
palevolcomptes  rendus

2022  21  25

 Palaeobiology and palaeobiogeogra
ph

y 
of

 a
m

p
h

ib
ia

ns
 a

nd re
ptiles — Jean-Claude Rage —



Comptes Rendus Palevol est une revue en flux continu publiée par les Publications scientifiques du Muséum, Paris et l’Académie des sciences, Paris
Comptes Rendus Palevol is a fast track journal published by the Museum Science Press, Paris and the Académie des sciences, Paris

Les Publications scientifiques du Muséum publient aussi  / The Museum Science Press also publish: 
Adansonia, Geodiversitas, Zoosystema, Anthropozoologica, European Journal of Taxonomy, Naturae, Cryptogamie sous-sections Algologie, Bryologie, Mycologie.

L’Académie des sciences publie aussi / The Académie des sciences also publishes: 
Comptes Rendus Mathématique, Comptes Rendus Physique, Comptes Rendus Mécanique, Comptes Rendus Chimie, Comptes Rendus Géoscience, Comptes 
Rendus Biologies.

Diffusion – Publications scientifiques Muséum national d’Histoire naturelle 
CP 41 – 57 rue Cuvier F-75231 Paris cedex 05 (France) 
Tél. : 33 (0)1 40 79 48 05 / Fax : 33 (0)1 40 79 38 40 
diff.pub@mnhn.fr / https://sciencepress.mnhn.fr

Académie des sciences, Institut de France, 23 quai de Conti, 75006 Paris.

© This article is licensed under the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/)
ISSN (imprimé / print) : 1631-0683/ ISSN (électronique / electronic) : 1777-571X

Directeurs de la publication / Publication directors :  
Bruno David, Président du Muséum national d’Histoire naturelle
Étienne Ghys, Secrétaire perpétuel de l’Académie des sciences

Rédacteurs en chef / Editors-in-chief : Michel Laurin (CNRS), Philippe Taquet (Académie des sciences)

Assistante de rédaction / Assistant editor : Adenise Lopes (Académie des sciences ; cr-palevol@academie-sciences.fr)

Mise en page / Page layout : Audrina Neveu  (Muséum national d’Histoire naturelle ; audrina.neveu@mnhn.fr)

Révisions linguistiques des textes anglais / English language revisions : Kevin Padian (University of California at Berkeley)

Rédacteurs associés / Associate editors :

Micropaléontologie/Micropalaeontology 
Maria Rose Petrizzo (Università di Milano, Milano) 

Paléobotanique/Palaeobotany
Cyrille Prestianni (Royal Belgian Institute of Natural Sciences, Brussels)

Métazoaires/Metazoa 
Annalisa Ferretti (Università di Modena e Reggio Emilia, Modena)

Paléoichthyologie/Palaeoichthyology
Philippe Janvier (Muséum national d’Histoire naturelle, Académie des sciences, Paris) 

Amniotes du Mésozoïque/Mesozoic amniotes 
Hans-Dieter Sues (Smithsonian National Museum of Natural History, Washington)

Tortues/Turtles
Juliana Sterli (CONICET, Museo Paleontológico Egidio Feruglio, Trelew) 

Lépidosauromorphes/Lepidosauromorphs
Hussam Zaher (Universidade de São Paulo)

Oiseaux/Birds
Eric Buffetaut (CNRS, École Normale Supérieure, Paris)

Paléomammalogie (mammifères de moyenne et grande taille)/Palaeomammalogy (large and mid-sized mammals) 
Lorenzo Rook (Università degli Studi di Firenze, Firenze)

Paléomammalogie (petits mammifères sauf Euarchontoglires)/Palaeomammalogy (small mammals except for Euarchontoglires) 
Robert Asher (Cambridge University, Cambridge)

Paléomammalogie (Euarchontoglires)/Palaeomammalogy (Euarchontoglires)
K. Christopher Beard (University of Kansas, Lawrence)

Paléoanthropologie/Palaeoanthropology
Roberto Macchiarelli (Université de Poitiers, Poitiers)

Archéologie préhistorique/Prehistoric archaeology 
Marcel Otte (Université de Liège, Liège)

Rédactrice invitée / Guest editor (*, took charge of the editorial process of the article/a pris en charge le suivi éditorial de l’article) :
Nathalie Bardet*

Référés / Reviewers : https://sciencepress.mnhn.fr/fr/periodiques/comptes-rendus-palevol/referes-du-journal

Couverture / Cover : 
Made from the Figures of the article.

Comptes Rendus Palevol est indexé dans / Comptes Rendus Palevol is indexed by: 
	 – Cambridge Scientific Abstracts
	 – Current Contents® Physical
	 – Chemical, and Earth Sciences®

	 – ISI Alerting Services®

	 – Geoabstracts, Geobase, Georef, Inspec, Pascal
	 – Science Citation Index®, Science Citation Index Expanded®

	 – Scopus®.

