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ABSTRACT - The holotype ofAtacisaurus crassiproratus ASTRE, 1931 (Middle Eocene ; Issel, France) is herein reinter- 
preted and attributed to cf. Iberosuchus. The holotype ofA. crassiproratus consists of a fragment of a mandible tha t  Astre 
(1931) assigned to an eusuchian crocodile. However, the combination of characters tha t  we have recognized in this man- 
dible allows to consider it as a member of the Metasuchia clade (sensu Benton & Clark 1988). Furthermore, the speci- 
men from Issel shows a similar morphology and the same combination of character states than those of several speci- 
mens from the middle Eocene site of Caenes (Duero basin, Salamanca province, Spain). We consider tha t  both the Issel 
and Caenes mandibles belong to the same taxon. The mandibles of all these specimens, attributed to cf. Iberosuchus, 
share with other metasuchians the following combination of apomorphic traits : a dorsal prolongation of the dentary 
ascending behind the tooth row ; the presence of a lateral depression on the dentary ; robust splenials ; the presence of 
a big slot-like foramen intramandibularis oralis ; and an anteroposteriorly elongated glanoid fossa of the articular. These 
specimens are also compared with the Eocene African species Eremosuchus elkoholicus BUFFETAUT, 1989. The phylo- 
genetic relationships, based on mandibular characters, of cf. Iberosuchus with other taxa previously associated to this 
genus, such as the Sebecosuchia SIMPSON, 1937 (sensu Gasparini et al. 1991) and the Trematochampsidae Buffetaut, 
1974 (sensu Buffetaut 1986, 1988, 1989), as well as with other members of the Metasuchia and Neosuchia clade, are dis- 
cussed. 
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R]~SUMI~ - L'holotype de Atacisaurus crassiproratus ASTRE, 1931 (]~oc~ne moyen ; Issel, d~partement de l'Aude, France) 
est r~interprgt6 et son rapprochement de cf. Iberosuchus est propos5. L'exemplaire type de Atacisaurus crassiproratus 
est un fragment de mandibule que Astre (1931) a attribug fi un crocodile eusuchien. L'ensemble des caract~res relevgs 
sur cette mandibule permet cependant de la consid~rer comme appartenant  au clade Metasuchia (sensu Benton & Clark 
1988). Le specimen d'Issel est morphologiquement comparable et pr~sente la m~me combinaison d'~tats de caract~res 
que certains restes de mandibules provenant du gisement de l'l~oc~ne moyen de Caenes (Bassin du Duero, Salamanca, 
Espagne). Nous consid~rons doric qu'ils appartiennent tous au m~me taxon. La mandibule de A. crassiproratus partage 
avec les autres Metasuchia la combinaison suivante d'apomorphies : la presence d'un prolongement dorsal du dentaire 
s'~levant en arri~re de la rangge dentaire, de spl~niaux ~largis, d'un foramen intramandibularis oralis grand et allong~ 
et d'une fosse glSnoide allong~e ant~ro-post~rieurement. Cf. Iberosuchus est aussi compar5 fi l'esp~ce africaine de l'l~ocg- 
ne Eremosuchus elkoholicus BUFFETAUT, 1989. Les relations phyloggn~tiques de cf. Iberosuchus avec des taxons pr~cfi- 
demment  associ~s fi Iberosuchus tels que les Sebecosuchia SIMPSON, 1937 (sensu Gasparini et al. 1991), et les 
Trematochampsid~s Buffetaut, 1974 (sensu Buffetaut 1986, 1988, 1989) et avec des crocodiles faisant partie des clades 
Metasuchia et Neosuchia sont discut6es. 

MOTS-CLI~S : CROCODYLOMORPHA, METASUCHIA, ]~OCI~NE, FRANCE, ESPAGNE, EUROPE. 
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RESUMEN - Se propone una reinterpretaci6n del holotipo de Atacisaurus crassiproratus ASTRE, 1931 (Eoceno medio; 
Issel, Departamento de Aude, Francia) y su nueva asignaci6n como cf. Iberosuchus. E1 ejemplar tipo de A. crassiproratus 
est~ constituido por un fragmento de mand~ula que fue atribuido por Astre (1931) a un cocodrilo eusuquiano. Sin 
embargo, el conjunto de caracteres que pueden reconocerse sobre esta mand~ula permiten considerarla como pertene- 
ciente a un miembro del clado Metasuchia (sensu Benton & Clark, 1988). E1 ejemplar de Issel es morfolS~camente simi- 
lar y muestra la misma combinacidn de caracteres que algunos otros ejemplares del yacimiento del Eoceno medio de 
Caenes (Cuenca del Duero, Salamanca, Espafia). La manch%ula de A. crassiproratus comparte con otros Metasuchia 
algunos caracteres apom6rficos como : la prolongacidn postero dorsal del dentario elev~ndose por encima de la serie den- 
taria, un esplenial robusto, un foramen intramandibularis oralis grande y alargado y la fosa glenoidea del articular alar- 
gada antero posteriormente. Se comparan dichos ejemplares con la especie del Eoceno africano Erernosuchus elkoholi- 
cus BUFFETAUT, 1989. Se discuten las relac~ones filogen~ticas de estos especimenes con otros taxones con los que rue 
previamente asociado Iberosuchus, como los Sebecosuchia SIMPSON, 1937 (sensu Gasparini et al. 1991) y los 
Trematochampsidae Buffetaut 1974 (sensu Buffetaut 1986, 1988, 1989), y con otros miembros de los clados Metasuchia 
y Neosuchia. 

