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Crocodilian diversity during the Neogene in equatorial South was highly linked to 

hydrographic conditions. The connections between hydrographic basins and the 

development of mega-wetland systems in equatorial South America allowed the long 

persistence of several lineages over an extensive geographical range. The extinction of 

gavialoids and specialized caimanines in equatorial South America was likely caused by 

the isolation and aridification of peripheral basins, together with the disappearance of 

mega-wetlands. The presence of cf. Crocodylus in the upper Castilletes Formation 

extends the geographical range of Neotropical Crocodylus in the Pliocene, and represents 

an immigrant taxon that occupied the hydrographical basins after the extinction of 

Miocene assemblages. 
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FIGURE CAPTIONS 

Figure 1. A, Map of equatorial South America showing the geographical position of 

Neogene and Quaternary crocodilian localities; B, Geographical position of the Cosinetas 

basin in the Guajira Peninsula of Colombia. Abreviations: 1, late Oligocene-early 

Miocene Castillo Ftion, Falcón State, Venezuela; 2, Middle Miocene Parángula 

Formation, Barinas State, Venezuela; 3, Middle Miocene Fitzcarrald Fauna, Ipururo 

Formation, Madre de Dios Department, Peru; 4, Middle Miocene La Venta Fauna, Honda 

Group, Huila Department, Colombia; 5, Acre Fauna, late Miocene Solimões Formation, 

Acre State, Brazil; 6, middle Miocene-Pliocene Faunas in the Urumaco sequence, Falcón 

State, Venezuela; 7, Miocene-Pliocene Castilletes Formation, Guajira Department, 

Colombia; 8, late Pliocene Pisco Formation Montemar level, Arequipa Department, Peru; 

9, Pleistocene Mesa Formation, Breal de Orocual, Monagas State, Venezuela; 10, Late 

Pleistocene Rio Madeira Formation, Rondonia State, Brasil. 

 

Figure 2. Stratigraphic Section for the Castilletes Formation in the Cosinetas basin 

(Jaramillo et al., in prep.), showing the stratigraphic position of crocodilian samples. 

 

Figure 3. Gavialoids from the lower Castilletes Formation. A and B, STRI-CTPA-16561, 

portions of the maxillae, nasals, frontal, prefrontals, lacrimals, jugals and palatines in 

dorsal and ventral views. C-E, STRI-CTPA-16567 Rostrum fragment of longirostrine 

crocodilian in Lateral, medial, anterior and posterior views. F and G, STRI-CTPA-16791, 

partial axis in lateral and ventral views. Abreviations: al, alveolus; f, frontal; hy, axial 
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hypapophyses; j, jugal; l, lacrimal; mx, maxilla; n, nasal; pal, palatine; trig?, possible 

passage for the trigeminal nerve.  

 

Figure 4. Alligatoroidea gen et sp indet, STRI-CTPA-17145. A-F, fragment of posterior 

left maxilla in ventral (A), dorsal (B), medial (C), lateral (D), posterior (E), and anterior 

(F) views. G-H, partial frontal in dorsal (G) and ventral (H) views. I-P Partial vertebrae 

in anterior (I, K, M, O) and lateral (J, L, N, P) views. Abreviations: al1, anterior 

alveolus; al5, posterior alveolus; ec-mx, suture with the ectopterygoid; ncs, neurocentrum 

suture; olf, groove for the olfactory tract; trig, passage for the trigeminal nerve. Scale = 

50 mm. 

 

Figure 5.  Caimanine alligatoroids from the lower Castilletes Formation. A-I, cf. 

Purussaurus, isolated tooth in labial; lingual; and lateral views: STRI-CTPA-16800 (A-

C); STRI-CTPA-16802 (D-F); STRI-CTPA-16803(G-I). Scale = 10 mm. J, detail of teeth 

in STRI-CTPA-16800 in lateral view, showing the wrinkled ornamentation of the enamel. 