Les articles ainsi que les nouveautés nomenclaturales publiés dans Comptes Rendus Palevol sont référencés par / 
Articles and nomenclatural novelties published in Comptes Rendus Palevol are registered on:
	 – ZooBank® (http://zoobank.org)

http://www.adansonia.com
http://www.geodiversitas.com
http://www.zoosystema.com
http://www.anthropozoologica.com
http://www.europeanjournaloftaxonomy.eu
http://www.revue-naturae.fr
http://cryptogamie.com/algologie
http://cryptogamie.com/bryologie
http://cryptogamie.com/mycologie
https://comptes-rendus.academie-sciences.fr/mathematique
https://comptes-rendus.academie-sciences.fr/physique
https://comptes-rendus.academie-sciences.fr/mecanique
https://comptes-rendus.academie-sciences.fr/chimie
https://comptes-rendus.academie-sciences.fr/geoscience
https://comptes-rendus.academie-sciences.fr/biologies
https://comptes-rendus.academie-sciences.fr/biologies
mailto:diff.pub@mnhn.fr
http://sciencepress.mnhn.fr
https://creativecommons.org/licenses/by/4.0/
mailto:cr-palevol@academie-sciences.fr
mailto:audrina.neveu@mnhn.fr
https://sciencepress.mnhn.fr/fr/periodiques/comptes-rendus-palevol/referes-du-journal


511COMPTES RENDUS PALEVOL • 2022 • 21 (25) © Publications scientifiques du Muséum et/and Académie des sciences, Paris. 	 www.cr-palevol.fr

Marc Louis AUGÉ
Centre de Recherche en Paléontologie de Paris (CR2P), UMR 7207 CNRS-MNHN-SU, 

Département Origines et Évolution, Muséum national d'Histoire naturelle, 
 CP38, 75 rue Cuvier, F-75005 Paris (France)

marc.louis.ed.auge@gmail.com

Annelise FOLIE 
Institut royal des Sciences naturelles de Belgique, Service Scientifique du Patrimoine,

 29 rue Vautier, B-1000 Bruxelles (Belgium)
annelise.folie@naturalsciences.be (corresponding author)

Richard SMITH
Institut royal des Sciences naturelles de Belgique, Direction opérationnelle Terre

 et Histoire de la Vie, 29 rue Vautier, B-1000 Bruxelles (Belgium)
richardsmithpal@hotmail.com 

Alain PHÉLIZON
Société d’Étude des Sciences Naturelles de Reims,

 122 bis rue du Barbâtre, 51100 Reims (France)
alain.phelizon@orange.fr

Paul GIGASE†
Prins Albertlei 15, box 11, 2600 Berchem (Belgium)

Thierry SMITH
Institut royal des Sciences naturelles de Belgique, Direction opérationnelle Terre 

 et Histoire de la Vie, 29 rue Vautier, B-1000 Bruxelles (Belgium) 
thierry.smith@naturalsciences.be

Submitted on 7 March 2019 | Accepted on 23 March 2021 | Published on 2 August 2022

Revision of the oldest varanid, Saniwa orsmaelensis Dollo, 
1923, from the earliest Eocene of northwest Europe

urn:lsid:zoobank.org:pub:1BDC59E6-C9BC-4596-98A0-F6E63F862679

Augé M. L., Folie A., Smith R., Phélizon A., Gigase P. & Smith T. 2022. — Revision of the oldest varanid, Saniwa 
orsmaelensis Dollo, 1923,from the earliest Eocene of northwest Europe, in Folie A., Buffetaut E., Bardet N., Hous-
saye A., Gheerbrant E. & Laurin M. (eds), Palaeobiology and palaeobiogeography of amphibians and reptiles: An hom-
age to Jean-Claude Rage. Comptes Rendus Palevol 21 (25): 511-529. https://doi.org/10.5852/cr-palevol2022v21a25

ABSTRACT
Saniwa is an extinct genus of varanid squamate from the Eocene of North America and Europe. 
Up to now, only one poorly known species, Saniwa orsmaelensis Dollo, 1923, has been reported from 
Europe. Diagnostic material was limited to vertebrae with only preliminary description and no figure 
provided, except of one dorsal vertebra that was designated as the lectotype. New specimens from the 
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earliest Eocene of Dormaal, Belgium and Le Quesnoy, France, including recently recovered skull ma-
terial, are described and illustrated here. These fossils representing the oldest varanid squamate allow 
further comparisons with the type species, Saniwa ensidens Leidy, 1870, from the early and middle 
Eocene of North America and to propose a new diagnosis for S. orsmaelensis. Its arrival in Europe is 
probably linked to rapid environmental changes around the Paleocene Eocene Thermal Maximum 
(PETM). The occurrence of S. orsmaelensis is restricted to the early Eocene of northwest Europe and 
paleogeographic considerations regarding the distribution of the genus Saniwa Leidy, 1870 suggest 
an Asian origin, but an African origin cannot be completely excluded.

RÉSUMÉ
Révision du plus ancien varanidé, Saniwa orsmaelensis Dollo, 1923, de l’Éocène basal du Nord-Ouest 
de l’Europe.
Saniwa est un genre éteint de squamate varanidé de l’Éocène européen et nord-américain. Jusqu’à 
maintenant, seule une espèce, Saniwa orsmaelensis Dollo, 1923 était rapportée en Europe. Le matériel 
diagnostique était limité à des vertèbres, décrites assez brièvement et non figurées, à l’exception d’une 
vertèbre dorsale, désignée comme lectotype. De nouveaux spécimens de l’Éocène basal de Dormaal, 
Belgique et Le Quesnoy, France, incluant des restes crâniens sont décrits et illustrés dans cet article. 
Ces fossiles qui représentent le plus ancien squamate varanidé permettent de nouvelles comparaisons 
avec l’espèce-type Saniwa ensidens Leidy, 1870, de l’Éocène moyen d’Amérique du Nord ainsi qu’une 
nouvelle diagnose de S. orsmaelensis. Son arrivée en Europe est probablement liée aux rapides chan-
gements environnementaux aux alentours du Maximum Thermique Paléocene Éocène (PETM). La 
présence de S. orsmaelensis est limitée à l’Éocène inférieur du nord-ouest de l’Europe et les considéra-
tions paléogéographiques liées à la distribution du genre Saniwa Leidy, 1870 suggèrent une origine 
asiatique, bien qu’une origine africaine ne puisse être complètement exclue.

