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Abstract - New specimens of the rhynchosaur Zsalorhynchus genovefae Buffetaut, 1983, 
have been found in the Makay Formation (Late Triassic of the Morondava Basin), Malio River 
area, southwest Madagascar. The material includes several maxillae as well as the first known 
rhynchosaur dentaries from the region. The maxilla bears a single longitudinal groove, with 
fewer than three longitudinal tooth rows both medial and lateral to it. The dentary possesses a 
single blade, with an additional row of teeth on its lingual surface. A phylagenetic study, based 
on the morphological features possible to measure for Zsalorhynchus, as well as on previous 
cladistic analysis of Rhynchosauria, showed that the Malagasian rhynchosaur is nested within 
the genus Hyperodapedon, and a new combination - H. genovefae - is proposed. The phyloge- 
netic study also depicts clear trends in the tooth evolution of Late Triassic rhynchosaurs, with 
the reduction of the medial structures in relation to the lateral ones, in both maxilla and 
dentaty. 0 2000 Editions scientitiques et medicales Elsevier SAS 
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R&urn6 - La position phylog6nCtique d’lsalorhynchus genovefae, rhynchosaure du 
Trias supkrieur de Madagascar. De nouveaux specimens du rhynchosaure Zsalorhynchus 

genovefae Buffetaut, 1983, ont CtC decouverts dans la formation Makay (Trias superieur du 
bassin de Morondava), pres de la rivibre Malio, dans le sud-ouest de Madagascar. Le materiel 
comprend plusieurs maxi&tires ainsi que les premiers dentaires de rhynchosaures decouverts 
dans la region. Le maxillaire possbde un seul sillon longitudinal, avec une ou deux rangees 
longitudinales de dents de chaque c&t. Le dentaire possede une rangee de dents formant une 
lame sur la face occlusale de 1’0s avec une rangee supplementaire de dents sur sa face lin- 
guale. Une etude phylogenetique, bade sur les caracttres morphologiques qu’il est possible de 
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dCterminer chez Isalorhynchus, coupICe avec une analyse cladistique antCrieure de l’ensemble 
des Rhynchosauria, indique que le rhynchosaure malgache se situe au sein m&me du genre 
Hyperodapedon, et une nouvelle combinaison -H. genovefae - est done proposte. L’Ctude 

phylogCnCtique met Cgalement en Cvidence des tendances claires dans 1’Cvolution de la den- 
ture des rhynchosaures du Trias supbrieur, avec la rCduction des structures mCdiales par rap- 
port g celles la&ales, g la fois sur le maxillaire et le dentaire. 0 2000 Editions scientifiques et 
mCdicales Elsevier SAS 

Madagascar / Rhynchosaures I Trias / Hyperodapedon / Zsalorhynchus genovefae 

INTRODUCTION 

Since the beginning of the twentieth century [52], research on Permo-Triassic 

tetrapods in Madagascar has been focused on the deposits of the Sakamena Group 

(Morondava Basin) in the southern part of the island. Late Permian rocks of the 

Lower Sakamena around Mount Eliva and Benenitra cfigure I) have yielded a very 

rich diapsid fauna, including the aquatic younginiformes Hovasaurus, Thadeo- 

saurus, and Acerosodontosaurus [ 19, 26, 271, the probable early sauropterygian 

Claudiosaurus [ 191, and the gliding reptile Coelurosauravus [ 181. These strata have 

also yielded a single synapsid taxon, the dicynodont Oudenodon sakamenensis, col- 

lected from an unknown locality between Benenitra and Ranohira [SO]. Upper strata 

of the Sakamena Group, in the area of Ranohira @gure I), yielded the owenettid pro- 

colophonoid Barasaurus [5 1, 531, as well as a probable rhinesuchid temnospondyl 

[52]. The age of these rocks is debatable, and they have been tentatively referred to 

as Late Permian to earliest Triassic [l, 6, 25, 521. In the northern part of Madagascar, 

the ammonite beds of the Diego Basin have yielded a diverse fauna of Early Triassic 

age [6]. These deposits bear well known temnospondyls, including trematosaurids, 

rhytidosteids, lydekkerinids, and capitosaurids [35], a probable younginiform [46], 

as well as the early salientian Triadobatrachus [56]. 

Mid-Late Triassic deposits in Madagascar, by contrast, have produced compara- 

tively few tetrapods. Fragmentary remains attributable to phytosaurs and to a meto- 

posaurid temnospondyl were described from what are presumed to be Late Triassic 

rocks [28,34,65], in particular from deposits near Folakara, in the northwestern part 

of the island (figure 1). In addition, the southern part of the Morondava Basin yielded 

the rhynchosaur Isalorhynchus genovefae [ 161, which is the subject of the present 

work. 

Zsalorhynchus is based on very fragmentary remains found in the former collec- 

tion of the laboratoire de palContologie de I’universitC Paris-VI, but their exact 

provenance is unknown. Buffetaut [16] relied on indications found on the labels of 
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Figure 1. Map of Madagascar depicting 

the outcrop area (shading) of the 
Karroo deposits (Upper Carbonifer- 

ous to Upper Triassic) of the 
Morondava Basin; modified from 

Razafimbelo [57]. The white star 
indicates the approximate location 

of the two prospected fossil sites. 

Numbers indicate other main 

Permo-Triassic tetrapod bearing 
areas in the island: 1. Mount Eliva 
and Benenitra. 2. Ranohira. 3. Diego 

Basin. 4. Folakara. 

Figure 1. Carte de Madagascar montrant 
l’extension (en gris) des affleure- 

ments du Karroo (du Carbonif&re 
superieur au Trias superieur) dans le 

bassin du Morondava ; modifie 
d’aprbs Razafimbelo [57]. L’etoile 

blanche montre l’emplacement 

approximatif des deux sites fossili- 
f&es prospect&. Les chiffres indi- 

quent les autres sites ayant livres des 
tetrauodes sur I’ile. 1. Mont Eliva et 

Benenitra. 2. Ranohira. 

3. Bassin de Diego. 4. Folakara. 

the material, which assigned the base of the Isalo II beds, Malio River (southwest 

Madagascar) as the source area of the specimens. 

Recently, a much better picture of the Gondwanan stratigraphy in the Morondava 

Basin was provided by Razafimbelo [57]. The former Isalo II beds were renamed as 

the Makay Formation, which comprises the rocks outcropping in the Malio River 

area. Moreover, palynological studies in the Makay Formation confirmed the Late 

Triassic (Camian) age of this stratigraphical unit, which shares a very similar paly- 

noflora with Mediterranean and Western Australian strata of that age [57]. 

In spring 1996, fieldwork carried out by G.C. and L.B., together with Eugene 

Razafimbelo and Jean-Gilbert Rakotondratsimba from the University of Antana- 

narivo, explored the Upper Triassic deposits of the Malio River area (Ihosy District, 

west of the Isalo National Park). Two fossil-bearing sites were found in the varie- 

gated marls of the Makay Formation near the village of Bereketa figure I). The first 

one, situated 2 km south of Bereketa on the west bank of the Malio River, yielded 

many rhynchosaur remains and a jaw fragment of a procolophonid. The remains 

were found scattered on the ground, but the exact fossiliferous layer could not be 

located. The second site, 5 km to the north of Bereketa, still on the west bank of the 

Malio river, only yielded unidentified reptile bones. 

The fact that most of the bone remains recovered from the Makay Formation 

belong to rhynchosaurs is not unexpected, since these reptiles were the dominant 
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first-level consumers in most terrestrial Carnian palaeocommunities, and very com- 

mon in rocks of this age all around the world 17, 12, 131. The newly collected rhyn- 

chosaur specimens comprise cranial fragments, including several maxillae and the 

first known rhynchosaur dentaries from the area, as well as postcranial remains. In 

the light of these new findings, this study provides descriptive notes on the anatomy 

of the Malagasian rhynchosaur, and deals with its phylogenetic position and taxo- 

nomic affinities. This is a question that, due to the scarcity of the material available 

until now, has not been satisfactorily answered in various previous accounts about 

rhynchosaur taxonomy [ 10,29,66]. 

More recently, a much richer tetrapod assemblage was reported in the southern 

part of the Morondava Basin [31, 321. This fauna includes rhynchosaurs as well as 

procolophonids, prosauropod dinosaurs, sphenodontians, kannemeyeriid dicyn- 

odonts, traversodontid cynodonts, and ‘eosuchians’, and was tentatively dated as late 

Middle to early Late Triassic [32]. Based on the geographical coordinates provided 

by Flynn et al. [32], it seems that the new fossil localities are about 3040 km west of 

the Malio River. Unfortunately, there is no direct evidence that the rocks outcropping 

in that area are from the same strata that yield the rhynchosaur specimens presented 

here. 