Scale = 5 mm. K, Purussaurus neivensis, UCMP , detail of teeth in labial view, showing 

the wrinkled enamel surface. L-Q, cf. Purussaurus, incomplete osteoderms in dorsal, 

lateral and ventral views: STRI-CTPA-16806 (L-M); STRI-CTPA-16804 (O-Q). Scale = 

5 mm. R-W, cf. Mourasuchus, STRI-CTPA 16558. R-U, lacrimal in ventral (R); dorsal 

(S); lateral (T); and posterior (U) views. V-W, maxilla fragment in dorsal (V) and ventral 

(W) views. Abbreviations: 1acd, lacrimal duct; lacf, lacrimal foramen; preo, preorbital 

canthus; ocp, oclussal pit. Scale = 10 mm. 
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Figure 6. Crocodyloids from the upper Castilletes Formation. A-C, STRI-CTPA Partial 

premaxila in dorsal (A); ventral (B); and lateral (C) views. D-O, STRI-CTPA , fragments 

of skull, mandible, and osteoderms. D, frontal in dorsal view; E, frontal in ventral view; 

F-G, Parietal and supraoccipital in dorsal (F) and ventral (G) views. H, partial right 

squamosal. I-J, partial right postorbital in dorsal (I) and ventral (J) views. K, partial left 

jugal. L-O, partial osteoderms in dorsal view. P, fragment of right dentary in lateral view. 

Q, fragment of right surangular in lateral view. R, angular fragment in lateral view. 

Abbreviations: al, external rim of eleventh? alveolus; nar, narial rim; not, notch for the 

fourth mandibular tooth; ocp, occlusal pit; olf, groove for the olfactory tract; orb, orbital 

rim; so, supraoccipital; stf, supratemporal fenestrae rim. Scale = 50 mm. 

 

Figure 7. cf. Crocodylus from the upper Castilletes Formation. A-C, STRI-CTPA-17702, 

posterior fragment of right mandibular ramus in dorsal (A); lateral (B); and medial (C) 

views. D, detail of glenoid fossa in dorsal view. E, detail of surangular-articular suture in 

medial view. Abbreviations: an, angular; ar, articular; faan, foramen for articular artery 

and alveolar nerve; fae, foramen aerum; sa, surangular. 

 

Figure 8. Eusuchian vertebrae from the Castilletes Formation. All in anterior and right 

lateral views, unless otherwise stated. A-B, STRI-CTPA-16422, posterior cervical 

vertebra from the locality 390085 (Cemetery). C-I, vertebrae from locality 390094 

(Patajau Valley). C-D, STRI-CTPA-16789, anterior dorsal vertebra. E-G, STRI-CTPA-

16788 isolated centrum in anterior (E), dorsal (F), and right lateral (G) views. H-I, STRI-

CTPA-1 caudal centrum. J-X, vertebrae from locality 390075 (Police Station). J-K, 
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STRI-CTPA-16167, cervical vertebra. L-N, STRI-CTPA-16203, anterior dorsal in 

anterior (L), lateral right (M), and lateral left (N) views. Q-R, STRI-CTPA-16296, 

cervical vertebra. S-V, articulated series of 3 vertebrae, the posterior element (S-T) was 

detached from the other two (U-V) during collection. W-X, dorsal or lumbar vertebra. 

Scale = 50 cm. 

 

Figure 9. Crocodilian skull fragments and teeth from the Castilletes formation. A-C, 

STRI-CTPA-16334, rostrum fragment from locality 390090 (La tienda) in medial (A), 

lateral (B), and occlusal (C) views. Scale = 10 mm. D-J, skull fragments from the upper 

Castilletes Formation, locality 390075 (Police Station). D-F, STRI-CTPA13109, 

articulated lacrimal and jugal fragments in dorsal (D) and ventral (E) views, and 

undetermined skull fragment (F). Scale = 50 mm. G, STRI-CTPA-16352, partial 

squamosal in dorsal view. Scale = 10 mm. H-J, STRI-CTPA-16240, partial jugal or 

maxilla in lateral view (H) and indeterminate skull fragments (I, J). Scale = 50 mm. K-Y, 

crocodilian teeth from the Castilletes Formation. K-M, STRI-CTPA-17158, slender, sharp 

tooth from locality 390094 (Patajau Valley) in labial (K), lingual (L), and lateral (M) 

views. N, detail of STRI-CTPA-17158, showing thin, parallel secunday carinae. O-P, 