INTRODUCTION

The genus Saniwa Leidy, 1870 is an Eocene varanid mainly 
known from the North American fossil record. The type species 
Saniwa ensidens Leidy, 1870 was originally described from the 
Bridger Formation of Sweetwater County, Wyoming. The type 
specimen of that species, USNM 2185, a disarticulated partial 
skeleton, came from the middle Eocene and was thoroughly 
reviewed by Gilmore (1922, 1928) and Estes (1983). Some 
years ago, Rieppel & Grande (2007) described a beautifully 
preserved complete articulated skeleton of S. ensidens from 
the late early Eocene of Green River Formation, Wyoming. 
Subsequently, Conrad et al. (2008) used these new data in a 
cladistic analysis of S. ensidens and of varanid relationships more 
generally. Finally, Smith et al. (2018) presented new data on 
the morphology of the pineal complex of this squamate based 
on two isolated parietal bones from the Bridger Formation. At 
present, Saniwa is widely regarded as the sister taxon to crown 
Varanus Merrem, 1820 (e.g. Pregill et al. 1986; Conrad et al. 
2008, 2012), closing a long debate on the phylogenetic position 
of this genus; formerly Gilmore (1922, 1928), Camp (1923) 
and McDowell & Bogert (1954) placed the genus Saniwa 
in its own subfamily Saniwinae Camp, 1923. Following the 
recent work of Augé & Guével (2018) based on a matrix of 
27 taxa and 21 vertebral characters, the assignment of Saniwa 
to Varanidae (sensu Estes et al. 1988) is supported by three 
synapomorphies: cotyle and condyle strongly expanded laterally; 
presence of more than eight cervical vertebrae; and on caudal 
vertebrae, chevrons are anterior to the posteroventral margin 
of the centrum. Moreover, Saniwa, Varanus griseus (Daudin, 

1803), and V. exanthematicus (Bosc, 1792) form a clade sup-
ported by five synapomorphies (Augé & Guével 2018).

Over the years, numerous species have been named in the 
genus Saniwa, most based on vertebrae from North American 
localities (see Gilmore 1928; Hecht & Hoffstetter 1962; Estes 
1983; Conrad 2008). Affinities of these vertebrae with the genus 
Saniwa are immediately indicated by their tapering centra with 
expanded condylar ends whose articular surface is invisible from 
ventral view and the presence of rudimentary zygosphene and 
zygantrum. According to Gilmore (1928) and Estes (1983), the 
differences from S. ensidens are mostly based on absolute size and 
minor variations in vertebral morphology. Moreover, the type 
specimens of S. brooksi Brattstrom, 1955, S. crassa (Marsh, 1872), 
S. grandis (Marsh, 1872), and S. paucidens (Marsh, 1872) are not 
sufficiently preserved for specific diagnosis. Rieppel & Grande 
(2007) considered these purported species as junior synonyms 
of S. ensidens. Finally, Smith (2006) described cranial material 
(dentary, parietal) from the late Eocene of North Dakota and 
named the new species Saniwa edura Smith, 2006 which may 
be the youngest definite record of varanid squamates in North 
America (Estes 1983; Sullivan & Holman 1996; Smith 2006).

Four purported members of the genus Saniwa have been 
recognized outside North America. Saniwa orsmaelensis Dollo, 
1923 was originally described by Dollo (1923), based on dorsal 
vertebrae from the earliest Eocene of Dormaal, Belgium (MP7; 
Fig. 1). Stritzke (1983) described and named the species Saniwa 
feisti Stritzke, 1983 from a nearly complete skeleton preserved 
in the Messel shales (Germany, middle Eocene, MP11) but 
recurrent doubts have been expressed about the referral of this 
fossil (e.g. Augé 2005; Conrad et al. 2008). Recently, Smith 
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et al. (2018) proposed the new combination Necrosaurus feisti 
(Stritzke, 1983), although Georgalis (2017) considered that this 
species could eventually pertain to the genus Palaeovaranus Zittel, 
1887-1890. Ameghino (1899) named Saniwa australis Amegh-
ino, 1899 on the basis of specimens from the Lower Miocene 
of Argentina (Santa Cruz beds), but the South American taxon 
turned out to be a nomen dubium because the fossils have never 
been figured or revised and are now considered lost (Báez & 
de Gasparini 1977; Estes 1983). In Asia, vertebrae from the 
Eocene of Kyrgyzstan have been referred to as ?Saniwa (Averi-
anov & Danilov 1997); however, according to Conrad (2008), 
they lack varanid characters and are of little diagnostic value.

Estes (1983) gave a summary of the taxonomic status of 
S. orsmaelensis. He regarded this species as not different from 
S. ensidens and possibly representing a brief Eocene dispersal of 
S. ensidens in Europe, while the two continents were connected. 
Studies have long been hampered by the lack of diagnostic 
material (it consisted mainly of vertebrae) and because no 
adequate figures have been given nor a type chosen (Godinot 
et al. 1978). Hecht & Hoffstetter (1962) described and com-
pared some specimens of S. orsmaelensis with S. ensidens but 
no figure was provided. Hoffstetter (1968: fig. 2) figured the 
specimen IRSNB R 298 from the original material of Dollo 
and Estes (1983) designated it as a lectotype. Afterwards Augé 
(1990a, b) revised some specimens of the type locality and 
from other early Eocene localities (Condé-en-Brie, Mutigny, 
MP8+9, France) and Augé (2005) proposed a diagnosis for 
S. orsmaelensis, exclusively based on vertebral morphology. 

