (2018). A new eusuchian crocodylomorph 788 

from the Cenomanian (Late Cretaceous) of Portugal reveals novel implications on the 789 

origin of Crocodylia. Zoological Journal of the Linnean Society, 186(2), 501–528. 790 

https://doi.org/10.1093/zoolinnean/zly064 791 

Moreno, K., Wroe, S., Clausen, P. D., McHenry, C. R., D'Amore, D. C., Rayfield, E. J., & 792 

Cunningham, E. (2008). Cranial performance in the Komodo dragon (Varanus 793 

komodoensis) as revealed by high-resolution 3-D finite element analysis. Journal of 794 

Anatomy, 212, 736–746. 795 

Müller, S. (1838). Waarnemingen over de Indische Krokodillen en Beschrijving van Eene 796 

Nieuwe Soort. (Observations of the Indonesian crocodiles and description of a new 797 

species). Tijdschrift voor Natuurlijke Geschiedenis en Physiologie, 5, 61-87. 798 

Navarro, T., Cerda, I., Barrios, F., & Pol, D. (2022). Dental histology and attachment tissues 799 

in Notosuchus terrestris (Crocodyliformes, Notosuchia): palaeobiological implications. 800 

Lethaia, 55(1), 1-10. 801 

Nieto, M. N., Degrange, F. J., Sellers, K. C., Pol, D., & Holliday, C. M. (2022). 802 

Biomechanical performance of the cranio‐mandibular complex of the small notosuchian 803 

Araripesuchus gomesii (Notosuchia, Uruguaysuchidae). The Anatomical Record, 804 

305(10), 2695-2707. 805 

Novas, F. E., D. F. Pais, D. Pol, I. S. Carvalho, A. Scanferla, A. Mones, and M. Suárez 806 

Riglos. 2009. Bizarre notosuchian crocodyliform with associated eggs from the Upper 807 

Cretaceous of Bolivia. Journal of Vertebrate Paleontology, 29, 1316–1320. 808 



 

Osmólska, H. (1979). Nasal salt gland in dinosaurs. Acta Palaeontologica Polonica, 25(2), 809 

205–215. 810 

Ouwens, P. A. (1912). On a large Varanus species from the island of Komodo. Bulletin 811 

du Jardin botanique de Buitenzorg, 2(6), 1–3. 812 

Paolillo, A., & Linares, O. J. (2007). Nuevos cocodrilos sebecosuchia del cenozoico 813 

suramericano (Mesosuchia: Crocodylia). Paleobiologia Neotropical, 3, 1–25. 814 

Parsons, T. S. (1959). Nasal anatomy and the phylogeny of reptiles. Evolution, 13, 815 

175–187. 816 

Parsons, T. S. (1970). The nose and Jacobson's organ. In Gans and Parsons (Eds.), The 817 

Biology of the Reptilia vol. 2 (pp. 99–191), Morphology B. Academic Press, New York. 818 

Peaker, M. & Linzell, J.L. (1975). Salt Glands in Birds and Reptiles, Cambridge University 819 

Press (pp. 1–307). Cambridge, U. K. 820 

Pierce, S. E., Williams, M., & Benson, R. B. (2017). Virtual reconstruction of the endocranial 821 

anatomy of the early Jurassic marine crocodylomorph Pelagosaurus typus 822 

(Thalattosuchia). PeerJ 5, e3225. https://doi.org/10.7717/peerj.3225. 823 

Pinheiro, A. E. P., Pereira, P. V. L. G. D. C., de Souza, R. G., Brum, A. S., Lopes, R. T., 824 

Machado, A. S., ... & Simbras, F. M. (2018). Reassessment of the enigmatic 825 

crocodyliform "Goniopholis" paulistanus Roxo, 1936: Historical approach, systematic, 826 

and description by new materials. PLoS One, 13(8), e0199984. 827 

https://doi.org/10.1371/journal.pone.0199984 828 

Pinheiro, A. E. P., Luiz Gomes Costa Pereira, P. V., Mesquita Vasconcellos, F., Brum, A. S., 829 

Gomes De Souza, L., Costa, F. R., ... & Bandeira, K. L. N. (2023). New Itasuchidae 830 

(Sebecia, Ziphosuchia) remains and the radiation of an elusive Mesoeucrocodylia clade. 831 

Historical Biology, 35(12), 2280-2305. 832 

https://doi.org/10.1080/08912963.2022.2139179 833 

Pligersdorffer, C. C., Burke, P. M., & Mannion, P. D. (2025). Evaluation of the endocranial 834 

anatomy of the early Paleogene north African gavialoid crocodylian Argochampsa 835 

krebsi and evolutionary implications for adaptation to salinity tolerance in marine 836 

crocodyliforms. Journal of Anatomy, 246(6), 974-986. 837 

Pol, D., & Apesteguía, S. (2005). New Araripesuchus remains from the early late Cretaceous 838 