PALABRAS CLAVE : CROCODYLOMORPHA, METASUCHIA, EOCENO, FRANCIA, ESPANA EUROPA. 

I N T R O D U C T I O N  

The classic middle Eocene locality of Issel (Aude 
Depar tment ,  France)  (Fig. 1) has  yielded abundant  
fossil crocodiles. The  taxonomic s ta tus  of these cro- 
codiles were  largely discussed by several  XIX cen- 
t u ry  F rench  paleontologists (see Astre, 1931). These  
crocodiles were listed as Crocodilus Dodunii GRAY, 
1831 and as an incertae sedis repti le Isselosaurus 
Doduni FILHOL, 1888. Astre  (1931) examined speci- 
mens  from the Issel and other  re la ted sites, gathe- 
r ing t he m  into two species of a new genus : 
Atacisaurus glareae and Atacisaurus crassiprora- 
tus, and refer ing them to the  Crocodylidae. 

The  type species of Atacisaurus, A. glareae, was 
based on the anter ior  port ion of a mandible from 
Laure  (Aude Depta r tement )  (Fig. 1) that ,  unfortu-  
nate]y, seems to be lost (Sudre, personal  communi-  
cation). Astre  also assigned to A. glareae an unpre-  
pared  skull from Issel, housed in the Mus6um 
d'Histoire Nature l le  de Toulouse, and labelled as : 
["Crocodilus dodunii (nomen nudum : Astre 1931) ; 
Issel (Aude) ; Henr i  de S6verac 1873 ; Atacisaurus 
glareae Astre  ; Lut6t ien sup6rieur ; Issel (Aude) ; 
Coll. Noulet"]. Hence, the la t te r  specimen could be 
designated as the  species lectotype if, after  prepara-  
tion, reveals  new informat ion to compare it  wi th  the  
Astre  (1931) diagnosis based on the  type. 

The second species of Atacisaurus, A. crassiprora- 
tus, is founded on an anter ior  portion of mandible.  
Astre  (1931) proposed its inclusion in this genus on: 
the en la rgement  of the mandibula r  symphysis,  and 
the var ia t ion  of the tooth morphology along the den- 
tary. However, the original description is not  totally 
accurate,  and re levant  fea tures  were omitted. La te r  
revisions considered A. crassiproratus as a synony- 
mous ofAsiatosuchus germanicus BERG, 1966 (Berg 
& Crusafont  1970 ; Vasse 1992), founding the syno- 
n y m y j u s t  on a similar mandibu la r  symphysis  leng- 
th. However, there  is no other  fea ture  shared to sup- 
port  the synonymy. 

FIGURE 1 - Main western European Eocene localities with non 
eusuchian ziphodont crocodiles record : 1) "Canteras de 
Corrales", Zamora province, Spain ; 2) "Caenes"-Cabrerizos, 
Salamanca province, Spain ; 3) Mazaterdn, Soria province, Spain; 
4) Prepyrinean sites : "Capella", and "Torsalet del Mortal" 
(Huesca province ) ; "Les Saleres" and "Les Badies" (L~rida pro- 
vince), Spain ; 5) Southern France sites: La Livini~re, and Issel, 
Laure, Castrais, Massalle and Lautrec (Aude Department, 
France) ; A) "Vale Furado"- Nazar~, Leiria Province, Portugal ; B) 
Messel, Hesse, Germany. Principaux gisements goc~nes d'Europe 
occidentale ayant fourni des restes de crocodiles ziphodontes non 
eusuchiens : 1) "Canteras de Corrales", Zamora, Espagne ; 2) 
"Caenes"-Cabrerizos, Salamanca, Espagne ; 3) MazaterSn, Soria, 
Espagne ; 4) Gisements prdpyrdndens : "Capella" et "Torsalet del 
Morral" -Huesca, Espagne ; "Les Saleres " et "Les Badies" -Ldrida, 
Espagne ; 5) Gisements du sud de la France : La  Livini~re et Issel, 
Laure, Castrais, Massalle et Lautrec (Aude, France) ; A) "Vale 
Furado "-Nazarg, Leiria, Portugal ; B) Messel, Hesse, Allemagne. 
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FIGURE 2 - Cf. Iberosuchus (holotype of "Atacisaurus crassiproratus"). Lateral view. (Negatives from Museum d'Histoire Naturelle, 
Toulouse). Scale bar  = 10 cm. Vue lat~rale. 

FIGURE 3 - Cf. Iberosuchus (holotype of "Atacisaurus crassiproratus"). Dorsal view. (Negatives from Museum d'Histoire Naturelle,  
Toulouse). Scale bar  = 10 cm. Vue dorsale. 
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After a pre l iminary  preparat ion,  we have revised 
the holotype of A. crassiproratus. The specimen 
exhibits a combination of in teres t ing features  tha t  
are comparable to those of several  specimens pre- 
viously assigned to the Iber ian crocodile Ibero- 
suchus macrodon ANTUNES, 1975 (Mart in de Jestis 
et al. 1987 ; Ortega & Buscalioni 1992) (Fig. 1), and 
this  is the  r eason  to describe t h e m  together.  
Iberosuchus, from the middle Eocene site of Vale 
Furado  (Nazar6, Portugal), was originally associa- 
ted to the South  American Sebecosuchia SIMPSON, 
1937, because of its pr imit iveness (Antunes 1975). 
Iberosuchus was certainly t rea ted  as an uncommon 
form of the European  Tertiary, and the subsequent  
l i t e ra ture  (Molnar 1981 ; Gaspar ini  1984) has  consi- 
dered it  as an incertae sedis genus, due to the scar- 
city of the  available mater ial .  Buffetaut  (1988) has  
contempla ted  Iberosuchus as a Trematochampsidae  
Buffe taut  1974, bu t  this family is also a debatable 
taxon wi th  an unce r t a in  phylogenet ic  position 
(Gasparini  et al. 1991). The t rematochampsids  as 
defmed by Buffe taut  (1986, 1988, 1989) include the 
African genera  and species Trernatocharnpsa (T 
taqueti BUFFETAUT, 1974 and T oblita BUFFETAUT 
& TAQUET, 1979), Erernosuchus elkoholicus BUFFE- 
TAUT, 1989, the South  American Peirosaurus torrni- 
nil PRICE, 1955, Itasuchusjesuinoi PRICE, 1955, and 
the  E u r o p e a n  Bergisuchus dietrichbergi KUHN, 
1968 and Iberosuchus. 