STRI-CTPA-16554, slender tooth from locality 390085 (Kaitamana) in internal (O) and 

lateral (P) views. Q-S, STRI-CTPA-****, tooth from locality 390075 (Police Station) in 

labial (Q), lingual (R), and lateral (S) views. T-Y, STRI-CTPA-16277 (T-V) and STRI-

CTPA-16278 (W-Y), slender teeth from locality 390075 (Police Station) in labial (Q), 

lingual (R), and lateral (S) views.  
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Figure 10. Crocodilian poscranials and osteoderms from the Castilletes Formation. A-B,  

STRI-CTPA-16189, partial coracoid from locality 390075 (Police Station) in lateral (A) 

and medial (B) views. Scale = 50 mm. C-D, STRI-CTPA-16781, ilium from locality 

390094 (Patajau Valley) in lateral (C) and medial (D) views. Scale = 50 mm. E-H, 

osteoderms from locality 390085 (Kaitamana): STRI-CTPA-16336 (E), STRI-CTPA-

16424 (F), STRI-CTPA-16415 (G), STRI-CTPA-16426 (H). Scale = 10 mm. I-O, dorsal 

and lateral osteoderms from locality 390075 (Police Station). I-J, STRI-CTPA-20432, 

complete dorsal osteoderm in dorsal (I) and posterior (J) views. Scale = 50 mm. K-M, 

incomplete dorsal osteoderms: STRI-CTPA-16240 (K), STRI-CTPA-17136 (L), STRI-

CTPA-20337 (M). Scale = 50 mm. N-O, lateral osteoderms: STRI-CTPA-19620 (N), 

STRI-CTPA-16215 (O). Scale = 50 mm. 

 

Figure 11. Crocodilian faunas and hydrographic change in equatorial South America 

during the Neogene and Quaternary. A, crocodilian assemblages through time. Individual 

taxa names from Riff, et al (2009) and Scheyer et al (2013). Locality numbers are as in 

figure 1. B, history of hydrographic systems during the Neogene of South America. The 

upper bar represents different hydrographic systems (Pebas, Acre, Amazon)  in the 

western Amazonian basin. Shorter bars indicate the approximate establishment of 

separate peripheral basins (Orinoco, Magdalena, Maracaibo) after isolation from the 

western amazon. Abbreviations 1. Siquisiquesuchus venezuelensis; 2, Barinasuchus 

arveloi; 3, Purussaurus sp; 4, Mourasuchus sp.; 5, Caiman sp.; 6, Paleosuchus sp.; 7, 

Gryposuchus sp.; 8, Sebecidae gen et sp indet.; 9, Purussaurus neivensis; 10, 

Mourasuchus atopus, 11, Eocaiman sp; 12; Caiman cf. lutescens; 13, Gryposuchus 
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colombianus; 14, Charactoschus fieldsi; 15, Langstonia huilensis; 16, Purussaurus 

brasiliensis; 17, Mourasuchus amazonicus, M. nativus, and M. arendsi; 18, Caiman 

niteroiensis; 19, Caiman brevirostris; 20, Gryposuchus jessei; 21, Hesperogavialis sp.; 

22, Charactosuchus mendesi; 23, Ikanogavialis gameroi; 24, cf. Thecachampsa; 25, 

Purussaurus mirandai; 26, Mourasuchus arendsi and M. nativus; 27, Melanosuchus 

fisheri; 28, Globidentosuchus brachyrostris; 29, Gryposuchus arendsi; 30, 

Hesperogavialis cruxenti; 31, Charactosuchus mendesi and C. sansoai; 32, Crocodylus 

falconensis; 33, Alligatoridae gen et sp indet; 34 Gavialoidea gen et sp indet; 35, cf. 

Crocodylus; 36, Piscogavialis jugaliperforatus; 37, Caiman venezuelensis; 38 Crocodylus 

sp. 
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FIGURE 1 
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FIGURE 2 

 



58 

 

FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 10 
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FIGURE 11 

 