(Cenomanian–Turonian) of Patagonia. American Museum Novitates, 2005(3490), 1-38. 839 

Pol, D., & Powell, J. E. (2011). A new sebecid mesoeucrocodylian from the Río Loro 840 

Formation (Palaeocene) of northwestern Argentina. Zoological Journal of the Linnean 841 

Society, 163(S1), S7–S36. 842 



 

Pol, D., Leardi, J.M., Lecuona, A., Krause, J.M. (2012). Postcranial anatomy of Sebecus 843 

icaeorhinus (Crocodyliformes, Sebecidae) from the Eocene of Patagonia. Journal of 844 

Vertebrate Paleontology, 32, 328–354. 845 

Pol, D., Nascimento, P.M., Carvalho, A.B., Riccomini, C., Pires-Domingues, R.A., & Zaher, 846 

H. (2014). A new notosuchian from the Late Cretaceous of Brazil and the phylogeny of 847 

advanced notosuchians. PLoS ONE 9, e93105. 848 

https://doi.org/10.1371/journal.pone.0093105. 849 

Price, L. I. (1945). A new reptile from the Cretaceous of Brazil. Notas preliminares e 850 

estudos, Departamento Nacional da Produçao Mineral, Rio de Janeiro, Brazil, 25. 851 

Price, L. I. (1959). Sobre um crocodilideo notossuquio do Cretacico Brasileiro. Boletim 852 

Divisao de Geologia e Mineralogia, Rio de Janeiro, Brazil, 118: 1-55. 853 

Puértolas-Pascual, E., Serrano-Martínez, A., Pérez-Pueyo, M., Bádenas, B., & Canudo, J. I. 854 

(2022). New data on the neuroanatomy of basal eusuchian crocodylomorphs 855 

(Allodaposuchidae) from the Upper Cretaceous of Spain. Cretaceous Research, 135, 856 

105170. https://doi.org/10.1016/j.cretres.2022.105170 857 

Rayfield, E. J., & Milner, A. C. (2008). Establishing a framework for archosaur cranial 858 

mechanics. Paleobiology, 34(4), 494–515. 859 

Rusconi, C. (1933). Sobre reptiles cretácicos del Uruguay (Uruguaysuchus aznarezi) y sus 860 

relaciones con los notosuquios de Patagonia. Instituto de Geología y Perforaciones de 861 

Uruguay, Bol. 19. 862 

Saint Girons, H. (1976). Données histologiques sur les fosses nasales et leurs annexes chez 863 

Crocodylus niloticus Laurenti et Caiman crocodilus (Linnaeus)(Reptilia, 864 

Crocodylidae). Zoomorphologie, 84(3), 301-318. 865 

Sellés, A. G., A. Blanco, B. Vila, J. Marmi, F. J. López-Soriano, S. Llácer, J. Frigola, 866 

M. Canals, & A. Galobart. (2020). A small Cretaceous crocodyliform in a dinosaur 867 

nesting ground and the origin of sebecids. Scientific Reports, 10, 1–11. 868 

Sena, M. V., Montefeltro, F. C., Marinho, T. S., Langer, M. C., Fachini, T. S., Pinheiro, 869 

A. E., ... & Cubo, J. (2025). Revisiting the aerobic capacity of Notosuchia 870 

(Crocodyliformes, Mesoeucrocodylia). Lethaia, 57(4), 1-8. 871 

Sereno, P. C., Sidor, C. A., Larsson, H. C. E., & Gado, B. (2003). A new notosuchian 872 

from the Early Cretaceous of Niger. Journal of Vertebrate Paleontology, 23(2), 477–873 

482. 874 



 

Serrano-Martínez, A., Luján, À. H., García-Pérez, Á., & Fortuny, J. (2025). New data 875 

on the inner skull cavities of Diplocynodon tormis (Crocodylia, Diplocynodontinae) 876 

from the Duero Basin (Iberian Peninsula, Spain). Fossil Record, 28(1), 67-77. 877 

Simpson, G. G. (1937). New reptiles from the Eocene of South America. American 878 

Museum Novitates, 927, 1–3. 879 

Soto, M., Pol, D., & Perea, D. (2011). A new specimen of Uruguaysuchus aznarezi 880 

(Crocodyliformes: Notosuchia) from the middle Cretaceous of Uruguay and its 881 

phylogenetic relationships. Zoological Journal of the Linnean Society, 163(suppl_1), 882 

S173-S198. 883 

Spix, J. B. V. (1825). Animalia nova, sive, Species novae lacertarum quas in itinere per 884 