DESCRIPTIVE ACCOUNTS 

In total, the rhynchosaur material described by Buffetaut [ 161 and the newly col- 

lected remains represent about 40 identifiable specimens, including parts of three 

premaxillae, 14 maxillae, one basioccipital, four dentaries, several vertebrae, and 

some appendicular elements, including humera and an isolated astragalus. A femur 

referred to Isalorhynchus by Buffetaut [ 161 is of dubious affinity and may not belong 

to a rhynchosaur. 

Whatley [67], based on a preliminary study of more complete specimens, sug- 

gested the presence of two rhynchosaur taxons in the Triassic deposits of the Moron- 

dava Basin. Yet, no indication of such diversity was found in the present study, and 

all the specimens are treated as belonging to a single taxon. This taxon is supposed to 

be I. genovefae, due to the presence of unique features (medial tooth-bearing area 

composed of fewer than three tooth rows and lateral tooth bearing area with a lateral 

edentulous platform) in the holotype and other maxillae. The assignment of other 

skeletal elements to that taxon is also suggested here, but this is not supported by the 

presence of autapomorphies. 

This contribution focuses on skeletal elements of the Malio River rhynchosaur 
that are taxonomically important, according to the current orthodoxy in rhynchosaur 

classification: the maxilla, the dentary and the tarsus. The specimens described by 
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Buffetaut [16] are now housed at the Mu&e des Dinosaures, Esperaza, France 

(MDE), and the specimens collected in the 1996 expedition belong to the Antana- 

narivo University, Antananarivo, Madagascar, being referred to here by their field 

numbers, preceded by the acronym MAL- 1996. 

Maxillae 

Buffetaut [ 161 defined an almost complete maxilla (MDE-R18) as the holotype of 

Zsalorhynchus genovefae, and also assigned the lateral portion of another one (MDE- 

R19) to that taxon. In 1996, a total of 12 additional maxillae and maxillary fragments 

were collected, allowing a much more accurate understanding of the morphology of 

this bone in Zsalorhynchus yigure 2, plate IA-E, table Z). 

Ita 
/ 

Figure 2. Maxillae of Isalorhynchus genovefae in ventral view. 

A. MDE-RIB (holotype), left maxilla. 
B. MAL- 1996 1, right maxilla. 

C. MAL-1996 2, right maxilla. 
lta. Lateral toothless area. 

Scale bar equals 20 mm. 

Figure 2. Maxillaires d’lsalorhynchus genovefae en vue ventrale. 
A. MDE-RI 8 (holotype), maxillaire gauche. 

B. MAL- 1996 1, maxillaire droit. 
C. MAL- 1996 2, maxillaire droit. 

Ita. Surface laterale edentee. 
La barre d’echelle represente 20 mm. 
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Table I. Measurements of the twelve best-preserved maxillae of Isalorhynchus genovefae. TW: maximum 
width on the maxilla (mm): LW: Width of the lateral area of the maxilla (mm); LT: Number of longi- 

tudinal tooth rows in the lateral area of the maxilla; MW: Width of the medial area of the maxilla 

(mm); MT: Number of longitudinal tooth rows in the medial area of the maxilla. Bones with only the 
anteriormost portion preserved indicated by asterisk, uncertain measurements given as ‘?“. 

Tableau I. Mesures des douze maxillaires les mieux pr&ervCs d’lsalorhynchus genowfae. TW : largeur 
maximale du maxillaire en mm ; LW : largeur de ia surface IatCrale du maxillaire en mm ; LT : 

nombre de rangCes longitudinales de dents sur la surface 1atCrale du maxillaire ; MW : largeur de la 

surface mtdiale du maxillaire en mm ; MT : nombre de rangtes longitudinales de dents sur la surface 
mCdiale du maxillaire. Les OS dont seule la partie la plus antCrieure est prCservCe sont indiquCs par un 

astkrisque, les mesures estimCes sent signal& par un CC ? >>. 

Specimen TW LW LT MW MT 

MDE-RI 8 14 8 
MDE-R 19 ? 8 
MAL-1996 1 24 14 

MAL- 1996 2 22,5 14 

MAL- 1996 3 21 13 

MAL- 1996 4 19 10 

MAL- 1996 5 17,5 ? 11 

MAL- 1996 6 16 9 

MAL-1996 7* 13 7 

MAL-1996 9* 17 9 

MAL-1996 10 14 8 

MAL- I996 14 18 ? 7 

6 
‘> 

10 

w 

8 

9 

? 6,5 

6 

8 

6 

?I1 

2 

?2 

Based on these specimens, it is possible to confirm that the holotype of 

Isalorhynchus (MDE-RI 8) belongs to a subadult individual, as already suggested by 

Buffetaut [16]. Two of the maxillae collected in 1996 (MAL-1996 1 and MAL-1996 2) 

are approximately 70 % wider than the holotype, and show signs of more advanced 

tooth wear. These specimens are, in fact, not as big as some described rhynchosaur 

maxillae [21, 621, but can be referred to an average adult sized rhynchosaur when 

compared to maxillae from the Late Triassic of Santa Maria and Ischigualasto For- 

mations of South America (M.L., personal observation). 

In Zsalorhynchus, as in all other Mid-Late Triassic rhynchosaurs, the maxilla con- 

sists of a blunt body, the ventral surface of which bears teeth, and a thin anterolateral 

ascending process. The ascending process is not entirely preserved in any of the 

maxillae collected in the Malio River, but its presence can be attested by its basal 

portion, preserved in the dorsolateral part of the anterior side of some of these bones. 

The heavily-built ventral portion of the maxilla is triangular in ventral view, tapering 

anteriorly. The tooth-bearing area is convex ventrally, with the medial margin convex 

and the lateral concave. The ventral surface is divided into lateral and medial areas 

by a longitudinal groove. The groove extends along the entire length of the bone, and 

received the dentary blade during occlusion. In all but one of the studied maxilla 

(table I), the lateral area is wider than the medial. 
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The maxillae of Zdorhynchus bear teeth both laterally and medially to the longi- 

tudinal groove. As in other Mid-Late Triassic rhynchosaurs, there are two different 

types of teeth: a pyramidal type and a conical type [9]. The lateral area of the maxilla 

bears several teeth, which are organised in one or two longitudinal rows (cf. [21], 

fig. 12a). In the specimens with two rows, the lateral one is reduced, composed of 

fewer than three teeth that are restricted to the posterior portion of the bone. The 

medial longitudinal row, on the other hand, is much more developed. It includes 

about 15 teeth in the larger specimens, and extends along the entire length of the 

maxilla. All teeth of the medial row are of the pyramidal type, and this also seems to 

be true for the ones of the reduced lateral row. 

A row of pyramidal teeth laterally adjacent to the maxillary groove is a well 

known feature of Late Triassic rhynchosaurs, having been recognised in specimens 

from different geographic areas [3, 8, 21, 621. The extreme lateral part of the maxilla 

of Zsdorhynchus is, however, distinctive. It presents a narrow edentulous platform 

(figure 2, plate IA-E), while other Late Triassic rhynchosaurs show this part of the 

bone covered with conical teeth. 

The medial maxillary area also bears one or two longitudinal rows of teeth Spec- 

imens with one row are, however, incomplete, and Zsalorhynchus probably possessed 

a count of two tooth rows in that maxillary area. This number is unusually small, 

when compared to other Mid-Late Triassic rhynchosaurs [4, 8, 10, 21, 451. The 

medialmost row is composed of typical conical teeth, but the shape of the teeth of the 

lateralmost row is uncertain. In smaller specimens (including the holotype, MDE- 

R18) those teeth are pyramidal, though much smaller than the pyramidal teeth of the 

lateral area of the maxilla. In larger specimens, however, a clear pyramidal morphol- 

ogy is not found, possibly due to wear. 

Dentary 

All four known dentaries of Zsdorhynchus are incomplete, and only MAL- 1996 8 

is well-preserved enough to be described (plate IF). As in all Late Triassic rhyn- 

chosaurs, the dorsal surface of this bone bears a well developed longitudinal cutting 

blade composed of a single row of small packed teeth [4, 81. This blade is placed on 

the lateral border of the dentary, and is more developed posteriorly. 

The lingual surface of the dentary presents a prominent longitudinal ridge as in 

other Late Triassic rhynchosaurs [9,45]. This ridge bears a longitudinal row of teeth, 

five of which are preserved in MAL-1996 8. These lingual teeth are conical, larger 

than the teeth of the blade, and more spaced out. The whole dorsal portion of the 

dentary occluded with the maxillary groove, as indicated by the extensive signs of 

wear in the teeth of both the blade and lingual surface of the dentary. 
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“boss” 

Figure 3. Left astragalus of Isalorhynchus genowfae MDE-R20. 

A. Anterior view. 
B. Posterior view. 

C. Proximal view 
act. Astragalocalcaneal canal. 

caf. Calcaneal articular facet. 
cef. Centrale articular facet. 

fif. Fib&r articular facet. 
tif. Tibia1 articular facet. 