Here we describe and figure vertebrae, an incomplete 
maxilla, and a femur mentioned by Dollo (1923), a dentary 
and a humerus mentioned by Hecht & Hoffstetter (1962), 
and new vertebrae from Dormaal, Belgium, the type locality 
of S. orsmaelensis. We also report vertebrae, a dentary, and a 
parietal recently recovered from the locality of Le Quesnoy, 
Paris Basin, France (early Eocene, MP7; Nel et al. 1999; 
Fig. 1) that we also refer to S. orsmaelensis. 

Abbreviations

Institutions
CB	 Condé-en-Brie collection;
FMNH PR 	 Field Museum of Natural History (Chicago, IL); 
IRSNB	 Institut royal des Sciences naturelles de Belgique,  
	 Brussels;
MNHN 	 Muséum national d’Histoire naturelle, Paris;
MRAC 	 Musée royal de l’Afrique Centrale, Tervuren; 
MU	 Mutigny collection;
PTRM 	 Pioneer Trails Regional Museum (Bowman, ND);
QNY	 Le Quesnoy collection; 
R	 fossil Reptilia collection;
USNM 	 United States National Museum (now National  
	 Museum of Natural History; Smithsonian Institution;  
	 Washington, DC); 
YPM VP 	 Yale Peabody Museum of Natural History, New Haven,  
	 CT, Vertebrate Paleontology collections.

Other abbreviations 
MP	 reference-level of the mammalian biochronological  
	 scale for the European Paleogene. BiochromM’97; 
PETM	 Paleocene Eocene Thermal Maximum.

SYSTEMATIC PALEONTOLOGY

Order SQUAMATA Oppel, 1811 
Suborder ANGUIMORPHA Fürbringer, 1900 

Superfamily Varanoidea Gray, 1827 
Family Varanidae Gray, 1827

Genus Saniwa Leidy, 1870

Type species. — Saniwa ensidens Leidy, 1870 by original designation.

Saniwa orsmaelensis Dollo, 1923 

Lectotype. — IRSNB R 298, dorsal vertebra (Hoffstetter 1968: 
fig. 2; Estes 1983: fig. 48D; Molnar 2004: fig. 2.11).

Type locality. — Dormaal, Flemish Brabant, Belgium, earliest 
Eocene, MP7.

Referred material. — Dormaal (MP7). IRSNB: 2 incomplete left 
maxillae, IRSNB R 393, Vert-8818-01; 2 incomplete left dentaries, 
IRSNB R 394; 3 fragmentary jaws, Vert-20681-03, Vert-20681-04, 
Vert-20681-05; 7 dorsal vertebrae, IRSNB R 116, IRSNB R 395, 
Vert-8737-04, Vert-8793-05, Vert-8818-03, Vert-16786-13, Vert-
20681-02; 15 caudal vertebrae, IRSNB R 115, IRSNB R 396, IRSNB 
R 397, Vert-8685-01, Vert-8685-02, Vert-8818-04, Vert-8818-05, 
Vert-16786-14, Vert-16786-15, Vert-16786-16, Vert-20681-06; 
Vert-20237-05, Vert-20237-07, Vert-20237-08, Vert-20237-09; 
19 dorsal vertebrae and 17 caudal vertebrae (unnumbered from col
lection P. Gigase); three anterior dorsal vertebrae, 23 dorsal vertebrae 
and 35 caudal vertebrae (unnumbered from collection R. Smith); 
one incomplete right humerus, IRSNB R 398; one femur, IRSNB 
R 69; one incomplete ilium?, Vert-16786-11. 

Fig. 1. — Map showing early Eocene (MP7) localities that have yielded squa-
mate fossils in western Europe. The stars indicate localities that have yielded 
Saniwa Leidy, 1870 remains. The presence of Saniwa is restricted to the Northern 
Province as opposed to the Meridional Province (see Marandat et al. 2012).

FRANCE

BELGIUM

SWITZERLAND

SPAINPORTUGAL

Sotteville-sur-Mer

Dormaal

Le Quesnoy

Palette

Meudon

Rians
Fordonnes

Silveirinha40

50 W

0 10 S



514 COMPTES RENDUS PALEVOL • 2022 • 21 (25) 

Augé M. L. et al.

Erquelinnes-Jeumont (MP7), IRSNB: four dorsal vertebrae Vert-
6433-01, Vert-6433-02, Vert-6433-03, Vert-6433-04.
Le Quesnoy (MP7): 15 dorsal vertebrae, MNHN.F.QNY1.1152a-
i, MNHN.F.QNY2.1155a-e, MNHN.F.QNY2.1158; 14 caudal 
vertebrae, MNHN.F.QNY1.1153a-f, MNHN.F.QNY2.1154, 
MNHN.F.QNY2.1156a-g) and tentatively 1 parietal, 
MNHN.F.QNY2.1157.

Emended diagnosis. — Differs from the genus Varanus in having 
a pseudozygosphene-pseudozygantrum complex on dorsal vertebrae 
and postzygapophyses aligned with the neural arch; differs from 
Varanus and Saniwa ensidens in having the supradental table of 
the maxilla that bears four teeth behind the last labial foramen; 
differs from Saniwa ensidens and S. edura by lateral margins of 
the parietal table not upturned; differs further from S. ensidens in 
having a parietal table narrower, parietal foramen surrounded by 
an ovoid-circular raised ridge, presence of a single pineal foramen 
(the parietal foramen); differs from Saniwa edura in having a rather 
smooth parietal table, and many closely spaced basal infoldings 
present on tooth bases.