Brasliliam annis MDCCCXVII-MDCCCXX jussu et auspiciis Maximilani Josephi I. 885 

Bavariae regis suscepto/collegit et descripsit Dr. JB de Spix. 886 

Srinivas, A., Bright, J. A., Cunningham, J. A., Tavares, S. A. S., Ricardi-Branco, F., de Souza 887 

Carvalho, I., ... & Rayfield, E. J. (2025). Constraints and adaptations in crocodyliform 888 

skull evolution. Proceedings of the Royal Society B: Biological Sciences, 292(2058). 889 

Taplin, L. E., & Grigg, G. C. (1981). Salt glands in the tongue of the estuarine crocodile 890 

Crocodylus porosus. Science, 212(4498), 1045–1047. 891 

Taplin, L. E., Grigg, G. C., & Beard, L. (1985). Salt gland function in fresh water crocodiles: 892 

evidence for a marine phase in eusuchian evolution?. In Grigg G, Shine R, Ehmann H, 893 

(Eds.) Biology of Australasian Frogs and Reptiles (pp. 403–410). Sydney: Surrey 894 

Beatty and Sons. 895 

Taplin, L. E., Grigg, G. C., Harlow, P., Ellis, T. M., & Dunson, W. A. (1982). Lingual salt 896 

glands in Crocodylus acutus and C. johnstoni and their absence from Alligator 897 

mississippiensis and Caiman crocodilus. Journal of Comparative Physiology B: 898 

Biochemical, Systemic, and Environmental Physiology, 149(1), 43–47. 899 

Thompson, G. G., & Withers, P. C. (1997). Comparative morphology of western 900 

Australian varanid lizards (Squamata: Varanidae). Journal of Morphology, 233(2), 127-901 

152. 902 

Turner, A. H. (2006). Osteology and phylogeny of a new species of Araripesuchus 903 

(Crocodyliformes: Mesoeucrocodylia) from the Late Cretaceous of Madagascar. 904 

Historical Biology, 18, 255–369. 905 

Wagner, A. (1858). Zur Kenntniss der Saurier aus den lithographischen Schiefen. 906 

Abhandlungen der Mathemat. Physikalischen Classe der Königlich Bayerischen 907 

Akademie der Wissenschaften, 8 (2), 415–528. 908 



 

Walker, A. D. (1970). A revision of the Jurassic reptile Hallopus victor (Marsh), with 909 

remarks on the classification of crocodiles. Philosophical Transactions of the Royal 910 

Society London B, 257, 323–372. 911 

Whetstone, K., & Whybrow, P. (1983). A “cursorial” crocodilian from the Triassic of 912 

Lesotho (Basutoland), Southern Africa. Occasional Papers of the University of Kansas 913 

Museum of Natural History, 106, 1–37. 914 

Witmer, L. M. (1995). Homology of facial structures in extant archosaurs (birds and 915 

crocodilians), with special reference to paranasal pneumaticity and nasal conchae. 916 

Journal of Morphology, 225, 269–327. 917 

Witmer, L. M. (1997). The evolution of the antorbital cavity of archosaurs: a study in soft-918 

tissue reconstruction in the fossil record with an analysis of the function of 919 

pneumaticity. Journal of vertebrate Paleontology, 17, 1–76. 920 

Witmer, L. M., & Ridgely, R. C. (2008). The paranasal air sinuses of predatory and armored 921 

dinosaurs (Archosauria: Theropoda and Ankylosauria) and their contribution to 922 

cephalic structure. The Anatomical Record: Advances in Integrative Anatomy and 923 

Evolutionary Biology: Advances in Integrative Anatomy and Evolutionary Biology, 924 

291, 1362–1388. 925 

Wood, S. C., Johansen, K., & Gatz, R. N. (1977). Pulmonary blood flow, 926 

ventilation/perfusion ratio, and oxygen transport in a varanid lizard. American Journal 927 

of Physiology-Regulatory, Integrative and Comparative Physiology, 233(3), R89–R93. 928 

Woodward, A.S., 1896. On two Mesozoic crocodilians, Notosuchus (genus novum) and 929 

Cynodontosuchus (genum novum) from the red sandstones of the Territory of Neuquén 930 

(Argentine Republic). Anales del Museo de La Plata, 4, 1–20.  931 

Young, M. T., Schwab, J. A., Dufeau, D., Racicot, R. A., Cowgill, T., Bowman, C. I., 932 

Witmer, L. M., Herrera, Y., Higgins, R., Zanno, L., Xing, X., Clark, J., & Brusatte, S. 933 

L. (2024). Skull sinuses precluded extinct crocodile relatives from cetacean-style deep 934 

diving as they transitioned from land to sea. Royal Society Open Science, 11(10), 935 