See Hughes [40] for discussion on the “peg” and “boss”. 

Scale bar equals 10 mm. 

Figure 3. Astragale gauche d’I.salorhynchus genovefae MDE-R20. 
A. En we anterieure. 

B. En we posterieure. 
C. En we proximale. 

act. Canal astragalocalcaneen. 

caf. Facette articulaire pour le calcaneum. 
cef. Facette articulaire pour le central. 

tlf. Facette articulaire pour la fibula. 
tif. Facette articulaire pour le tibia. 
Voir Hughes [40] pour une discussion du peg et boss. 

La barre d’echelle represente 10 mm. 
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Astragalus 

An isolated left astragalus (MDE-R20) was comprehensively described by Buffe- 

taut ([16]; p. 471 - intermediaire), and is so far the best preserved tarsal element 

known for Zsalorhynchus @gure 3). It presents the typical morphology of a Mid-Late 

Triassic rhynchosaur astragalus [21,40], with an anterior surface that is concave dor- 

sally, a posterior boss, and clear articular facets for the tibia, Iibula, calcaneum and 

centrale. The tarsus includes, therefore, three proximal elements, and the centrale 

must have been as big as the same element of other Late Triassic forms, since its 

articular facet is the largest on the astragalus. The tibia1 and fibular facets are smaller, 

and separated from each other by a marked thin ridge yigure 3~). The articular facet 

for the calcaneum faces latero-distally and is U-shaped. The posterior excavation in 

this articular facet, that borders the astragalar ‘peg’ distally cfisure 36), is homolo- 

gous to the astragalocalcaneal canal of Prolacerta and Proterosuchus [30], but it is 

probably not perforated as in those basal archosauromorphs. 

CLADISTIC STUDY 

Buffetaut [ 161 accepted Zsalorhynchus as somehow intermediate between Middle 

Triassic rhynchosaurs such as Rhynchosaurus and Late Triassic forms such as 

Hyperodapedon. More recent studies usually include Zsabrhynchus within the highly 

derived Late Triassic Hyperodapedontinae sensu Benton, 1983 [lo, 411, but some 

suggest possible links to Middle Triassic forms [29,66]. 

The only clear consensus, present in all previous phylogenetic accounts about the 

taxon, is that Zsalorhynchus is more derived than Mesosuchus and Howesia, the Early 

Triassic rhynchosaurs of the Karroo Supergroup of South Africa. Some morphologi- 

cal features of Zsalorhynchus support this affinity, such as the absence of premaxil- 

lary teeth and the large size of the centrale (based on its articular facet on the astra- 

galus). The key feature is, however, the jaw apparatus composed of maxillary 

grooves that occlude against dentary blades, structures only known in Mid-Late Tri- 

assic rhynchosaurs. 

In order to define the phylogenetic position of Zsalorhynchus, a series of both new 

and previously defined morphological transformation series are used, and the distri- 

bution of the characters among the better known Mid-Late Triassic rhynchosaurs is 

discussed. The transformation series were scored according to the adult morphology 

of these rhynchosaurs, in order to avoid the consideration of ontogenetic related mor- 

phological variations, which seem to be present at least in the jaw apparatus. More- 

over, only transformation series which could be defined for Zsalorhynchus were 

included in the analysis. Therefore, it is clear that this study is designed to define the 
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position of Isalorhynchus within Rhynchosauria, and not to depict the whole evolu- 

tion of this group during the Mid-Late Triassic. 

Firstly, however, a homology hypothesis regarding the tooth arrangement of the 

Mid-Late Triassic rhynchosaurs must be defined, which will be applied in the trans- 

formation series discussed here. All rhynchosaurs with a single maxillary ventral 

groove also bear a single dentary blade that obviously slotted into that groove. The 

Brazilian rhynchosaur Hyperodapedon huenei, however, possesses a single dentary 

blade and two maxillary grooves [45]. In this form, the single dentary blade occludes 

with the lateral maxillary groove, which is also much larger than the medial. There- 

fore, it is suggested that the maxillary groove of the single-grooved rhynchosaurs is 

homologous to the lateral groove of the forms with two-grooved maxillae (which is 

termed the “main” or “cutting” groove). Along with this definition follow the 

homologies of all tooth-bearing areas lateral and medial to the maxillary grooves. 

Transformation series used in the analysis 

1. Maxillary area lateral to the main groove. 0 - crest-shaped, just wide enough 

to bear one or two longitudinal tooth rows; 1 - cushion-shaped, with a ventral sur- 

face enlarged enough to bear several longitudinal tooth rows (figure 4). In the Mid- 

dle Triassic rhynchosaurs, including Rhynchosaurus and Stenaulorhynchus, the max- 

illary area lateral to the main groove is crest-shaped, a morphology also seen in 

“Scaphonyx” sulcognathus [2, 9, lo]. This part of the maxilla is much narrower than 

that medial to the main groove, and usually bears only one or two longitudinal rows 

of teeth. All other rhynchosaurs analysed herein present a much enlarged lateral area 

of the maxilla, which forms a cushion-shaped ventral surface. In the majority of the 

Late Triassic rhynchosaurs, this area bears at least three longitudinal tooth rows in 

juvenile and small specimens [8, 21, 391 and up to six in large adults [21, 45, 591. 

Zsalorhynchus also shows an enlarged cushion-shaped lateral maxillary area, which 

is almost as wide as the medial one, although fewer than three tooth rows are present 

(see transformation series 2). 

2. Number of longitudinal tooth rows in the maxillary area lateral to the main 

groove. 0 - one or two; I - more than two (figure 4). As discussed above, Rhyn- 

chosaurus and Stenaulorhynchus, show only one or two longitudinal rows of teeth 

lying lateral to the main maxillary groove [9, lo]. “Scaphonyx” sulcognathus seems 

to present an increase in the number of those teeth, but most of the specimens do not 

possess more than two longitudinal tooth rows in the lateral maxillary area. The 

majority of Late Triassic rhynchosaurs, on the other hand, present at least three lon- 

gitudinal tooth rows in the lateral area of the maxilla, implanted in the cushion- 

shaped tooth-bearing area [8, 21, 39, 621. The medialmost of these rows is usually 

composed of pyramidal teeth, while the others are conical [3, 8, 21, 45, 621. 
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A 

Figure 4. Schematic representation of maxillae of Mid-Late Triassic rhynchosaur, ventral view. 

A. Rhynchosaurus brodiei, modified from Benton [ 101. 
B. Stennulorhynchus stockleyi, modified from Benton [9]. 

C. “Scuphonyx” sulcognathus, modified from Azevedo [2]. 

D. Hyperodapedon huenei, modified from Langer and Schultz [45]. 
E. H. gordoni, modified from Benton [8]. 

F. Isalorhynchus genovefae. 

G. H. huxleyi, modified from Chatterjee [21]. 
H. H. sanjuanensis. 
Scale bar approximately 15 mm. 

Figure 4. SchCma de maxillaires de rhynchosaures du Trias moyen B supkrieur en vue ventrale. 

A. Rhynchosaurus brodiei, modifik d’apr&s Benton [lo]. 

B. Stenaulorhynchus stockleyi, modifit d’aprks Benton [9]. 
C. M Szaphonyx x ulcognathus, modi% d’aprhs Azevedo [2]. 

D. Hyperodapedon huenei, modi d’aprks Langer et Schultz [45]. 
E. H. gordoni, modit% d’aprks Benton [8]. 

F. Isalorhynchus genovefae. 
G. H. huxleyi, modifik d’aprks Chatterjee [21]. 

H. H. sanjuanensis. 

La barre d’kchelle reprkente approximativement 15 mm. 

Although Zsalorhynchus possesses a wide cushion-shaped lateral maxillary area, 

none of the studied maxillary fragments (table I) bears more than two lateral rows of 

pyramidal teeth. 

3. Number of longitudinal tooth rows in the maxillary area medial to the main 

groove. 0 - more than two; I - one or two (figure 4). Adult rhynchosaurs with two 

maxillary grooves, including Rhynchosaurus, Stenaulorhynchus, “Scaphonyx” 

- lll- 



12 MAX LANCER ET AL. 

sulcognathus, and Hyperodapedon huenei [4, 9, 10, 451, usually possess at least four 

longitudinal tooth rows in the medial maxillary area: one on the central crest, and 

more than two on the medial one. Among the rhynchosaurs with a single-grooved 

maxilla, including Hyperodapedon gordoni, H. huxleyi and H. sanjuanensis, the 

medial area tends to be narrower [8, 21, 621. Nevertheless, adult forms of these rhyn- 

chosaurs present at least 2-3, but usually many more, longitudinal tooth rows in that 
area. In Isalorhynchus the larger specimens present a maximum of two longitudinal 

rows in the medial area of the maxilla, and this seems to be a unique feature of this 

taxon. 