Description

Skull and mandible
Maxilla (Fig. 2). Specimen IRSNB R 393 (lot 8737 in Hecht & 
Hoffstetter 1962) is an incomplete right maxilla briefly described 
by Dollo (1923). The anterior part and nearly all the facial 
process are lacking. However, the posterior part of the bone 
is complete and indicates that it was slender. Hecht & Hoff-
stetter (1962: 10) have already carefully described this fossil 
but they did not provide figure. Although partially preserved, 
this maxilla shows relevant morphologic characters. In labial 
view, the external surface of the maxilla is unsculptured. Three 
labial foramina are aligned on the ventral edge of the maxilla, 
the last foramen (at the level of the fifth tooth position from 
the rear) is by far the largest. These foramina are located in 
a shallow, mesiodistally directed concavity. The ventral edge 
of the maxilla is slightly eroded anteriorly (mostly at the level 
of the seventh tooth position from the rear). Medially, the 
supradental table (sensu Rage & Augé 2010) forms an obtuse 
ventral angle with the lateral wall, and no sulcus dentalis (dental 
gutter) is present. Eight tooth positions are preserved, the five 
most posterior teeth are almost complete and are posteriorly 
decreasing in size. The sub-pleurodont teeth are mediolater-
ally compressed, pointed, posteriorly recurved and their bases 
are enlarged. Mesio-distal keels very likely developed but are 
now eroded. All teeth have basoapical striae that betrayed the 
presence of plicidentine.

The dorsal surface of the supradental table bears a large 
maxillary foramen at the level of the fifth tooth from the rear. 
Posteriorly there is a shallow, wide concavity without any fur-
row for the contact with the jugal. The posterior extremity of 
the maxilla is posterolaterally directed, rounded with a slight 
step behind the last tooth. 

Dentary (Fig. 3). Specimen IRSNB R 394 from Dormaal 
consists of the anterior part of an incomplete left dentary 
which is broken just behind the ninth tooth position. All the 
teeth are broken off and only two tooth bases (seventh and 

ninth) are visible. As preserved, this dentary is lightly built, 
elongated and shallow as in most extant Varanus species. 

The labial surface of the dentary is slightly convex and bears 
six irregularly spaced labial foramina, the first at the level of 
the boundary between the first and second tooth. Anteriorly, 
the dentary curves somewhat medially.

In lingual view, the Meckelian groove is open; its anterior 
part is a shallow sulcus that faces only ventrally, curving to 
the mandibular symphysis. Behind the fourth tooth position 
it becomes posteriorly wider and opens ventrolingually. The 
mandibular septum is not observable because the posterior 
part of the dentary is broken. The medial rim of the subdental 
table (surface inclined in cross section and extending as far as 
the dental crest sensu Rage & Augé 2010) is crescentic, this 
concavity is widely present among anguimorph squamates 
(Estes 1964). Medial to the tooth bases, no subdental shelf 
or sulcus dentalis are present and a subrounded surface forms 
the upper margin of the Meckelian groove.

On the poorly preserved tooth base of the seventh tooth, 
many closely spaced basal infoldings are present and these 
longitudinal striations are interpreted as an indication of 
the presence of plicidentine (Odermatt 1940; Bullet 1942; 
Caldwell 2003). This base is expanded and shows that the 
tooth attachment in this specimen is of the “subpleuro-
dont type” or “fully pleurodont” as defined by Zaher & 
Rieppel (1999).

Comparisons. All characters of the dentary and maxilla 
(overall morphology, subpleurodont implantation of the 
teeth, basal infoldings, plicidentine), caniniform morphol-
ogy of the teeth) support platynotan, more precisely varanid 
relationships. Hecht & Hoffstetter (1962) expressed doubts 
about the referral to Saniwa and they did not exclude a 
possible referral to Palaeovaranus (previously Necrosaurus 
sensu Georgalis, 2017), e.g. by the presence of four teeth 
behind the maxilla foramen. However, at present the teeth 
of Palaeovaranus from Dormaal are known (from two un
described dentaries) and their morphology differ significantly 
from that of Saniwa.

Hecht & Hoffstetter (1962) pointed out the varanid features 
present in the maxilla IRSNB R 393: teeth sub-pleurodont, 
caniniform with development of plicidentine on their bases; 
enlargement of the last labial foramen such as in Varanus 
salvator (Dollo, 1923). However, Hecht & Hoffstetter (1962) 
also noted a character that distinguishes this maxilla from 
those of extant varanids (genus Varanus): the supradental table 
hosts four teeth behind the last labial foramen while in the 
genus Varanus only one or two teeth are present behind this 
foramen. In other words, the posterior part of this maxilla 
extended well below the orbit, in contrast with the maxilla 
of extant varanids that is excluded from the orbit. This ple-
siomorphic feature also appears in S. ensidens in which five 
teeth are present after the last labial foramen (Dollo 1923), 
and Gilmore (1922, 1928), Estes (1983: 184), Rieppel & 
Grande (2007) confirmed the presence of a long posterior 
(zygomatic) process of the maxilla in S. ensidens, which under-
lies the orbit with the last two or three teeth in a suborbital 
position, a plesiomorphic condition that is universally absent 
in Varanus, according to Rieppel & Grande (2007).

http://coldb.mnhn.fr/catalognumber/mnhn/f/qny1.1152
http://coldb.mnhn.fr/catalognumber/mnhn/f/qny2.1158
http://coldb.mnhn.fr/catalognumber/mnhn/f/qny1.1153
http://coldb.mnhn.fr/catalognumber/mnhn/f/qny2.1154
http://coldb.mnhn.fr/catalognumber/mnhn/f/qny2.1157
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Parietal (Fig. 4). Specimen MNHN.F.QNY2.1157 from 
Le Quesnoy, France, is a well-preserved, unpaired bone, 
rectangular and comparatively elongated antero-posteri-
orly (Fig. 4). The extremities of the two anterolateral pro-
cesses and, posteriorly, the two supratemporal processes 
are broken off. 