The  holo type  of Atacisaurus crassiproratus is 
here in  redescribed in comparison wi th  two frag- 
m e n t a r y  mandibles  from the Spanish Eocene, dis- 
cussing the i r  taxonomic status. An evaluat ion of 
mandibu la r  characters  provides a first approach to 
the  phylogenetic relat ionships of the here  conside- 
red cf. Iberosuchus from Issel and Spain within the 
Metasuchia  clade. This analysis  includes some 
puta t ive  relat ives such as the t rematochampsids  
(Itasuchus and  Amargasuchus CHIAPPE, 1988 
excluded) and the Peirosaur idae Gasparini,  1982 
(sensu Gaspar in i  et al. 1991), as well as some 
Sebecosuchia such as Baurusuchus pachecoi PRICE, 
1945 and Sebecus icaeorhinus SIMPSON, 1937. 

SYSTEMATIC PALEONTOLOGY 

CROCODYLOMORPHA Walker, 1970 (sensu Benton & 
Clark, 1988). 

METASUCHIA BENTON & CLARK, 1988. 
?SEBECOSUCHIA SIMPSON, 1937 (sensu 

Gaspar ini  et al. 1991) 
cf. Iberosuchus ANTUNES, 1975. 

R e f e r r e d  s p e c i m e n s  - The mandible (dentaries + splenials) lac- 
king its posterior part, described by Astre (1931) as the holotype 
of Atacisaurus crassiproratus (Figs 2, 3). It is housed in the 
MHNT and labelled as : ["Atacisaurus crassiproratus (= 
Isselosaurus dodunii, Gray proposte). Pi6ce figure Bulletin de la 
Soci6t6 d'Histoire naturelle de Toulouse, 1931. Mandibule d6cou- 

verte par E. Cuguill6re, 1893"]. The specimen comes from the 
classic "Lutetian" fossil site of Issel (Aude Department, France) 
(Fig. 1), dated as Middle Eocene -level of reference in the corre- 
lation tables of the European Paleogene : Mp 14- (Russell et al. 
1982 ; Franzen & Haubold 1986 ; Schmidt-Kittler 1987). Also 
considered as cf. Iberosuchus are : STUS 349 (Fig. 4), a dentary 
lacking the symphysial area, probably belonging to a juvenile 
individual ; STUS 13701 (Fig. 5), a dentar~, anteriorly and pos- 
teriorly incomplete, with part of the splenial attached anteriorly; 
and STUS 1259 (Fig. 6), a left articular fragment lacking the 
retroarticular process. These specimens come from the Caenes 
site (Duero basin, Salamanca province, Spain) (Fig. 1), dated as 
Middle Eocene-level of reference, regarding the correlation 
tables of the European Paleogene : Mp 16 - (Cuesta 1991 ; 
Schmidt-Kittler 1987). 

I n s t i t u t i o n a l  a b b r e v i a t i o n s  - M H N T  : M u s 6 u m  d'His- 

toire Naturelle de Toulouse. Toulouse. France. STUS : Sala de las 
Tortugas. Universidad de Salamanca. Salamanca. Spain. 

D e s c r i p t i o n  - The specimen from Issel is the most  
complete one, but  it  will require  fu r the r  p repara t ion  
for freer  details. It  is comparat ively  described wi th  
the mandibular  f ragments  from the Caenes out- 
crop, emphasiz ing thei r  dissimilarities.  The man-  
dibles are la teral ly  compressed and high. The sym- 
physis reaches posteriorly the  level of the  8 th  alveo- 
li in the Issel specimen. The symphysis  is spoon- 
like, with its max imum width  at  the  level of the  4th 
tooth. Seen from above the  anter ior  outl ine is gent- 
ly rounded back to the  4 th  tooth, behind which the 
mandible is slightly constricted transversely.  In 
lateral  view, the  dorsal outline of the  den ta ry  is 
slightly concave, forming a wave from the 4 th  tooth 
towards the  posterior end. The  splenial comprises 
one-hal f  of the  l eng th  of the  symphysis .  The  
Spanish specimens lack much  of the  symphysis  : 
STUS 13701 begins at  the 4 th  tooth, and STUS 349 
at  about  the 7th tooth. 