4. Medial maxillary groove [22]. 0 - present; 1 - absent (figure 4). Rhyn- 
chosaurus and Stenaulorhynchus, possess two grooves on the ventral surface of the 

maxilla 19, 10, 381, as do two Late Triassic forms, “Scaphonyx” sulcognathus and 
Hyperodapedon huenei [4, 451. Most Late Triassic rhynchosaurs, however, have just 

one maxillary ventral groove, including Hyperodapedon gordoni, H. huxleyi, and 

H. sanjuanensis [8, 21, 39, 621. This is also the case in Isalorhynchus, in which none 

of the known maxillae shows traces of a second medial groove. 

5. Maxillary lingual teeth [20/. 0 - present; 1 - absent. Maxillary lingual teeth 

are well known in all Middle Triassic rhynchosaurs, including Rhynchosaurus and 

Stenaulorhynchus [9, 101. Among Late Triassic forms, the character is not easy to 

determine. “Scaphonyx” sulcognathus and Hyperodapedon huenei clearly bear max- 

illary lingual teeth 14,451. H. huxfeyi and H. sanjuanensis, on the other hand, present 

a medial border of the maxilla that finishes abruptly, and no lingual teeth are present 

[21, 39, 621. The medial border of the maxilla of H. gordoni, on the contrary, does 
not finish abruptly, since the occlusal and lingual surfaces are not well defined, and 

some teeth are placed in a somehow dubious position ([8]; fig. 15). This condition, 

however, will be treated here as absence of ‘true’ maxillary lingual teeth. Isa- 
lorhynchus genovefae clearly lacks lingual teeth on the maxilla. 

6. Relative width of the maxillary areas medial and lateral to the main groove 

(221. 0 - medial area of the same width or wider or than the lateral; I - lateral area 
wider (figure 4). In Rhynchosaurus and Stenaulorhynchus the maxillary area lateral 

to the main groove is very narrow, being at least two times narrower than the medial 

area [9, 10, 381. “Scaphonyx” sulcognathus is the only Late Triassic form that also 

presents this feature [4]. A variable condition is seen in Late Triassic rhynchosaurs 
with a broad and cushion-shaped lateral area of the maxilla. In these forms, the lat- 

eral tooth-bearing area can be slightly narrower (H. huenei [4.5]), about the same 

width (Hyperodapedon gordoni [8, 9]), or much wider (Hyperodapedon huxleyi and 

H. sanjuanensis [21, 39, 621) than the medial one. The condition in Isalorhynchus is 

not particularly easy to determine, but out of eleven maxillary fragments (table I), ten 

present a wider lateral area. 

7. Relative number of longitudinal tooth rows on the maxillary areas medial and 

lateral to the main groove. 0 - more medial rows; I - more lateral rows (figure 4). 
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All rhynchosaurs with two ventral grooves on the maxilla [4,9, 10,451 present more 

longitudinal tooth rows on the medial than on the lateral side of the lateral cutting 

groove. Among the single-grooved forms, Hyperodapedon gordoni also possesses 

more medial rows [8], while H. huxleyi and H. sanjuanensis present more lateral 

ones [21, 621. Among the studied maxillae of Isalorhynchus (table I>, the great 

majority possesses more medial rows, and none more lateral rows. 

8. Number of dentary cutting blades [20]. 0 - two; I - one. Double-bladed den- 

taries are known in Middle and Late Triassic rhynchosaurs, including Ste- 

naulorhynchus, Rhynchosaurus and “Scaphonyx” sulcognathus [4, 9, 10, 381. Rhyn- 

chosaurs with single-bladed dentaries, are restricted to the Late Triassic, and include 

Hyperodapedon gordoni, H. huxleyi, H. huenei, and H. sanjuanensis [8,9,2 1,39,45, 

621. Zsalorhynchus clearly presents only one dentary blade. 

9. Teeth on the lingual su$ace of the dentary [20]. 0 - present; 1 - absent. The 

total absence of teeth on the lingual surface of the dentary is a feature only present in 

H. sanjuanensis, among the taxons studied here [39, 621. All other Mid-Late Triassic 

rhynchosaurs possess some kind of teeth on the lingual surface of the dentary, even 

though the number and morphology of such teeth varies considerably [9, 10, 211. 

This is also the case of Isalorhynchus. 

This transformation series, which represents an autapomophy of Hyperodapedon 

sanjuanensis, is clearly uninformative in the context of this cladistic analysis. It was, 

however long used as an important feature to distinguish amongst the Late Triassic 

rhynchosaurs, and is presented here for the better understanding of its phylogenetic 

meaning. 

10. Primary lingual teeth on the dentary [45]. 0 -present; I - absent. Among the 

Mid-Late Triassic rhynchosaurs, two different kinds of teeth enter the lingual surface 

of the dentary. Primary lingual teeth [45] are known in Stenaulorhynchus, Rhyn- 

chosaurus, and “Scaphonyx” sulcognathus [4, 9, 10, 381, and lie medially to the 

medial dentary blade. Rhynchosaurs with a single dentary blade (Hyperodapedon 

huenei, H. gordoni, H. huxleyi, and H. sanjuanensis), on the other hand, only present 

one lingual tooth row that lies on an antero-posteriorly elongated ridge [9,45]. These 

teeth are here accepted as homologous to those lying on the medial dentary blade of 

the two-bladed rhynchosaurs, and the lingual teeth of these forms (primary lingual 

teeth) are believed to be absent in the single-bladed members of the group. This is 

the case in Isalorhynchus. 

II. Relative size of astragalar articular facets for the tibia and centrale. 0 - Tib- 

ial facet larger; I - Centrale facet larger (figure 5). The astragalus of the Middle Tri- 
assic rhynchosaurs, including Rhynchosaurus and Stenaulorhynchus, bears a tibia1 

articulation facet that is far longer than the facet for the centrale [lo, 39, 401. All 

known Late Triassic forms, however, show a centrale/astragalus articular facet that is 

longer than the tibia/astragalus facet. This feature is present in “Scaphonyx” sulcog- 
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Figure 5. Astragala of Mid-Late Triassic rhynchosaurs, anterior view. 

A. Right astragalus of Stenaulorhynchus sfockleyi. 
B. Right astragalus of “Scaphonyx” sulcognathus. 

C. Left astragalus (reversed) of Isalorhynchus genowfue. 
D. Left astragalus (reversed) of Hyperodupedon sanjuanensis, modified from Hughes [40]. 
Scale bar approximately 10 mm. 

Figure 5. Astragales de rhynchosaures du Trias moyen a superieur en we anterieure. 

A. Astragale droit de Stenaulorhynchus stockleyi. 
B. Astragale droit de x Scaphonyx N sulcognathus. 
C. Astragale gauche (inverse) d’lsalorhynchus genovefae. 

D. Astragale gauche (inverse) d’Hyperodapedon sanjuanensis, moditite d’apres Hughes [40] 
La barre d’echelle represente approximativement 10 mm. 

nathus, Hyperodapedon gordoni, H. huxleyi and H. sanjuanensis, and is also clearly 

seen in Isalorhynchus. 

Parsimony analysis and results 

To assess the phylogenetic relationship among Isalorhynchus and the other Mid- 

Late Triassic rhynchosaurs, a parsimony analysis was carried out with the eleven 
transformation series described above scored for eight taxons - Rhynchosaurus 

([lo]; based on R. articeps and R. brodiei), Stenaulorhynchus [9, 381, “Scaphonyx” 

sulcognathus [2, 41, Hyperodapedon huenei [45], H. gordoni [8, 91, H. huxleyi [21], 

H. sanjuanensis [39, 621, and Isalorhynchus genovefae (table II). Another Late Tri- 

assic species of Hyperodapedon, H. mariensis [45], was not included in the analysis 

since it is identical to H. huxleyi in the transformation series here considered. 

The analysis was performed using PAUP version 3.1.1 [63] on a Macintosh 

PowerBook G3 computer. The tree was not rooted, and the branch-and-bound option 

was used to search for the most parsimonious tree (MPT). A single MPT with 12 
steps (C.I., excluding uninformative transformation series: 0.900; R.I.: 0.947) was 

found (figure 6). 

DISCUSSION 

Phylogenetic position and classification of lsalorhynchus 

The parsimony analysis presented here was based only on transformation series 
that could be defined for Isalorhynchus. This analysis, however, is not enough to 
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Table II. Transformation matrix used in the parsimony analysis. Unknown characters are given as “‘7”. See 

main text for the definition of the transformation series. 

Tableau II. Matrice de caracteres utilisee pour l’analyse de parcimonie. Les caracteres non determinables 
sont signal& par un << ? n. Voir le texte principal pour la definition des series de transformations. 

Characters 

Taxons 5 10 

Rhynchosaurus 00000000000 

Stenaulorhynchus 00000000000 

Isalorhynchus genovefae 1 0 1 1 1 1 0 1 0 1 1 

“Scaphonyx” sulcognathus 00000000001 

Hyperodapedon huenei 1 1 0 0 0 0 0 1 0 1 ? 