The dorsal surface of the parietal table bears some traces 
of weathering; otherwise it is fairly smooth except for weak 
striations developed near the parietal foramen. No osteoder-
mal encrustations are present and the lateral margins of the 
parietal table are not upturned. The large parietal foramen 

opens anteriorly on the parietal table, it is not located on the 
fronto-parietal suture (Gilmore 1928; Estes 1983). The pari-
etal foramen is surrounded by a raised ovoid to circular ridge. 
Anteriorly, the frontoparietal suture was not interdigitated 
except for some slight interdigitations near the midline of the 
frontal; inconspicuous anterolateral facets for the articulation 
with the frontal are present.

The lateral margins of the parietal table are concave and 
form descending lateral walls that certainly received the 
pseudotemporalis superficialis muscle, as is also the case in 
Varanus. Posteriorly, the supratemporal processes are broken 

A
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Fig. 2. — A-D, Saniwa orsmaelensis Dollo, 1923, Dormaal, Belgium. Left maxilla, IRSNB R 393, in labial (A), ventral (B), lingual (C), and dorsal (D) views. 
Abbreviations: llf, last lateral foramen; mf, maxillary foramen; pl, plicidentine; st, supradental table. Scale bar: 5 mm. 
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but their bases diverge posterolaterally. Thus, the posterior 
border of the parietal is broadly concave. 

On the ventral side, two weak crests separate the basis 
of the supratemporal processes from the main part of the 
parietal. The deep parietal fossa is located between those 
crests, well behind the parietal foramen. The ventral surface 
is rather smooth except for a strange circular depression in 
the parietal fossa. Because this depression does not open 
on the dorsal side of the parietal and is located well behind 
the parietal foramen, on a midpoint between the parietal 
foramen and the posterior border of the parietal, it could 
likely not represent a pineal foramen (sensu Smith et al. 
2018), whereas the pineal foramen of S. ensidens is located 
just behind the parietal foramen (Smith et al. 2018: fig. 
2B, C). This depression is considered here to represent the 
parietal fossa. A similar structure is observed on a parietal 
of Pseudopus apodus (Pallas, 1775) (Klembara et al. 2017a: 
fig. 17D12; b: fig. 6B) and Ophisaurus manchenioi Blain & 
Bailon, 2019 (Blain & Bailon 2019: fig. 3B).

Comparisons. This parietal closely resembles those of Varanus 
and S. ensidens: temporal muscles originate from the dorsolat-
eral surface of the parietal rather than from the ventral surface, 
leaving a wide amuscular parietal table; deep posterior pari-
etal fossa; ventral ridges moderately developed; osteoderms 
reduced or absent; anterior position of the parietal foramen; 
general morphology of the bone (McDowell & Bogert 1954; 
Pregill et al. 1986). According to Evans (2008), the parietal 
foramen of Varanus is small, but Mertens (1942) noted signif-
icant ontogenetic variation of the relative size of the parietal 
foramen among the Varanus species . Also, the frontopari-
etal suture is likely simpler in Saniwa and more complex in 
Varanus (Conrad et al. 2008). Recently, Smith et al. (2018) 
described the pineal complex of the parietal of the S. ensidens 
specimens from the Bridger Formation in the Bridger Basin, 
Wyoming, with the presence of a widely open parietal foramen 

and a smaller pineal foramen. This complex is unfortunately 
not observable on specimen FMNH PR2378 of S. ensidens 
from Green River (Rieppel & Grande 2007) or on specimen 
PTRM 5380 of S. edura (Smith, 2006). However, similarities 
can be noted between the parietal MNHN.F.QNY2.1157 of 
S. orsmaelensis (Fig. 4) and that of the type specimen USNM 
2185 of S. ensidens (Gilmore 1922: pl. 9, fig. 11). Indeed, 
anteriorly, the shape and location of the pineal foramen, the 
width of the parietal between the crests and the posterior 
border of the bone (concave anteriorly and forming a large 
notch) are very similar. The pineal foramen is described as 
being on the fronto-parietal suture. However, because the 
parietal of S. ensidens is not complete anteriorly, we cannot 
be sure of this, and specimen FMNH PR2378 described by 
Rieppel & Grande (2007) confirms that the pineal foramen 
is well enclosed in the parietal. The two bones differ by the 
extension of the parietal processes, which are more laterally 
expended on S. ensidens than on S. orsmaelensis.

Vertebrae 
Dorsal vertebrae (Fig. 5). Vertebrae are procoelous with 
roughly triangular, tapering centra, condyles and cotyles oval, 
laterally expanded and with a flange. The articular surface of 
the condylar ball is directed dorsally, and the condylar surface 
is scarcely apparent in ventral view. This situation appears 
reversed for the cotyle. 

In dorsal view, the neural arch is slanting anteriorly with 
the presence of anterior pars tectiformis. A weak midline keel 
runs along the neural arch, but it does not reach the anterior 
margin of the vertebra. Its posterior end is flared and mark-
edly taller than the anterior end, forming the neural spine 
when preserved. Hence the neural spine is, at best, moderately 
antero-posteriorly elongated.