The dentar ies  are all slightly sculptured,  wi th  a ver- 
miform and s t r ia ted ornamenta t ion .  The STUS 349 
(Fig. 4.2) specimen shows in detail  some fea tures  of 
the den ta ry  tha t  are not  exposed on the  other  spe- 
cimens. Below the upper  port ion of the den ta ry  in 
lateral  view, a series of vascular  foramina  opens 
backwards. A groove runs  backwards  from the last  
foramen, subparallel  to the dorsal edge of dentary, 
as is commonly  the  case in Crocodylomorpha  
(Walker 1990). The den ta ry  displays a longitudinal  
depression on its lower la teral  half, which is most  
evident  anter ior ly  (also visible in STUS 13701, pl. 
4). A wrinkled surface for a t t achmen t  to the suran-  
gular occurs laterodorsally. A probable su tura l  a rea  
for the angular  is exposed ventrolateral ly.  The pos- 
terior end of the dentary, which would have  been 
concealed by the  surangula r ,  is b ro k en  off. 
Posteriorly, the lower edge of the den ta ry  exhibits 
the dorsal border  of the  external  mand ibu la r  fenes- 
t ra  (Fig. 7). 

In medial  view, the anter ior  upper  wall below the  
alveoli is vertical, forming a sub t r iangula r  area. A 
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FIGURE 4 - Cf. Iberosuchus (STUS 349). A relatively small right dentary attributed here to a juvenile specimen (Eocene) : "Caenes"- 
Cabrerizos site, Salamanca province, Spain). (1) lateral and (2) medial views. Scale bar = 10 cm. Un dentaire droit relativement petit, 
attribug ici & un exemplaire juvgnile (Eocene moyen). (1) Vue latgrale ; (2) Vue m~diale. 

FIGURE 5 - Cf. Iberosuchus (STUS 13701). Fragment of left dentary and splenial (Eocene : "Caenes"-Cabrerizos site, Salamanca pro- 
vince, Spain). (1) dorsal and (2) medial view. Scale bar = 10 cm. Fragment de dentaire et splgnial gauches (t~oc~ne rnoyen. (1) Vue dor- 
sale ; (2) Vue mgdiale. 

series of va scu l a r  fo r amina  is p resen t  below the  
tooth  row. The  splenial  reaches  the  uppe r  border  of 
the  den t a ry  a t  the  level of the  l l t h  alveolous. The 
anter ior  dorsal  su tu ra l  a rea  for the  splenial  in the  
den t a ry  is a concave surface, unl ike t h a t  of ex tan t  
crocodiles. The  ven t r a l  p a r t  of the  media l  walls of 
the  pos ter ior  alveoli are  formed by the dentary,  
a l though the  uppe r  media l  border  of the  mandib le  
is formed by the  splenial.  Behind the  tooth row, the  
s u r a n g u l a r  would have  shea thed  the  uppe r  edge of 
the  dentary.  A r idge m a r k s  the  posit ion of the  ante-  

r ior end of the  su rangu la r  on the  inner  side of the  
dentary. In  the  STUS 349 spec imen (Fig. 7), the  
Meckelian canal  gives off a dorsola tera l  s inus t h a t  
passes  forward f rom the 12th-13th teeth.  The  yen-  
t ra l  su ture  be tween  den ta ry  and  splenia l  faces 
medially, and  it  slopes dorsomedia l ly  behind,  diffe- 
r ing f rom ex tan t  crocodiles, where  this  su tu re  is 
a lways medial .  

In  all of the  mandibles ,  the  den t a ry  bends  a lmos t  a t  
a r ight  angle to mee t  the  splenial  ventral ly,  fo rming  
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FIGURE 6 - Cf. Iberosuchus (STUS 1259). Left Articular  f ragment  
(Eocene : "Caenes"-Cabrerizos site, Sa lamanca  province, Spain). 
(1) dorsal  and (2) medial  views. Scale bar  = 10 cm. Fragment d'ar- 
ticulaire gauche (Eocene moyen). (1) Vue dorsale ; (2) Vue mgdia- 
le. 

half of the ventral surface of the mandible, whereas 
the other half is formed by the splenia]. 

The splenials of the Issel specimen and of STUS 
13701 are robust behind the symphysis. In this area 
a large slot-like foramen opens medially, dividing 
the splenial into two branches. We think that this 
foramen is homologous to the foramen intramandi- 
bularis oralis described in some extant crocodiles 
(Norell 1989). It occurs at the level of the 10th tooth 
and runs forward into the symphysis. Dorsal and 
ventral to the foramen, the branches of the splenial 
are thick transversely (Fig. 8), but posteriorly the 
splenial becomes a thin lamina. 

The Issel mandible and STUS 13701 are of the 
same size (see Figs 2, 3, 5). The only difference that  
can be rised is the presence of an abnormal enlar- 
ged diameter of l l t h  tooth in the Spanish specimen. 
However, no tooth with such an enlargement is evi- 
dent on the small sized specimen from Caenes. 

The articular (STUS 1259 : pl. 5) is particularly 
pneumatized, being its lateral wall composed of 
cancelous bone. The glenoid fossa for the articula- 
tion with the quadrate is broken laterally, and has 
lost part  of the outer articular surface. The internal 
part  of the glenoid fossa extends anteroposteriorly. 

A shallow ridge separates the two cotyles of the gle- 
noid fossa. On its medial side, the articular develops 
a shelf that  bends downwards. The anterior portion 
of this shelf reaches the descending articular pro- 
cess, and its posterior end projects medially. 
Probably this shelf continued posteriorly along the 
retroarticular process. A foramen is present in the 
medial face of the articular below the shelf. The 
bone surface of both the glenoid fossa and the 
medial shelf is porous. The anterior descending pro- 
cess of the articular is a narrow rod. The lateral part  
of the rod is smooth, and there is a foramen in this 
face, as in Recent crocodiles. The surangular parti- 
cipated in the cranio-mandibular articulation. 