Hyperodapedon gordoni 1 1 0 1 1 0 0 1 0 1 1 

Hyperodapedon huxleyi 110 111 110 11 

Hyperodapedon sanjuanensis 1 1 0 I 1 1 1 1 I 1 1 

huxleyi 

sanjuanensis 

Figure 6. Most Parsimonious Tree resulting from the unrooted cladistic analysis of the data set of table II 

(12 steps, C.I., excluding uninformative transformation series: 0.900, R.I.: 0.947). Homoplasies indi- 

cated by an asterisk. 

Figure 6. Arbre non enracine le plus parcimonieux resultant de l’analyse cladistique de la matrice de don- 

n&es du tableau II (12 pas, indice de coherence excluant les series de transformations non informa- 
tives : 0,900, indice de retention : 0,947). Les homoplasies sont indiquees par un asterisque. 

determine the phylogenetic position of this taxon, and a complete score of taxons and 

transformation series must be taken into account. Such comprehensive studies have 

been carried out recently by Dilkes [29], on the phylogenetic interrelationships 

among Middle and Late Triassic rhynchosaurs, and Langer and Schultz [45] on the 

interrelationships amongst Late Triassic members of the group. The latter will be 

used here as a framework to define the phylogenetic position of Zsalorhynchus. 

The only incongruity between the topology presented here (figure 6) and the one 

of Langer and Schultz [45] is the relative position of Hyperodupedon huxkyi. This 

taxon is placed here as the sister taxon of H. sanjuanensis, but it was accepted as the 

sister taxon of H. gordoni by those authors. This difference is not unexpected, since 
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the features that unambiguously link H. huxleyi to H. gordoni in Langer and 

Schultz’s [45] study are represented in the postcranial skeleton. These postcranial 

characteristics are unknown for Isalorhynchus, and were not included in the present 

cladistic analysis. 

There are five different and equally parsimonious ways to fit Isalorhynchus into 

the topology presented by Langer and Schultz [45], taking into account the I1 trans- 

formation series analysed here figure 7). Isalorhynchus can be placed either as the 

sister taxon of each of Hyperodapedon gordoni, H. huxleyi or H. sanjuanensis, the 

sister taxon of a clade including these three forms, or even as the sister taxon of the 

clade composed of H. gordoni and H. huxleyi. All those five possible arrangements 

imply two extra homoplasies, leading to an increase of two steps compared to the 

most parsimonious topology here presented (figure 6). A reversal to the plesiomor- 

phic character of the transformation series 6 (medial tooth-bearing area of the max- 

illa of the same width or wider than the lateral) must be postulated for H. gordoni, 

while a convergent acquisition of the apomorphic character of transformation series 7 

(more lateral than medial longitudinal tooth rows on the maxilla) took place in 

H. huxleyi and H. sanjuanensis (figure 7). 

Figure 7. Cladogram presented by Langer and Schultz 1451 depicting the phylogenetic interrelationships 

among Mid-Late Triassic rhynchosaurs. Thicker grey lines indicate the possible phylogenetic position 

of kzlorhynchus genovefae , based on the transformation series as defined in this study. The transfor- 
mation series are plotted with their respective numbers, “r” indicates reversals and “c” convergences. 

The stem-based Hvperodapedon [45] is indicated by an arrow. This composition of data accepts the 
characters present in Sfenaulorhynchus and Rhynchosaurus (table If) as plesiomorphic, with transfor- 

mation series optimised by Dehran. 

Figure 7. Cladogramme publie par Langer et Schultz 1451 montrant les relations phylogenetiques an sein 

des rhynchosaures du Trias moyen a superieur. Les lignes grises tpaissies indiquent les differentes 

positions possibles pour Isalorhynchus genovejhe, bastes sur les series de transformations definies 
dam cette etude. << r x indique une reversion et N c x une convergence. Le groupe souche H~~perodape- 

don [45] est indiqut par une fleche. L’arrangement des donnees accepte les caracteres presents chez 
Stenaulorhynchus et Rhynchosuurus (tahlem II) comme Ctant plesiomorphiques, avec des series de 
transformations optimisees par Deltran. 
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Regardless of its exact phylogenetic position, Isalorhynchus is more derived than 

H. huenei, and is thus nested within the genus Hyperodapedon, a stem-based taxon 

as defined by Langer and Schultz [45]. This situation characterizes Zsalorhynchus as 

a junior subjective synonym of Hyperodapedon and demands the proposal of a new 

nominal combination - Hyperodapedon genovefae - to designate the Malio River 

rhynchosaur. 

RHYNCHOSAURIA Osborn, 1903 

HYPERODAPEDONTIDAE Lydekker, 1885 

Hyperodupedon Huxley, 1859 

Type species: Hyperodapedon gordoni Huxley, 1859 

Junior generic subjective synonyms: 

Stenometopon Boulenger ([ 151 p. 178) 
Mucrocephalosuurus Tupi-Caldas ([64] p. 339) non Gilmore [33] 
Purudupedon Huene ([38] p. 111) 
Suprudupedon Chatterjee ([22] p. 58) 
Zsulorhynchus Buffetaut ([ 161 p. 467) 

Described rhynchosaurs attributable to Hyperodapedon: 

Hyperodupedon gordoni ([43] pp. 138-146) - partim 
Hyperodupedon huxleyi sp. nov. ([47] pp. 177-178) 
Hyperodupedon Huxley ([48] 3-20, pls. I-II, 111.1-5) 
Hyperodupedon gordoni ((441, pp. 675-692, figs 1,4,7, 8, pl. XXVI) 
Hyperodupedon Huxley ([49] pp. 297-299, figs. 67-69) 
Hyperodupedon gordoni ([17] pp. 486482,34, figs. l-2) 
Hyperodupedon gordoni Huxley ([15] pp. 175-178, fig. 1, pl. 11) 
Stenometopon tuylori gen. et sp. nov. ([15] pp. 178-182, figs. 2-3, pls. 12-13) 
Scuphonyx uustrulis Huene ([37] pp. 5-15, figs. 5-7, pl. L-3) - Scuphonyx uustrulis Huene, 

1926, is nomen dubium 
Mucrocephulosuurus muriensis gen. et sp. nov. ([64] pp. 334-339, figs. 244-246) 
Cephulonia Zotziunu Huene ([39] pp. 259-294, figs. 52-56, pk. 31-33) - some specimens are 

of uncertain affinity, Cephuloniu lotziunu Huene, 1926, is nomen dubium 
Scuphonyxfischeri Woodward ([39] pp. 294-312, figs. 57-64, pls. 34-38) - some specimens 

are of uncertain affinity, Scuphonyx$scheri Woodward, 1907, is nomen dubium 
Scuphonyx stockleyi sp. nov. ([14] pp. 1-3, fig. 1) 
Rhynchosauridae - “Nova Scotia rhynchosaur” - ([5] p. 107) 
Scuphonyx Woodward, 1907 ([62] pp. 343-350, pls. 24) 
Purudupedon huxleyi (Lydekker) ([21] pp. 213-250, figs. 2-28) 
Rhynchosauridae gen. et sp. nov. ([23] pp. 290-292, fig. 1) 
Hyperodupedon gordoni Huxley, 1859 ([8] pp. 613-686, figs. 140) 
Hyperodupedon ([9] pp. 743-752; figs. 16, pls. 66-67) 
Scuphonyx sunjuunensis ([3] pp. 70-73, fig. 3) 
Scuphonyxfischeri Woodward, 1907([1 l] pp. 339-345, figs. 1-9, 12) 
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Hyperodapedon sp. ([60], p. 47) 
Hyperodapedon sp. ([55] pp. 7-9, figs. 3-5) 
Hyperodapedon Huxley, 1859 ([24] p. 534) 
Hyperodapedon huenei sp. nov. [45] 

Revised diagnosis: Rhynchosaur with skull broader than long; ventral process 

of the squamosal plate-like; no parietal foramen; beak-shaped edentulous premaxil- 

lae; frontal ornamented with lateral grooves showing approximately the same depth 

in all its extension; no frontal-postorbital contact; no discrete supratemporal; occipi- 

tal condyle in the plane defined by the quadrate and squamosal; short basipterygoid 

process; basioccipital longer than the basisphenoid; parietal longer than the frontal; 

well-developed an&i oris crest; posterior parietal process directed laterally; orbits 

directed upwards; maxilla not bordering the inferior orbital foramen; depth of the 

mandible more than a quarter of its length; dentary longer than half the length of the 

mandible; one dentary blade; pterygoid toothless; area lateral to the main groove of 

maxilla cushion-shaped, with a ventral surface enlarged enough to bear several longi- 

tudinal tooth rows; no primary lingual teeth on the dentary; no posterior process of 

the coracoid; centrale larger that half of the astragalus; articular facet of tibia and 

astragalus smaller than of centrale and astragalus; first metatarsal wider than long; 

fourth distal tarsal subequal in size of the other distal tamale. 