The prezygapopyseal facets form an angle of about 40 degrees 
with the horizontal plane. The anterior aspect of the neu-
ral arch presents a pair of rudimentary inclined elevations. 
Clearly, they do not possess articular facets and they can-
not be considered real zygosphenes. As Albino & Brizuela 
(2014) recognized, there is no zygosphenal articulation 
in Anguidae and more generally in extant Anguimorpha. 
This structure is not homologous to the zygosphene and 
it is called pseudozygosphene, according to Hoffstetter & 
Gasc (1969) (for additional comments on zygosphenes see 
Albino & Brizuela 2014). Pseudozygantrum is only variably 
present at the rear of the vertebra.

In lateral view, the synapophyseal facets are approximately 
vertical and they extend the entire height of the centrum.

In ventral view, a precondylar constriction is visible at the 
rear of the centrum. This constriction is less developed than 
on the dorsal vertebrae of S. ensidens (see Gilmore 1928). 
The ventral aspect of the centrum is smooth (without ridges) 
and slightly convex transversely. Pregill et al. (1986) noted 
that a marked precondylar constriction of the vertebrae is an 
autapomorphic feature of the Varanus lineage because this 
constriction is very weak or absent in Lanthanotus Stein-
dachner, 1877 and Heloderma Wiegmann, 1829 and absent 
in Palaeovaranidae (Rage, 1978).

A
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pl

Fig. 3. — A-C, Saniwa orsmaelensis Dollo, 1923, Dormaal, Belgium. Left dentary 
fragment, IRSNB R 394, in lingual (A), labial (B), and dorsal (C) views. Abbre-
viation: pl, plicidentine. Scale bar: 5 mm.
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Caudal vertebrae (Fig. 6). The centrum is rather elon-
gated and narrow, there is no trace of autotomic septum 
and the cotyle and condyle are, as on the dorsal vertebrae, 
oval (dorsoventrally flattened). In lateral view, the verte-
brae only preserve the dorsoventrally flattened bases of 
the transverse processes (one per side) that are attached 
to the anterior fourth of the centrum. In dorsal view, the 
prezygapophyseal facets are oval and project beyond the 
lateral margins of the neural arch. Between them, there is 
no evidence of a pseudozygosphene. No striae are present 
on the neural arch. The neural spine of a caudal vertebra 
from Dormaal (specimen IRSNB R 397, Fig. 6H) is pre-
served. It is moderately high and rather antero-posteriorly 
extended but it does not reach the anterior margin of the 
vertebra. Its anterior margin is somewhat concave and its 
posterior margin slants posterodorsally. In ventral view, a 
pair of short articular protuberances located on the poste-
rior third of the ventral surface of the centrum indicates 
the point of articulation of the chevron bones. A ridge runs 
anteriorly from the base of each protuberances and a median 
concavity occupies the space between the two ridges. As in 
S. ensidens, the precondylar constriction is less developed 
than on dorsal vertebrae.

Comparisons. These vertebrae present anguimorph characters 
such as a smooth ventral surface of the centrum, synapophyses 
nearly vertical and hemicylindrical, and two keels on the 
ventral face of the centrum of the caudal vertebrae (Augé & 
Guevel 2018). Moreover, the general morphology of the 
vertebrae resembles those of extant varanids by the following 
characters: presence of a single pair of postero-laterally ori-
ented transverse processes placed in the anterior part of the 
centrum and absence of an autotomic plane, orientation of 
the cotyle and condyle are of characteristic varanid form (e.g. 
posterior retraction of the ventral rim of the cotyle) and the 
well developed chevron facets just anterior to the posterior 
margin of the centrum on caudal vertebrae (Etheridge 1967; 
Augé & Guevel 2018). This last character would be a synapo-
morphy of the Varanidae (Augé & Guevel 2018). Additional 
similarities to varanid taxa are the anteriorly depressed neural 
arch (pars tectiformis), presence of a distinct precondylar 
constriction, and absence of a median ventral ridge on the 
dorsal vertebrae. These two last features also occur in the 
agamid genus Uromastyx Merrem, 1820 (Hoffstetter & Gasc 
1969; Rage & Augé 2015). However, the caudal vertebrae 
of Uromastyx (present in the European Paleogene, Oligocene 
epoch) as in most agamids are characterized by circular cotyle 

Fig. 4. — A-C, Saniwa orsmaelensis Dollo, 1923, Le Quesnoy, France. Parietal, MNHN.F.QNY2.1157, in posterior (A), dorsal (B), and ventral (C) views. 
Abbreviations: pfr, parietal foramen; pfs, parietal fossa. Scale bar: 5 mm.
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Fig. 5. — Saniwa orsmaelensis Dollo, 1923. Dorsal vertebrae: A-C, Dormaal, Belgium, IRSNB R 298, in anterior (A), dorsal (B) and ventral (C) views; D-F, Dormaal, 
Belgium, IRSNB R 395, in anterior (D), dorsal (E) and ventral views (F); G-I, Le Quesnoy, France, MNHN.F.QNY2.1158, in anterior (G), dorsal (H) and ventral views 
(I); J-L, Le Quesnoy, France, MNHN.F.QNY2.1155a, in anterior (J), dorsal (K) and ventral views (L); M-O, Le Quesnoy, France, MNHN.F.QNY2.1155b, in anterior 
(M), dorsal (N), ventral views (O). Abbreviations: cf, condyle flange; pzo, pseudozygosphene. Scale bar: 5 mm.
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and condyle, devoid of articular surface for the chevron bones, 
and lateral transverse processes are attached to the mid-length 
of the centrum. The main characters that distinguish Saniwa 
from Varanus are the presence of a pseudozygosphene-pseudo-
zygantrum complex on the dorsal vertebrae (e.g. Dollo 1923; 
Rieppel & Grande 2007) and the anterior border of the ver-
tebrae (including the prezygapophyses) which forms a line 
instead of a central notch on Varanus vertebrae (Gilmore 
1928). Moreover, the precondylar constriction is less marked 
than in Varanus. Several authors also indicate that the neural 
spine on the dorsal and caudal vertebrae of Saniwa, which is 
anteroposteriorly well developed and lower than in Varanus, 