241272. https://doi.org/10.1098/rsos.241272. 936 

 937 

Figure captions 938 

Figure 1. Holotype of Sebecus ayrampu (PVL 2606) from the Mealla Formation (Jujuy 939 

province, Argentina). A, Left lateral view; B, Dental implantation of the premaxillary and 940 

maxillary teeth (colored) in lateral view of the semitransparent rostrum; Roots of the 941 

functional teeth are highlighted in yellow, whereas replacement teeth are highlighted in red. 942 



 

Abbreviations: aod, antorbital depression; dml, dorsal margin of the lacrimal; lac, lacrimal; 943 

mx, maxilla; m1-5, maxillary root; pal, palatine; pmx, premaxilla; pt, pteryogid; p3-4, 944 

premaxillary root. Scale bar equals 20 mm. 945 

Figure 2. Transverse CT sections of the rostrum of Sebecus ayrampu (PVL 2606), with a 946 

reference image indicating the position of each section (A–I) along the horizontal axis. 947 

Abbreviations: al, alveolus; ants, antorbital sinus; aspp, ascending process of the palatine; ch, 948 

choana; dt, dentary; lac, lacrimal; lcd, nasolacrimal duct; lcs, lacrimal sinus; md, maxillary 949 

neurovascular canal; mx, maxilla; n, nasal; nc, nasal cavity; nvd, neurovascular canal; pal, 950 

palatine; pas, palatines sinus; pcm, maxillary pneumatic cavity; pfs, prefrontal sinus; phd, 951 

nasopharyngeal duct; phs, nasopharyngeal septum; pmx, premaxilla; pt, pterygoid; pts, 952 

pterygoid sinus; pvs, postvestibular sinus; th, tooth; thr, tooth root; v, vomers. Scale bar 953 

equals 20 mm. 954 

Figure 3. Rostral endocranial anatomy of Sebecus ayrampu (PVL 2606) in A, lateral; B, 955 

dorsal; C, ventral; D, anterior; E, posterior views with rostrum rendered transparent. Blue, 956 

nasal cavity; violet, nasopharyngeal duct; green, paranasal sinuses; pink, nasolacrimal duct. 957 

Abbreviations: ants, antorbital sinus; ch, choana; en, external nares; lcd, lacrimal duct; lcs, 958 

lacrimal sinus; mxs, maxillary sinus; nc, nasal cavity; ng, nasal glands; pas: palatine sinus 959 

pfs, prefrontal sinus; phd, nasopharyngeal duct; pts, pterygoideal sinus; pvs, postvestibular 960 

sinus. Scale bar equals 20 mm. 961 

Figure 4. Transverse CT section of the mandible of Sebecus ayrampu (PVL 2606), with a 962 

reference image indicating the position of each section (A-C) along the horizontal axis. 963 

Abbreviations: al, alveolus; dt, dentary; mch, meckelian channel; msph, mandibular 964 

symphysis; nvd, neurovascular duct; sp, splenial; th, tooth; thr, tooth root. Scale bar equals 20 965 

mm. 966 
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Table 1. Measurements of the nasal cavity and nasopharyngeal duct in a comparative sample of Crocodyliformes. 

Taxon  Nasal 

cavity 

heightb 

(mm) 

Nasal 

cavity 

widthb 

(mm) 

Nasal cavity 

ratio 

(height/width) 

Nasal cavity 

vol (mm3) 

Nasophary

ngeal duct 

vol (mm3) 

Nasopharyng

eal duct 

croos-section 

area (mm2)c 

Nasopharyn

geal duct 

height 

(mm)c 

Nasopharyn

geal ratiod 

Sebecus 

ayrampu 

42.4 28.6 1.48 47.791 12.039 85.8 24.5 0.25 

Notosuchus 

terrestris 

31.6 36.9 0.85 32.145 9.258a 26.0 9.74 0.28 

Simosuchus 

clarki 

38.2 44.0 0.86 49.505 7.490 81.0 11.4 0.15 

Alligator 

mississippiensis 

29.5 60.6 0.48 121.024 44.400 108.6 12.1 0.37 

Caiman yacare 33.5 50.3 0.66 96.192 48.600 86.7 11.5 0.50 

Crocodylus 

niloticus 

50.2 74.6 0.67 432.006 161.080 213.7 22.7 0.37 

a Partially preserved 
b Width and height máximum of the olfactory region, between frontal, prefrontal, lacrimal, maxilar, pterygoids, and palatines bones; 

immediately in front of the prefrontal pillars 
c Same level as the previous measure between pterygoids, and palatines; only on one side 
d Nasopharyngeal duct vol / nasal cavity vol 

 