Apomorphies: ventral process of the squamosal plate-like; frontal ornamented 

with lateral grooves showing approximately the same depth in all its extent; one den- 

tary blade; area lateral to the main groove of maxilla cushion-shaped; no primary lin- 

gual teeth on the dentary. 

Variable features: second jugal crest dorsal to the anguli oris present or not; one 

or two ventral grooves on maxilla; number of longitudinal rows in area lateral to the 

main groove of maxilla varying from one to more than five; variable relative width of 

medial and lateral tooth-bearing areas of maxilla; variable relative number of longi- 

tudinal tooth rows on the medial and lateral tooth-bearing areas of maxilla; maxillary 

lingual teeth present or not; secondary lingual teeth on the dentary present or not; 

anterior iliac blade shorter than, or the same length, as the posterior blade; humerus 

shorter than, or the same length, as the femur; coracoid foramen between the scapula 

and the coracoid, or excluded from the scapula. 

Comments: a revision of the diagnosis of Hyperodapedon is necessary to 

account for the new anatomical information provided by H. genovefue. In particular, 

a classic morphological definition of the genus, provided by Lydekker [49], is no 

longer valid in light of these findings. That author suggested that the presence of 

more than two longitudinal tooth rows in the lateral area of the maxilla would be dia- 

gnostic for Hyperodapedon, a definition alluded to by Langer and Schultz [45] in 
proposing a new diagnosis, as well as a phylogenetic definition, for the genus. In 

fact, Lydekker’s [49] diagnostic character (transformation series 2) is apomorphic for 

Hyperodupedon, but it is not present in all species of the genus, having been reversed 
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in H. genovefae (figure 6). Therefore, although the stem-based definition of Hyper- 

odapedon provided by Langer and Schultz [45] is still valid, it unfortunately includes 

a taxon (H. genovefae) that does not present a classic diagnostic feature of the genus. 

Distribution: Late Triassic (Carnian) of South America (southern Brazil [45, 601 

and northern Argentina [24]), Africa (Tanzania [ 141, Zimbabwe [55] and Madagas- 

car), Europe (northern Scotland [S]), North America (Nova Scotia [5]), and India 

Pll. 

Hyperodapedon genovefae (Buffetaut, 1983) 

synonyrny: 

Isalorhynchus genovefae gen. et sp. nov. ([ 161 pp. 467) 

Isalorhynchus ([lo] p. 298) 

Isalorhynchus genovefue ([41] p. 933) 
Isalorhynchus ([66] pp. 141-148) 

IsaZorhynchus ([29] p. 521) 

Holotype: MDE-R 18 - left maxilla [ 161. 

Locality and Horizon: Malio River area, south-western Madagascar. Stratum 

related to the Makay Formation, Late Triassic (Carnian) of the Morondava Basin 

1571. 

Diagnosis: Hyperodapedon with lateral maxillary area cushion-shaped, wider 

than the medial, and bearing fewer than three longitudinal tooth rows; single maxil- 

lary groove; more teeth in the medial than in the lateral maxillary area; fewer than 

three longitudinal tooth rows in the medial maxilla area (autapomorphy); edentulous 

platform in the lateral part of the maxilla (unique feature); no maxillary lingual teeth; 

one row of dentary lingual teeth. 

Comments: The age of the tetrapod-bearing strata of the Morondava Basin is 

controversial. Based mainly on the taxonomic affinities of “Zsalorhynchus”, estima- 

tions of Middle [ 161 and Late [41] Triassic age were given, and the present study 

supports the second alternative. The genus Hyperodapedon is traditionally found in 

Mid-Late Camian (Ischigualastian [ 13, 581) strata around the world, and no earlier 

record is known. Therefore, H. genovefae indicates a Late Triassic age for its type- 

stratum in the Malio River area. 

The new Triassic tetrapod assemblage of the Morondava Basin described by 

Flynn et al. [31, 321 was dated as Ladinian or Early Carnian. According to these 

authors [32], the presence of “Zsalorhynchus” in that fauna supports its pre- 

Ischigualastian age, because the phylogenetic position of that taxon was considered 

to be outside the clade encompassing Ischigualastian rhynchosaurs. Alternatively, if 

Zsalorhynchus is a synonym of Hyperodapedon, as claimed here, the rhynchosaur 

fauna would suggest an Ischigualastian rather than a pre-Ischigualastian age for that 

new assemblage. 
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Palaeogeographic reconstructions suggest that Madagascar was close to East 

Africa and Peninsular India during Late Triassic times [61]. The Hyperodupedon 

forms found in Late Triassic strata of these areas, however, are more similar to the 

European and South American species [8, 39, 621 than to H. genovefue. H. huxleyi, 

from the Maleri and Tiki Formations of Central India [21], and the Hyperodupedon 

from probable Upper Triassic beds in Tanzania [ 141 do not present the unusual 

derived features of H. genovefae (transformation series 2 and 3), but show, on the 
contrary, a conservative dental arrangement that is closer to the classical morphology 

of the genus. Such a situation suggests the existence of geographic barriers isolating 

the Malagasian rhynchosaur fauna from neighbouring continental areas in Late Trias- 

sic times. This supports the conclusion of Flynn et al. [31], who suggested that the 

whole terrestrial biota of the island showed endemic characteristics since the Early 

Mesozoic. 

Tooth evolution in the Mid-LateTriassic rhynchosaurs 

Most of the information included in the parsimony analysis performed here (all 

but transformation series 11) are related to the tooth arrangement of rhynchosaurs. It 
is tempting, therefore, to present some discussion on the dental evolution of this rep- 

tile group during the Mid-Late Triassic based on the resulting tree topology cfig- 

ure 6). For this purpose, Middle Triassic rhynchosaurs (Stenaulorhynchus and Rhyn- 

chosaurus) and “Scaphonyx” sulcognathus were used to “root” the MPT (figure S), 

though they share the more plesiomorphic tooth arrangement among the rhyn- 

chosaurs considered in this study [ 10,29,4.5]. 

The primitive tooth arrangement of Stenaulorhynchus, Rhynchosaurus and 

“Scaphonyx” sulcognathus [2, 9, IO] comprises two well-developed maxillary 

grooves, which divide the ventral surface of the bone into three tooth-bearing areas. 

The lateral and central areas usually do not bear more than two longitudinal rows of 

teeth (the central one only). The medial area, on the other hand, bears several trans- 

verse rows of lingual and occlusal teeth that enter the maxilla from its posterolateral 

margin. The dentaries of these rhynchosaurs have two blades that fit into the two 

maxillary grooves. The lateral blade bears a single longitudinal tooth row, and the 

medial blade bears several rows on its occlusal and lingual surface. 

The next step in rhynchosaur dental evolution (figure 8) is represented by Hyper- 

odapedon huenei. This form bears a unique combination of an apomorphic loss of 

the medial dentary blade with the retention of two maxillary grooves, though the 

medial groove is strongly reduced. Moreover, this taxon already presents other apo- 

morphic dental features, such as the loss of primary lingual teeth on the dentary (see 

discussion in Langer and Schultz [4.5]) and the increase in width and number of tooth 

rows on the maxilla lateral to the main groove. H. huenei also presents the two types 

of maxillary teeth - pyramidal and conical - which have not been demonstrated in 
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Middle Triassic rhynchosaurs 

Figure 8. Phylogenetic hypothesis ofjigure 6 rooted in Stenaulorhynchus and “Scaphonyx” sulcognathus, 

and depicting the tooth evolution of the Mid-Late Triassic rhynchosaurs. For each taxon a transverse 

section through the maxilla and dentary is given. Primary lingual teeth [45] in white, other teeth in 
black. 

Figure 8. Hypothese phylogenetique de lafigure 6 enracinee, avec Stenaulorhynchus et C< Scaphonyx D 
sulcognathus, montrant l’evolution de la denture des rhynchosaures du Trias moyen a superieur. Pour 

chaque taxon, une coupe transverse du maxillaire et du dentaire est donnee. Les dents linguales pri- 
maires [45] sont en blanc, les autres dents sont en noir. 

more primitive rhynchosaurs. The pyramidal teeth are seen in only two longitudinal 

rows, i.e. laterally and medially adjacent to the main maxillary groove, while the 

conical teeth enter the maxilla in transverse rows (cf. [21] fig. 12). This tooth 

arrangement suggests that the pyramidal teeth of Hyperodupedon are homologous to 

the teeth on the lateral and central maxillary ridges of the rhynchosaurs with two 

maxillary grooves. 

