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ABSTRACT





On the presence of a dermal armor on some titanosaurid dinosaurs.—On the basis of the evidence provided by Upper Cretaceous titanosaurid Saltasaurus loricatus, the armored condition of certain titanosaurids is considered.  Dermal plates and small ossicles referred to Saltasaurus loricatus are described and discussed.  A review of other cases of dermal plates associated with titanosaurid remains found in Upper Cretaceous localities suggests that Titanosaurus and Laplatasaurus were probably armored forms.  The distribution of Ankylosauria in Gondwana is considered.   





INTRODUCTION 


	Sauropods traditionally have been considered as a group of dinosaurs devoid of dermal armor.  This type of structure is characteristic of the suborders Stegosauria and Ankylosauria, although other groups of dinosaurs occasionally have osseous formations of the dermal type.  


	Depéret (1896) suggested the possibility that the titanosaur Laplatasaurus madagascariensis was an armored form, but this supposition was not agreed on by later authors. 


	Huene (1929:150) assigned the dermal ossifications obtained at the Cinco Saltos locality (Upper Cretaceous) of Río Negro Province to the order Ankylosauria, and on these pieces he founded the species Loricatus scutatus.  The same author (1929:91) supposed that a dermal plate described by Depéret (1896) and assigned to Laplatasaurus madagascariesis in reality did not correspond to a titanosaurid and was probably not a dermal ossification.


	Convincing remains of any of the dinosaur groups that are characterized by dermal armor were not discovered in either of the mentioned cases.  


	The appearance of various dermal plates and ossicles attributed by Bonaparte and Powell (1978) to Saltasaurus loricatus (Sauropoda, Titanosauridae) has induced the revision of earlier descriptions of dermal plates associated with titanosaurids from the Upper Cretaceous of Gondwana.  This analysis allows consideration of the possibility that at least some titanosaurids developed naturally protective bones in their dermis.  


	The armored condition of some titanosaurids constitutes a character of great interest, novel within sauropods.  





OBSERVATIONS ON THE CASES OF ASSOCIATION OF DERMAL PLATES WITH TITANOSAURID REMAINS 


Saltasaurus loricatus Bonaparte and Powell, 1978


Dermal Plates


	Material—PVL 4017-112/113/114/115/116/134 (Fig. 1a-d).  


	Description—The plates have a more or less oval contour, with irregular margins.  The dorsal face is roughly conical and is ornamented with numerous rugosities outlined by variably sized fossae.  A “ring” of small tuberosities is situated near the margin of the plate.  The ventral face is more or less flat with irregular grooves positioned near the margin and perpendicular to it.  In some plates this face is crossed by a longitudinal crest that is oriented along the long axis.  In others, this crest does not exist and the ventral face is somewhat concave.  


	In one plate (PVL 4017-115),  subspherical ossicles are fused around the margin (Fig. 1d).  


Dermal Ossicles


	Material—Four groups of dermal ossicles associated and in their original position (PVL 4017-117/118/119/120) and numerous grouped or isolated ossicles (Fig. 1e). 


	Description—The ossicles are subspherical and do not have a uniform structure.  The diameter of most pieces fluctuates around 7 mm.  They are arranged side by side, almost touching, forming a layer of ossicles arranged in a mosaic of irregular design, with a density of approximately 27 elements/10 cm2. 


	In the case of one group of ossicles (PVL 4017-119) a large, uniform central element, around which the other elements are arranged, can be observed.  


	Discussion—The pieces described above were discovered in the El Brete locality (prov. de Salta, Argentina), located in levels that correspond to the Lecho Formation (Bonaparte et al., 1977; Bonaparte and Powell, 1978).  A fauna composed of the following taxa is integrated at this locality:


	Sauropoda


	Titanosauridae		Saltasaurus loricatus


Coelurosauria			


	Noasauridae		Noasaurus leali


Carnosauria			gen. et sp. indet. 


Aves				three indeterminate orders.


	Bonaparte and Powell (1978) supposed that Saltasaurus loricatus was probably an armored form, attributing the dermal ossifications discovered at the locality to this species.  The presumption is based on the fact that, in addition to finding these ossification in frequent association with titanosaurid remains, Saltasaurus loricatus is the only species of large enough size capable of possessing the dermal plates here described.  The rest of the fauna includes a small to medium-sized coelurosaur, small birds, and teeth of a medium-sized carnosaur.  There is no evidence for dinosaurs of the typical armored suborders (Ankylosauridae, Stegosauria).  