The mandible from Issel and STUS 349 retain seve- 
ral teeth in situ. The 4th mandibular tooth is the 
largest, and its crown is twice as high as the other 
ones. The post-caniniform teeth are homodont in 
size and shape. They are laterally compressed, with 
the apex of the crown curved distally. The mesial 
margin of the crown is convex, and the distal one is 
slightly concave or straight. A series of isolated den- 
ticles -ziphodont dentition (modified from Langston 
1975), see definition of the term below- is displayed 
along the mesial and distal margins. 
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FIGURE 7 - Lateral  (1) and medial  (2) views of the STUS 349 r ight  dentary  (Middle Eocene : "Caenes"-Cabrerizos site, Sa lamanca  pro- 
vince, Spain). The mandible  is in te rpre ted  as belonging to a juvenile individual. Abbreviations : an.s, angular  su ture  ; emf, external  
mandibula r  fenes t ra  ; 1.dp, lateral  depression of the  dentary  ; mc, Meckelian canal ; sd.s, dorsal  suture  of the  splenial  ; sv.s, vent ra l  sutu-  
re of the  splenial ; su.s, surangula r  suture  ; sy, symphysial  area. Scale bar  = i cm. Vue lat~rale (1) et m~diale (2) du denta i re  droit  STUS 
349 (Eocene moyen: "Caenes"-Cabrerizos, Salamanca,  Espagne).  La mandibule  est interprdtde comme appar tenant  & un juvenile.  
Abrdviat ions : an.s, suture  avec l 'angulaire ; emt, fen~tre mandibula ire  ; l.dp, ddpression latdrale du  dentaire ; mc, canal de Meckel ; sd.s, 
suture dorsale du  spldnial ; sv.s, suture ventrale du  splgnial ; su.s, suture avec le surangulaire  ; sy, aire symphysaire.  

T H E  T A X O N O M I C  S T A T U S  O F  A. 

C R A S S I P R O R A T U S  

At present, no apomorphic features have been pro- 
posed to define the phylogenetic position of 
Iberosuchus macrodon. On the other hand, no direct 
comparison between the material here described 
and the holotype of Iberosuchus (an anterior portion 
of a snout) is possible. However, the combination of 
characters shown by the material described is simi- 
lar to and consistent with those traditionally propo- 
sed for the characterization of Iberosuchus 
(Antunes 1975). These features are : the presence of 
laterally compressed tooth crowns, with the apex 
curved distally ; the presence of mesial and distal 
carinae, on which a number of isolated denticles 

Schdrna de la coupe transversale de la part ie  antgrieure de la 
mandibu le  gauche S T U S  13701 (E, oc~ne moyen : "Caenes"- 
Cabrerizos, Sa lamanca ,  Espagne),  montran t  en vue antdrieure les 
deux  branches clu spldnial (s.db, branche dorsale du spldnial ; 
s. vb, branche ventrale du  spldnial) et le g r a n d  foramen (f) du  ner f  
t r i jumeau ( in t ramandibular i s  pars  oralis). Abrdviations : a, 
alvdoles ; de, dentaire (montrant  les tours extdrieur et intgrieur 
verticaux) ; mc, canal de Meckel. 

%%..%-,..**... 
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FIGURE 8 - Schema o£ a t ransverse  section of the  anter ior  pa r t  of 
the left mandible  BTUS 13701 (middle Eocene : "Caenes"- 
Cabrerizos site, Sa lamanca  province, Spain), showing the  ante- 
rior view of the two splenial branches  (s.db, dorsal  b ranch  of sple- 
nial ; and s.vb, vent ra l  branch of splenial) and the  slot-like fora- 
men  (f.) for the  Nervus Trigeminus ( in t ramandibular i s  pars  ora- 
lis). Abbreviations : a, alveolus ; de, dentary  (showing the  vertical 
inner  and outer  walls) ; mc, Meckelian canal. 
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(serrated margins) can be delimited - that  is the 
definition of ziphodonty sensu Legasa et al. 1994 - ; 
the vermiculated skull sculpture ; a spoon-like pre- 
maxillae palatal shelf (Iberosuchus holotype) vs. a 
spoon-like mandibular symphysis (specimens des- 
cribed above) ; a premaxillo-maxillary notch vs. a 
hypertrophied 4th mandibular tooth ; and a deep 
rostrum vs. a deep mandible. All of these similari- 
ties are symplesiomorphies for Metasuchia, but 
their combination is unique among the typical cro- 
codilian Eocene European fauna (except Bergi- 
suchus, see below). Thus, we assume these similari- 
ties of the material here described and Iberosuchus 
as an indication that  they probably belong to the 
same taxon. Therefore, conjoining this criterium 
with the paleogeographic and chronostratigraphic 
proximity, the studied specimens are herein assi- 
gned to cf. Iberosuchus. With the present available 
material the problem of the taxonomical nomencla- 
ture of the holotype of Atacisaurus crassiproratus 
cannot be properly solved. In the event that  this 
species turned out to be a synonym of Iberosuchus 
macrodon, the priority of the Issel specimen deno- 
mination would introduce a modification in the spe- 
cific name of Iberosuchus with the new combination 
L crassiproratus. 