In all other species of Hyperodupedon (figure 8) the medial maxillary groove and 

the typical lingual maxillary teeth are lost. The pyramidal teeth, however, are still 

present, and arranged in longitudinal rows both medially and laterally ([3] fig. 1, 

[39], pl. 31.lb), but more often only laterally ([62] pl. 3e, [21] fig. 14, [8] fig. 15>, to 

the maxillary groove. Older individuals tends to loose these teeth ([21] fig. 13), 

which are more clearly seen in younger specimens ([39] pl. 31, fig. lb, [21] fig. 14). 

The rhynchosaurs that show the most derived dental features are Hyperodupedon 

genovefae, H. huxleyi and H. sanjuanensis (figure 8). These taxons share a reduction 

of the medial maxillary tooth-bearing area, which becomes narrower than the lateral 
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area. Afterwards, the number of tooth rows on the lateral area of the maxilla also 

increases, and outnumbers the ones on the medial area. This feature defines H. hux- 

leyi and H. sanjuanensis as more derived than H. genovefae. 

Some autapomorphic features were also defined in the analysis (figures 6, 8). 

Hyperodapedon sanjuanensis shows a complete loss of teeth on the lingual surface 

of the dentary, and H. genovefae presents a unique extra reduction of the number of 

tooth rows in the medial area of the maxilla. Moreover, H. genovefae retains the 

primitive count of fewer than three longitudinal tooth rows on the lateral area of the 

maxilla, which is interpreted as an autapomorphic reversal. 

As already discussed (transformation series 2), the development of conical teeth 

in the lateral maxillary area of Hyperodapedon genovefae is strongly reduced, with 

these teeth totally failing to appear. Similarly, the extreme reduction in the number of 

tooth rows on the medial area of that bone (transformation series 3) affects mostly 

the conical teeth, and the single lateral row of pyramidal remains present in most 

specimens. This simultaneous reduction, in the same taxon, of both medial and lat- 

eral maxillary conical teeth suggests that their development should be regulated by 

the same mechanism. 

Acknowledgements - G.C. and L.B. wish to especially thank Prof. Berthe Rakotosami- 
nana, Jean-Gilbert Rakotondratsimba, Armand Rasoamiaramanana, and Eugkne Razafimbelo 

from the University of Antananarivo for their help during their stay in Madagascar. G.C. and 

L.B.‘s trip to Madagascar was funded by the Singer-Polignac Foundation in Paris, to which we 

express particular thanks. Drs Axe1 Hungerbiihler and Michael Benton, Bristol, made useful 
critical comments on first drafts of the paper. 

REFERENCES 

[I] Anderson J.M., Cruickshank A.R.I., The biostratigraphy of the Permian and the Triassic. 
Part 5. A review of the classification and distribution of Permo-Triassic tetrapods, 
Palaeontol. afr. 21 (1978) 15-44. 

[2] Azevedo S.A.K., Scaphonyx sulcogna~hus (sp. nov.), urn novo rincossaurideo do 
neotriassico do Rio Grande do Sul, MSc, Universidade Federal do Rio Grande do Sul, 
Brazil, 1982, 86 p. 

[3] Azevedo S.A.K., Sobre a presenqa de Scuphonyx sanjuanensis Sill 1970 no Neotri&sico 
do Rio Grande do Sul, Brasil, Pesquisas 16 (1984) 69-75. 

[4] Azevedo S.A.K., Schultz C.L., Scuphonyx sulcngnathus sp. nov., urn novo rincos- 
saurideo neotriassico do Rio Grande do Sul, Brasil. Anais do X Congress0 Brasileiro de 

Paleontologia, Rio de Janeiro 1 (1987) 99-l 13. 

[5] Baird D., Rhynchosaurs in the Late Triassic of Nova Scotia, Geol. Sot. Amer. Spec. 
Paper 73 (1963) 107. 

- 122- 



LATE TRIASSIC RHYNCHOSAUR FROM MADAGASCAR 23 

[6] Battail B., Beltan L., Dutuit J.M., Africa and Madagascar during Permo-Triassic time: 
the evidence of the vertebrate faunas, in: Gondwana Six, Culumbus, Ohio (USA), Geo- 
phys. Monogr. 41 (1987) 147-155. 

[7] Benton M.J., Dinosaur success in the Late Triassic, a noncompetitive ecological model, 
Q. Rev. Biol. 58 (1983) 29-55. 

[8] Benton M.J., The Triassic reptile Hyperodapedon from Elgin, functional morphology 
and relationships, Phil. Trans. Roy. Sot. London B 302 (1983) 605-717. 

[9] Benton M.J., Tooth form, growth, and function in Triassic rhynchosaurs (Reptilia, Diap- 
sida), Palaeontology 27 (1984) 737-776. 

[lo] Benton M.J., The species of Rhynchosuurus, a rhynchosaur (Reptilia, Diapsida) from the 
Middle Triassic of England, Phil. Trans. Roy. Sot. London B 328 (1990) 213-306. 

[I l] Benton M.J., Kirkpatrick R., Heterochrony in a fossil reptile: juveniles of the rhyn- 
chosaur Scuphonyxfischeri from the Late Triassic of Brazil, Palaeontology 32 (1989) 
335-353. 

[ 121 Benton M.J., Walker A.D., Palaeoecology, taphonomy and dating of Permo-Triassic rep- 
tiles from Elgin, North-East Scotland, Palaeontology 28 (1985) 207-234. 

[ 131 Bonaparte J.F., Fauna1 replacement in the Triassic of South America, J. Vert. Paleontol. 2 
(1982) 362-371. 

[14] Boonstra D.D., A note on some rhynchosaurian remains from Tanganyika territory, Ann. 
S. Afr. Mus. 42 (1953) 14. 

[15] Boulenger G.A., On reptilian remains from the Triassic of Elgin, Phil. Trans. Roy. Sot. 
London B 196 (1903) 175-189. 

[ 161 Buffetaut E., Isalorhynchus genovefae, n. g. n. sp. (Reptilia, Rhynchocephalia), un nou- 
veau Rhynchosaure du Trias de Madagascar, N. Jb. Geol. Palaont., Monatsh. (1983) 
465-480. 

[17] Burckhardt R., On Hyperodupedon gordoni, Geol. Mag. 4 (7) (1900) 486-535. 

[18] Carroll R.L., Permo-Triassic ‘lizards’ from the Karroo System. Part II: A gliding reptile 
from the Upper Permian of Madagascar, Palaeont. afr. 2 1 (1978) 143-l 59. 

[ 191 Carroll R.L., Plesiosaur ancestors from the Upper Permian of Madagascar, Phil. Trans. 
Roy. Sot. London B 293 (1981) 315-383. 

[20] Chatterjee S., Rhynchosaurs in time and space, Proc. Geol. Sot. London 1658 (1969) 
203-208. 

[21] Chatterjee S., A rhynchosaur from the Upper Triassic Maleri formation of India, Phil. 
Trans. Roy. Sot. London B 267 (1974) 209-261. 

[22] Chatterjee S., The evolution of rhynchosaurs, MCm. Sot. gCo1. France N.S. 139 (1980) 
57-65. 

[23] Contreras V.H., Dados preliminares sobre un nuevo rincossaurio (Reptilia, Rhyn- 
chosauria) de1 Triassic0 superior de Argentina, An. II Congress0 Latino-Americano Pale- 
ontologia, Port0 Alegre 1 (1981) 289-294. 

[24] Contreras V.H., Presencia de1 rincossaurio Hyperodupedon Huxley, 1859 en la Forma- 
cion Ischigualasto (Triasico Superior, Carniano), Ischigualasto, San Juan, Argentina, 
Ameghiniana 34 (1997) 534. 

- 123- 



24 MAX LANCER ET AL. 

[25] Cooper M.R., A Mid-Permian to earliest Jurassic tetrapod biostratigraphy and its signifi- 
cance, Amoldia Zimbabwe 9 (1981) 77-104. 

[26] Currie P.J., A new younginid (Reptilia: Eosuchia) from the Upper Permian of Madagas- 
car, Can. J. Earth Sci. I7 (1980) 50&5 I 1. 

1271 Currie P.J., Hovasaurus boulei, an aquatic eosuchian from the Upper Permian of Mada- 
gascar, Palaeont. afr. 24 (I 98 I ) 99-l 69. 

[28] Dutuit J.M., Description de quelques fragments osseux provenant de la region de 
Folakara (Trias supCrieur malgache), Bull. Mus. Nation. Hist. Natur. Ser. 3 516 (1978) 

79-89. 

[29] Dilkes D.W., The Early Triassic rhynchosaur Mesosuchus browni and the interrelation- 
ships of basal archosauromorph reptiles, Phil. Trans. Roy. Sot. London B 353 (1998) 
501-541. 

[30] Gower D.J., The tarsus of erythrosuchid archosaurs, and implications for early diapsid 

phylogeny, Zool. J. Linn. Sot. 116 (1996) 347-375. 