	The morphology of the dorsal face of the plates of Saltasaurus loricatus recall those of the tail pipe of glyptodontids such as Panochthus (Burmeister, 1870-1874).  The rugosities could be interpreted as the insertion of the horny covering, as suggested by Depéret for Laplatasaurus madagascariensis.  


	The ossicles were intradermal, comforming to an armor resembling that observed in South American mylodonts, documented in the remains of Mylodon darwini discovered in southern Patagonia (Roth, 1899; Pascual, 1966). 


	The distribution of these elements is in the field of speculation.  The plates could be situated near the vertebral column, taking into account that this type is present in some dinosaurs and in the thecodonts.  Another possibility is that they are found in reduced number on the tail, serving as a defensive structure.  This hypothesis is supported by the conformation of the anterior caudal vertebrae, which provided with well–developed transverse processes, and could have effected strong lateral movements of the tail.  


	The intradermal ossicles surely protected the dorsal and lateral parts of the body.  





Laplatasaurus madagascariensis Depéret 1896


	This species from the Upper Cretaceous of the Majunga region (northeast Madagascar) was originally described by Depéret (1896) as Titanosaurus madagascariensis and was later referred to the genus Laplatasaurus (Huene, 1929:91).  


	In his description, Depéret provisionally attributed a more or less oval, rounded ossification, large and thick, a domed dorsal surface with profound rugosities, slightly raised into a cone to this species.  This author interpreted it as a dermal ossification that probably pertained to a titanosaurid, basing his contention on the fact that the ossification was associated with sauropod vertebrae described by him.  Depéret supposed that, by the rugosities on the dorsal surface, that this piece was the base of insertion of a horny plate or a powerful spine that was situated, as in other dinosaurs, on the posterodorsal part or the base of the tail.  


	These observations were not shared by Huene (1929:91) who supposed that the piece did not correspond to a titanosaurid or that, any case, was not a dermal ossification.


	It is considered here that in accord with the description of Depéret (1896), the piece under discussion is a dermal ossification.  That it pertains to a titanosaur is supported by association of vertebrae of Laplatasaurus and the evidence obtained in the El Brete locality, discussed previously.  





Titanosaurus australis, Titanosaurus robustus, and Laplatasaurus araukanicus


	From the locality of Cinco Saltos (prov. de Río Negro, Argentina), in levels corresponding to the Neuquén Group (Upper Cretaceous) 26 dermal ossifications associated with titanosaur remains were recovered and attributed by Huene (1929:150) to Ankylosauria.  This material is composed of pieces of variable size.  


	The dermal plates (Fig. 2a-d) are more or less oval, with a dorsal longitudinal crest and a “pearled” margin.  In one case, this ring of tuberosities is double.  The dorsal surface has grooves, small depressions, and tuberosities.  


	The median plates are oval and approximately circular.  They do not have a crest on the dorsal surface, being flat, convex, or concave. 


	The small ossifications are irregular shaped.   


	Discussion—After Huene (1929), the fauna discovered in the Cinco Saltos locality was integrated in the following manner:


Sauropoda


	Titanosauridae		Titanosaurus australis


				T. robustus


				Laplatasaurus araukanicus


				cf. Macrurosaurus


Theropoda 


	Carnosauria		gen. indet. 


	Coelurosauria		gen. indet.


Ankylosauria			Loricosaurus scutatus


	In this locality, the majority of material corresponds to Titanosaurus australis, T. robustus, and Laplatasaurus araukanicus.  


	As can be seen, the panorama is not very different from that described for the El Brete locality; titanosaur remains predominate and the material tentatively referred to ankylosaurs (apart from the plates in question) corresponds to a single metacarpal. 


	Given the resemblance in basic characters of the plates from Cinco Saltos and those of El Brete, and also the preponderance of titanosaurids in the association of Cinco Saltos, we consider the dermal ossifications described by Huene as very possibly corresponding to either or both species of Titanosaurus and eventually Laplatasaurus araukanicus. 