COMPARISON WITH THE OTHER 
E U R O P E A N  NON-EUSUCHIAN 
ZIPHODONT CROCODILES 

The only other European Tertiary crocodile that  
presents a similar combination of character states 
than the mandibles described above is Bergisuchus 
dietrichbergi (Berg 1966 ; Buffetaut 1988). Compa- 
ring the material described with the mandible of 
Bergisuchus, several differences are noted. The 
mandible of Bergisuchus is half  the size of the smal- 
lest of the mandibles described here (i.e. STUS 349), 
which we believe is an immature specimen (see des- 
cription). The profuse sculpturing of the Messel cro- 
codile suggests that  it is not a juvenile specimen, 
but a small sized adult, as it has been confirmed by 
other recently found material (Rauhe et al. in 
prep.). Furthermore, Bergisuchus displays a lower 
number of teeth, arranged in a short space, behind 
the 4th tooth (11 alveoli versus 14 alveoli in the 
analysed specimens). The dorsal margin of the den- 
tary has a pronounced concave arch behind the 4th 
tooth in Bergisuchus. The 4th tooth occurs on an ele- 
vation of the dentary, and this bone bends strongly 
forwards reducing considerably the height of the 
anterior end of the mandible. None of these features 
are displayed in the described specimens. The cani- 
niform 4th tooth in Bergisuchus has an alveolar dia- 
meter that  is about four times the diameter of the 
remaining teeth, whereas in the Issel specimen the 

diameter of the 4th tooth is no more than twice that  
of the other teeth. 

RESULTS OF THE PHYLOGENETIC 
ANALYSIS 

We present a first attempt at determining the phy- 
logenetic position of cf. Iberosuchus based on man- 
dibular characters. For the phylogenetic analysis 
we have considered Notosuchus WOODWARD, 1896 
as the outgroup. We have selected the ingroup 
intending to falsify the hypothesis that  relates the 
non-eusuchian ziphodont crocodiles from the 
European Tertiary record with the Sebecosuchia 
and the Trematochampsidae. 

The data matrix (Fig. 9) was analysed using the 
implicit enumeration (i.e.) option of the 1.5 version 
of the "Hennig 86" program (Farris 1988), resulting 
a single most parsimonious cladogram (Fig. 10). The 
character coding (Appendix 1) is a result of the ana- 
lysis of character transformation along the major 
clades of Crocodylomorpha : Crocodyliformes, 
Mesoeucrocodylia, Metasuchia, and Neosuchia, 
assuming the monophyly of these clades (Benton & 
Clark 1988 ; Parrish 1991 ; Sereno & Wild 1992). 

The node A (Fig. 10) is defined by the dorsal prolon- 
gation of the dentary ascending behind the tooth 
row [#4], and by the antero-posterior elongation of 
the glenoid fossa of the articular [#14]. Both cha- 
racters are primitive (i. e. Sphenosuchus HAUGH- 
TON, 1924) in Crocodylomorpha. Like the outgroup, 
the ingroup taxa show the derived condition, with 
the exception of the node C : (Peirosauridae + 
(Trematochampsa + Neosuchia)). The reversion of 
the traits #4 and #14 could define Neosuchia, but 
they are missing values for Peirosauridae and 
Trematochampsa oblita (see Fig. 9). 

The anteroposterior enlargement of the glenoid 
fossa shown by Baurusuchus and cf. Iberosuchus is 
less developed than that  of Notosuchus. The condi- 
tion shown in Notosuchus has be~n related with the 
capability of mandibular propalinity (Clark et al. 
1989 ; Bonaparte 1991). 

Node B is not defined because of the missing values 
of the data matrix. However, there is a basal dicho- 
tomy supported by the most parsimonious distribu- 
tion of characters that  define the node C and the 
node E (Fig. 10). 

Node C is well supported by the presence of two 
sinusoidal waves in the dorsal margin of dentary 
[#1], a lateromedially expanded dentary [#2], and 
the presence of heterodonty along the dentary 
series [#3]. Character #1 is a basal synapomorphy 
defining Neosuchia (sensu Benton & Clark 1988). 
However, nei ther  Trematocharnpsa nor the 
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1 ! I 1 1 1 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