[3l] Flynn J., Parrish M.J., Wyss A., Simpson W., New Triassic and Jurassic vertebrates from 
Madagascar, J. Vert. Paleontol. I8 (1998) 42A. 

[32] Flynn J., Parrish M.J., Rakotosamimanana B., Simpson W., Whatley R., Wyss A., A Tri- 

assic fauna from Madagascar, including early dinosaurs, Science 286 (I 999) 763-765. 

[33] Gilmore C.W., Fossil Lizards of Mongolia, Bul. Am. Mus. Nat. Hist. 81 (1943) 361-384. 

[34] Guth C., Au sujet de restes de reptiles de Madagascar, C. R. Acad. Sci. Paris 256 (1963) 
266 1-2663. 

[35] Hewison R.H., The skull of Deltacephalus whitei, a lydekkerinid temnospondyl amphib- 
ian from the Lower Triassic of Madagascar, Palaeontology 38 (I 996) 305-322. 

[36] Huene F. von, Gondwana-Reptilien in Siidamerika, Palaeont. Hungarica II (1) (1926) 
I-102. 

[37] Huene F. von, fiber Rhynchosaurier und andere Reptilien aus den Gondwana-Ablagerun- 
gen Siidamerikas, Geol. Palaeont. Ab. 17 (1929) I-61. 

[38] Huene F. von, Stenaulorhynchuu, ein Rhynchosauridae der ostafrikanischen Obertrias, 
Nova Acta Leopoldina (1938) 83-l 21. 

[39] Huene F. von, Die fossilen Reptilien des siidamerikanischen Gondwanalandes, Miinchen, 
C.H. Beck, 1942,342 p. 

[40] Hughes B., The tarsus of the rhynchocephalian reptiles, J. Zool. 156 (1968) 45748 I. 

[4l] Hunt A.P., Lucas S.G., A new rhynchosaur from the Upper Triassic of West Texas, and 

the biochronology of the Late Triassic rhynchosaurs, Palaeontology 34 (1991) 927-938. 

[42] Huxley T.H., postscript to: Murchison RI., On the sandstones of Morayshire (Elgin & c.) 
containing reptile remains; and their relations to the Old Red Sandstone of that country, 
Q.J. Geol. Sot. London I5 (1859) 138-152. 

[43] Huxley T.H., On Hyperodapedon, Q. J. Geol. Sot. London 25 (1869) 138-l 52. 

[44] Huxley T.H., Further observations upon Hyperodupedon gordoni, Q. J. Geol. Sot. Lon- 

don 25 (I 887) 675-694. 

- 124- 



LATE TRIASSIC RHYNCHOSAUR FROM MADAGASCAR 2.5 

[45] Langer M.C., Schultz C.L., A new species of the Late Triassic rhynchosaur Hyperodape- 
don from the Santa Maria Formation of South Brazil, Palaeontology in press (2000). 

[46] Lehman J.P., Nouveaux stegocephales de Madagascar, Ann. Paleontol. 52 (1966) 
117-139. 

[47] Lydekker R., Note on some Gondwana vertebrates, Rec. Geol. Surv. India 15 (1881) 
174-178. 

[48] Lydekker R., Reptilia and Amphibia of the Maleri and Denwa groups, Palaeontol. Indica 
4 (1885) l-28. 

[49] Lydekker R., Catalogue of the fossil Reptilia and Amphibia in the British Museum (Nat- 
ural History). Part I. British Museum (Natural History), London, 1888 p. 

[50] Mazin J.M., King G.M., The first dicynodont from the Late Permian of Malagasy, 
Palaeontology 34 ( 199 1) 837-842. 

[51] Meckert D., A revaluation of the procolophonid Barasaurus besairiei from the Upper 
Permian of Madagascar, J. Vert. Paleontol. 13 (1993) 50A. 

[52] Piveteau J., Paleontologie de Madagascar. XIII Amphibiens et reptiles permiens, Ann. 
Paltontol. 15 (1926) 53-179. 

[53] Piveteau J., Existence d’un reptile du groupe des Procolophonides a Madagascar. Con- 
sequences stratigraphiques et paleontologiques, C.R. Acad. Sci. Paris 241 (1955) 
132551327. 

[54] Osborn H.F., The reptilian subclasses Diapsida and Synapsida and the early history of 
the Diaptosauria, Mem. Am. Mus. Nat. Hist. 1 (1903) 449-507. 

[55] Raath M.A., Oesterlen PM., Kitching J.W., First record of Triassic Rhynchosauria (Rep- 
tilia: Diapsida) from the Lower Zambezi Valley, Zimbabwe, Paleont. afr. 29 (1992) l-10. 

[56] Rage J.C., Rocek Z., Redescription of Triadobatruchus massinoti (Piveteau, 1936) an 
anuran amphibian from the Early Triassic, Palaeontographica A 206 (1989) l-1 6. 

[57] Razafimbelo M.E., Le bassin de Morondava (Madagascar) synthbse geologique et struc- 
turale, PhD, universite Louis-Pasteur, Strasbourg, France, 1987,219 p. 

[58] Rogers R.R., Swisher III C.C., Sereno PC., Monetta A.M., Forster C.A., Martinez R.N., 
The Ischigualasto tetrapod assemblage (Late Triassic, Argentina) and 40Ar/39Ar dating of 
dinosaur origins, Science 260 (1993) 794-797. 

[59] Romer A.S., La evolution explosiva de 10s rhynchosaurios de1 Triassic, Rev. Mus. Arg. 
Cien. Nat. “Bernardino Rivadavia” Cienc. Zool. 8 (1) (1962) l-14. 

[60] Schultz C.L., Barberena M.C., On the presence of Hyperodapedon (Diapsida, Rhyn- 
chosauridae) in the Triassic of South America, Boletim de Resumos do XII Congress0 
Brasileiro de Paleontologia, SHo Paulo 1 (1991) 47. 

[61] Scotese CR., Late Triassic paleogeographic map, in: Klein G.D. (Ed.), Pangea: Paleocli- 
mate, Tectonics, and Sedimentation During Accretion, Zenith, and Breakup of a Super- 
continent, Geol. Sot. Amer. Spec. Paper. 288 (1994) 7. 

[62] Sill W.D., Scaphonyx sanjuanensis, nuevo Rincossaurio (Reptilia) de la Formation 
Ischigualasto, Triassic0 de San Juan, Argentina, Ameghiniana 7 (1970) 341-354. 

[63] Swofford D.L., PAUP: Phylogenetic Analysis Using Parsimony, Version 3.1. l., Illinois 
Natural History Survey, Chicago, Illinois, 1993. 

- 125- 



26 MAX LANGER ET AL. 

[64] Tupi-Caldas J.L., Contribui@o ao estudo do f&sil da Alemoa, Municipio de Santa 
Maria, Rio Grande do Sul, in: Tupi-Caldas J.L., Curso Geral de Mineralogia e Geologia, 
aplicada ao Brasil, 2nd ed., EdiqBes da Livraria do Globo, Porto Alegre, 1933, 
pp. 333-339. 

1651 Westphal F., Phytosaurier-Hautplatten aus der Trias von Madagaskar - ein Beitrag zur 
Gondwana-Paltiogeographie, N. Jb. Geol. Paltiont., Monatsh. (1970) (10) 632-638. 

[66] Wilkinson M., Benton M.J., Missing data and rhynchosaur phylogeny, Hist. Biol. 10 
(1995) 137-150. 

[67] Whatley R.L., lsalorhynchus revisited: two rhynchosaur skeletons from southwestern 
Madagascar, J. Vert. Paleontol. 19 (1999) 84A. 

[68] Woodward A.S., On some dinosaurian bones from the state of Rio Grande do Sul, Rev. 
Mus. Paulista 7 (1907) 137-l 50. 

Plate I 

I.snlorh~nchus pwovef& 

A. Left maxilla MDE-R 18 (Holotype), ventral view. 
B. Left maxilla MAL-1996 3, ventral view. 
C. Left maxilla MAL-I 996 10, ventral view. 

D. Right maxilla MAL- 1996 2, ventral view. 
E. Right maxilla MAL- 1996 1, ventral view. 

F. Right dentary MAL-I996 8; 1: lateral view, 2: medial view. 
Bar scale = IO mm. 

A. Maxillaire gauche MDE-RI8 (Holotype), vue ventrale. 

B. Maxillaire gauche MAL- I996 3, vue ventrale. 
C. Maxillaire gauche MAL-1996 10, vue ventrale. 

D. Maxillaire droit MAL- 1996 2, vue ventrale. 

E. Maxillaire droit MAL-1996 1, vue ventrale. 
F. Dentaire droit MAL-1996 8; 1 : vue la&ale, 2 : vue mbdiale 

Barre d’khelle = 10 mm. 

- 126- 



LATE TRIASSIC RHYNCHOSAUR FROM MADAGASCAR 27 

I 

r 

D 

Plate I 