	The possibility that some elements pertain to this latter species is based on the fact that the large dermal plates from Cinco Saltos are larger than those of Saltasaurus loricatus, and should correspond to a larger animal, such as Laplatasaurus araukanicus and not smaller, like Titanosaurus australis or T. robustus. 


	Nevertheless, the possibility that all these ossifications could correspond to distinct regions of the body of the same species or genus cannot be disregarded.  





PALEOBIOGEOGRAPHIC CONSIDERATIONS


	The ankylosaurs constitute an widely distributed group represented in the Cretaceous of the northern hemisphere, and not occurring in the south where their record is almost nothing. 


	After the information synthesized by Charig (1973), the geographic and temporal distribution of the group is the following:


	Lower Cretaceous: North America, Europe, and east Asia. 


	Upper Cretaceous: North America, Europe, east and south Asia, and ?South 			America. 


	The only records suggesting the presence of the Suborder Ankylosauria in Gondwana occurs in the Upper Cretaceous of India and possibly South America.  


	In accordance with the suggestion of Bonaparte and Powell (1978), which is reaffirmed in this work, the dermal plates attributed by Huene to the ankylosaur Loricosaurus scutatus correspond to titanosaurids. 


	Furthermore, the sacral fragment described by Huene (1929:153) and interpreted as an ankylosaur, according to our observations corresponds to a large titanosaurid.  This piece, although fragmentary, shows characters resembling the sacrum of Saltasaurus loricatus, such as the sacral ribs fused at their distal extremes.  


	On the basis of the arguments made above, we consider that there is no evidence for the presence of the suborder Ankylosauria in South America. 


	The records in India correspond to two species represented by scarce material from the Lameta Formation of Jubbulpure, Madhya Pradesh; these are: Lametasaurus indicus and Brachypodosaurus gravis (Steel, 1969). 


	In accordance with that outlined above, we can conclude that that the ankylosaurs constitute a poorly represented group in the Gondwanan environment and probably restricted to certain areas of the same.  


	If India is considered an area isolated from the other continents in the Late Cretaceous (after the paleogeographic maps of Cox [1974]), we can suppose that the ankylosaurs located there were descendants of a stock that had populated Gondwana during the Eocretaceous.  


	The scarce distribution of ankylosaurs and other ornithischians in the Upper Cretaceous the southern hemisphere and India could be a consequence of the successful expansion of the sauropods that had utilized, at least in part, the ecological niches occupied by ornithischians in the northern hemisphere. 





CONCLUSIONS


1) The evidence offered by the El Brete locality (prov. de Salta, Argentina) permits the supposition that Saltasaurus loricatus  was a form armored with dermal plates and ossicles. 


2) The armored condition in Saltasaurus loricatus probably also characterized other titanosaurids, such as Titanosaurus australis, T. robustus, Laplatasaurus madagascariensis, and eventually L. araukanicus.  


3) For also having armored forms, the Titanosauridae constitute a peculiar group within sauropods, as this type of structure has not been recorded elsewhere in the infraorder.


4) The interpretation of the dermal plates of “Loricosaurus scutatus” and the sacral fragment described by Huene (1929) as pertaining to titanosaurids weakens the hypothesis that ankylosaurs were present in the Upper Cretaceous of South America.  The Indian forms assigned to this suborder indicate that the anykylosaurs populated Gondwana from the Lower Cretaceous, sparsely distributed and restricted to certain areas. 
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FIGURE LEGENDS





FIGURE 1. Saltasaurus loricatus. A and B: Dermal plate PVL 4017-112 in dorsal and ventral view.  C: Transverse section through the same plate; D: Dermal plate showing subspherical ossicles fused around the margin, in dorsal view.  E: Group of dermal ossicles in original position.  





FIGURE 2. Dermal plate attributed to a titanosaur (?Laplatasaurus araukanicus) coming from Cinco Saltos (Prov. de Río Negro, Argentina).  A: dorsal view; B: ventral view; C: axial view; D: lateral view.  (Taken from Huene, 1929). 


†Original reference: Powell, J. E.  1980.  Sobre la presencia de una armadura dermica en algunos dinosaurios titanosauridos. Acta Geologica Lilloana 15:41-47.  
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