Notosuchus 0 0 0 1 0 0 0 0 0 l 0 0 1 0 

Sebecus 0 0 0 1 0 0 0 0 0 0 0 

Baurusuchus 0 0 0 1 I [ 1 0 0 0 0 0 1 1 

of, lberosuchus 0 0 0 [ 1 0 1 1 0 0 0 0 0 1 0 

Eremosuchus 0 0 0 0 0 0 1 1 

Peirosauridae i 1 l 1 0 0 0 0 0 0 0 B 

Trematocharnpsa 1 1 1 0 0 0 1 1 1 0 B 

Neosuchia l 1 1 0 0 1 0 0 1 1 1 1 0 0 

FIGURE 9 - D a t a  m a t r i x  of  t h e  p o l a r i t y  of 15 m a n d i b u l a r  c h a r a c t e r s .  [0] = p r i m i t i v e  cond i t i on  ; [1] = d e r i v e d  cond i t i on  ; [B] = b o t h  ; [?] 
= m i s s i n g  d a t a .  The  o u t g r o u p  t a x o n  is  Notosuchus  terrestris. The  chosen  i n g r o u p  c o m p r i s e s  t h e  t r a d i t i o n a l  m e m b e r s  of S e b e c o s u c h i a  - 
Sebecus (S. icaeorinus a n d  S. huilensis) a n d  Baurusuchus  (B. pachecoi)-, Eremosuchus  (E. elhoholicus), t h e  P e i r o s a u r i d a e  (Peirosaurus 
torminni  a n d  Lom asuchus  palpebrosus  GASPARINI et al., 1991), Trematochampsa  (T oblita a n d  T taqueti), a n d  N e o s u c h i a  as  a s i n g l e  
t e r m i n a l  t a x a .  Al l  of  t h e  above  m e n t i o n e d  spec ies  h a v e  b e e n  d i r e c t l y  r e v i s e d  by  t he  a u t h o r s .  Matrice des donndes avec la polaritd des 
15 caract~res mandibulaires .  [0], pldsiomorphe ; [1], ddrivd ; [B], po lymorphisme ; [?], donnde inconnue. Le groupe externe est N o t o s u c h u s  
t e r r e s t r i s .  Le groupe interne comporte les membres  traditionels de Sebecosuchia - S e b e c u s  (S. i c a e o r i n u s  et S. h u i l e n s i s )  et B a u r u s u c h u s  
(B. pacheco i )  -, E r e m o s u c h u s  (E. e lkohol icus) ,  les Peirosauridae ( P e i r o s a u r u s  t o r m i n n i  PRICE, 1955 et L o m a s u c h u s  p a l p e b r o s u s  
GASPARINI et al., 1991), T r e m a t o c h a m p s a  (T. ob l i t a  et T. t aque t i ) ,  et Neosuchia comme un seul taxon terminal.  Toutes les esp~ces men- 
tionndes ci-dessus ont  dtd vues et gtudides p a r  les auteurs. 

Peirosauridae have ever been related to any major 
clade of Crocodylomorpha, and hence, more infor- 
mation would be needed to include them within 
Neosuchia. The node is supported by other ambi- 
guous characters, such as a Meckelian canal narrow 
and shallow in the post-symphysial region [#6], and 
the reversion of the trait  #4. Both traits are unk- 
nown in T oblita and the Peirosauridae. The 
Trernatochampsa + Neosuchia clade is defined by 
an ambiguous trait, the presence of a short and 
robust anterior process of the surangular [#10] 
(unknown in the former taxon), and three synapo- 
morphies. They share the disposition of the splenial 
attached to the medial face of dentary, remaining 
almost unexposed in ventral view [#9], the absence 
of marginal serrations composed by true isolated 
denticles on the teeth [#11], and conical teeth [#12]. 
In Trernatochampsa taqueti the teeth display cre- 
nulated crown margins. Crenulated teeth differ 
from ziphodont teeth in having no distally curved 
crown apex, and they possess distal and medial 
rough margins which are constructed by anastomo- 
sed ridges. It is considered here as the derived 
condition, differing from the primitive one -teeth 
with serrated margins. The presence of conical 

teeth [#12] might be treated as a synapomorphy of 
Neosuchia (with the exception of Atoposauridae) 
and Eusuchia. However, the primitive expression of 
the trait #11 is convergent in some genera of 
Eusuchia -e.g. Pristichampsus GERVAIS, 1853, the 
Chinese pristichampsid Planocrania LI, 1976 or the 
Australian genus Quinkana MOLNAR, 1981. 

The node E includes the traditional members of 
Sebecosuchia (sensu Gasparini  et al. 1991), 
Eremosuchus and cf. Iberosuchus. This node is deft- 
ned in the present cladogram by a longitudinal 
depression of the dentary [#5] that  forms a deep 
fossa around the mandibular external fenestra. In 
Sebecus and Baurusuchus the fossa is extended on 
the surangular and the angular, but this extension 
cannot be observed in cf. Iberosuchus and 
Eremosuchus due to the preservation of the 
remains. 

Cf. Iberosuchus is the sister group of (Baurusuchus 
+ Eremosuchus), sharing a slot-like foramen ope- 
ning anteriorly in the medial side of the splenial 
(#8), and splenials broad and robust (#7). The trait  
#8 is unknown in Eremosuchus and in the holotype 
of Sebecus icaeorhinus, but Langston (1965, p. 15, 
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fig. 3) figured a small foramen (primitive condition) 
in S. huilensis LANGSTON, 1965. The trait #7 is unk- 
nown in Sebecus. Non- eusuchian crocodiles posses- 
sing broad to robust splenials have also stout and/or 
enlarged mandibles, as in the pholidosaur 
Teleorhynus OSBORN, 1904, the thalattosuchians 
(e.g. Metriorhynchus MEYER, 1830), the neosuchian 
G o n i o p h o l i s  OWEN,  1841, and also in the 
Peirosauridae. So, trait #7 seems to be distributed 
convergently, although the derived condition never 
appears in members of Eusuchia. 

The relationship between Eremosuchus and Bauru- 
suchus is founded on the presence of a very pro- 
nounced sigmoida] tooth row that  contrasts with 
the semi straight ventral edge of the dentary [#15] 
(convergent within the Peirosauridae in Peirosau- 
rus, and also in the species Trematochampsa oblita). 
In the present cladogram Eremosuchus is defined 
by one autapomorphy [#13] -constricted base of the 
tooth crown. However, this condition is widespread 
distributed among Crocodylomorpha, and other 
taxa, out of the focus of this analysis, exhibit it. 

/ ~  #4,#14 

C O N C L U S I O N S  

The character analysis and the resulting cladogram 
(Fig. 10) confirm the primitive condition of the man- 
dible of the specimens here denominated cf. 
Iberosuchus. Thus, Atacisaurus crassiproratus is 
not an eusuchian crocodile, and the successive syno- 
nymies, that  assigned this material to the Eusuchia 
Asiatosuchus germanicus or to A. depressifrons 
(Berg 1966 ; Berg & Crusafont 1970 ; Vasse 1992) 
are not valid. The phylogenetic interrelationships of 
node E (? Sebecosuchia) are still tentative. The avai- 
lable mandibles of Sebecus and Eremosuchus are 
very fragmentary, and a complete revision of the 
Sebecosuchia and related taxa would be necessary 
to accomplish an unambiguous definition of this 
node. However, this analysis furnishes a prelimina- 
ry assumption for further studies on other metasu- 
chian evidence from the Tertiary of Europe and 
North Africa. The African species Eremosuchus 
elkoholicus, only known from the anterior portion of 
a dentary, is another ziphodont crocodile geographi- 
cally and chronologically close to the described spe- 
cimens. 

In this phylogeny, Trematochampsa shares six 
synapomorphies (traits #1, #2, #3, #9, #11, and #12) 
with the Neosuchia, whereas the remaining mere- 
bers of the trematochampsids (Eremosuchus, Peiro- 
saurus, and Iberosuchus) are placed in different 
phylogenetic contexts. T oblita possesses a more 
derived mandible than Eremosuchus or cf. Iberosu- 
chus, and the affinity between this species and the 
remainder "trematochampsids" is only based on the 
presence of a sigmoidal tooth row (#15). According 

FIGURE 10 - Cladogram showing the phylogenetic position of c£ 
Iberosuchus. The node E comprises the traditional Sebecosuchia 
in which Eremosuchus and cf. Iberosuchus are placed. The ana- 
lysis of the data matrix produced this unique tree with a length 
of 17 evolutionary steps and ci= 0,88. On the cladogram only the 
unambiguous synapomorphies have been distributed. Complete 
definition of the nodes (*: ambiguous ; x : reversed) : A [#4, #11, 
#14] ; B [#7*, #11 x] ; E [#5]; (cf. Iberosuchus + (Baurusuchus + 
Eremosuehus)) [#8] ; (Baurusuchus + Eremosuchus) [#15] ; C [#1, 
#2, #3, #4", #14 x] ; D [#7 x, #9, #10", #11, #12].Cladogramme mon- 
trant la position phylogdndtique de cf. Iberosuchus. Le noeud E 
comprend [es formes habitue[[ement regroup~es clans les 
Sebecosuchia, parmi lesquelles Eremosuchus and cf. Iberosuchus 
ont dtd placds. L 'analyse de la matrice de donnges ggn~re un arbre 
unique avec une longueur de 17 pas dvolutifs et un indiee de cohg- 
rence (Ci) de 0,88. Sur  le cladogramme ont dtd distribudes seule- 
ment les synapomorphies non ambigi~es. La ddfinition cornpl~te 
des noeuds est (*: ambigi~s ;" : reversion) : A [#4, #11, #14]; B [#7* 
#11"]; E [#5]; (cf. Iberosuchus + (Baurusuchus + Eremosuchus)) 
[#8]; (Baurusuchus + Eremosuchus) [#15] ; C [#1, #2, #3, #4* 
#14q ; D [#7 ~, #9, #10"~ #II,  #12]. 

to the present analysis, the "trematochampsids" are 
considered as a polyphyletic taxon. The mandibular 
data are also congruent with the results of previous 
analysis based on skull characters (Gasparini et al. 
1991). 
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A p p e n d i x  1 : c h a r a c t e r  c o d i n g  

1 - Dorsal edge of dentary : s traight or just  showing a single 
concave arch behind the caniniform tooth (0) ; edge sinusoidal, 
tha t  is, wi th  two concave waves (1). 
2 - Mandibular  compression : compressed dentary, formed by ver- 
tical medial and lateral laminae (0) ; transversely expanded den- 
tary, almost as wide as high, and with a convex lateroventral sur- 
face (1). 
3 - Trends in the variation in the size of the post-caniniform den- 
tary teeth : homodonty, same size along the dentary tooth row 
(0); heterodonty, waves of variat ion of teeth size along the denta- 
ry (1). 
4 - Posterior development of the dentary : the dentary extends 
posteriorly at  the same height than  the tooth row (0) ; a dorsal 
prolongation of the dentary ascends behind the tooth row (1). 
5 - Lateral  surface of the dentary :without a longitudinal depres- 
sion (0) ; presence of a longitudinal depression (1). This caracter 
does not concern the sculpture of the bone. 
6 - Meckelian canal : deep and expanded dorsoventrally, exten- 
ding anteriorly, without constriction, almost to the central area 
of the symphysis (0) ; narrow and shallow in the post-symphysial 
region (1). 
7 - SpleniaI posteriorly to the symphysial area : thin (0) ; presen- 
ce of a medial thickening of the dorsal half  of splenial, which 
becomes broad and robust posterior to the symphysis (1). 
8 - Foramen intramandibular is  oralis : small or absent (0) ; big 
slot-like foramen (1). 
9 - Ventral exposition of splenials : the splenial bends ventrally 
to meet  the dentary, forming par t  of the ventral  border of the 
mandibular  ramus (0) ; the splenial is attached to the medial face 
of dentary, and remains almost unexposed in ventral  view (1). 
10 - Anterior process of the surangular  : long, slender, and nar- 
row (0) ; short  and robust (1). 
11 - Edge of the tooth crown : serrated, with meso-distal series of 
isolated denticles (Legasa et al. 1994) (0) ; smooth (1). 
12 - Shape of the tooth crown : compressed (0) ; conical (1) 
13 - Base of the tooth crowns : continuous with the root (0) ; 
constricted (1). 
14 - Orientation of the glenoid fossa of the articular : transverse 
(0) ; antero-posteriorly enlarged (1). 
15 - Tooth row in dorsal view : straight (0) ; sigmoidal (1). 
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