is a diagnostic character of Saniwa (Dollo 1923; Estes 1983; 
Rieppel & Grande 2007). However, other authors also indi-
cate that the shape, size and extension of the neural spine are 
changing both along the vertebral column and with ontogeny 
(Gilmore 1928; Rieppel & Grande 2007). This character has 
therefore to be considered with caution. 

Limbs
Humerus (Fig. 7). Specimen IRSNB R 398 is the distal end 
of a right humerus; the ulnar and radial condyles are lacking 
(Fig. 7). The entepicondyle is incomplete but it seems well 
developed and it is set off from the posterior margin of the 

Fig. 6. — Saniwa orsmaelensis Dollo, 1923. Caudal vertebrae: A-D, Dormaal, Belgium, IRSNB R 396, in posterior (A), dorsal (B), ventral (C), and right lateral views 
(D); E-H, Dormaal, Belgium, IRSNB R 397, in posterior (E), dorsal (F), ventral (G), and right lateral views (H); I-L, Le Quesnoy, France, MNHN.F.QNY2.1154, in 
posterior (I), dorsal (J), ventral (K) and right lateral views (L); M-P, Le Quesnoy, France, MNHN.F.QNY2.1156, in posterior (M), dorsal (N), ventral (O) and right 
lateral views (P). Abbreviations: ap, articulation process with the chevron bones; tp, transverse process. Scale bar: 5 mm.
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diaphysis of the humerus. The entepicondylar foramen is 
absent as in S. ensidens. The ectepicondyle is broken but it 
is prolonged distally by a short ascending crest (ectepicon-
dylar crest) which is pierced by an ectepicondylar foramen. 
In ventral view, a large triangular depression is present just 
proximal to the condyles and a small foramen opens on the 
proximal rim of the depression. 

Comparisons. This bone is tentatively referred to S. ors-
maelensis based on size and varanid features. The presence 
of an ectepicondylar crest is consistent with referral of the 
humerus to varanids and more specifically to Saniwa (Lécuru 
1969). In addition, the large triangular depression above 
the condyles, pierced by a small foramen that opens on the 
proximal rim of the depression, is characteristic of varanid 
squamates (Smith 2009). According to Lécuru (1968) and 
Smith (2009) this foramen is observed in nearly all limbed 
squamates, but it is quite reduced or even absent in Varanus. 
Moreover, the absence of an olecranon scar on the dorsal 
side is also considered a varanid feature (Hecht & Hoffstetter 
1962). A potentially conflicting character is the moderately 
laterally projected entepicondyle. Rieppel & Grande (2007) 
and Gilmore (1922, 1928) noted that the entepicondyle is 
more distinctly developed in S. ensidens than in Varanus but it 
is worth noting that the entepicondyle of the specimen from 
Dormaal is incomplete.

Two other large anguimorphans, Palaeovaranus and 
Placosaurus Gervais, 1848, are also present at Dormaal 
(Sullivan et al. 2012), and the morphology of their limbs is 
as yet virtually unknown. Hence the referral of this humerus 
to Saniwa cannot be accepted without reservations. As a 
last point, it could be worth noting that Hoffstetter left a 
manuscript note with the specimen indicating that he refers 
this humerus to S. orsmaelensis.

Femur (Fig. 8). The right femur IRSNB R 69 is 28 mm 
long and is nearly complete (Fig. 8). It lacks only the prox-
imal main condyle (articulating with the acetabulum of the 
pelvis) and the distolateral condyle. It is long, slender and 
sigmoidal. Proximally, the greater trochanter is present and 
well developed. A scar is likely present along the shaft just 
below this latter trochanter. A shallow groove is present dor-
sally between the trochanter and the base of the proximal 
main condyle. The ventral side is smooth. Distally, a small 
rounded medial condyle is preserved. The lateral condyle 
is broken and preserves only its base, which suggests that it 
was oval. Dorsally, a deep groove between the two condyles 
extends perpendicularly to the shaft up to the diaphysis. 
Ventrally, the extremity of the lateral condyle extends and 
forms the base of a rounded crest. The epiphysis is therefore 
triangular in distal view. 

Comparisons. The femur was first mentioned by Dollo (1923), 
who indicated that it presents varanid characters and can be 
attributed to S. orsmaelensis. However, Hecht & Hoffstetter 
(1962) indicated that its systematic attribution should be 
uncertain because it presents affinities with palaeovaranids. 
They also indicated that this bone could be a juvenile without 
epiphyses. None of the authors figured the specimens.

The femur from Dormaal, is very similar to that of Varanus 
niloticus (comparison to specimen MRAC 92-048-R-0038 
from Togo). The specimen from Dormaal is about half the 
size of the recent one but presents the same sigmoid curve 
and the same structures. The lateral distal condyle is more 
distally extended. Some additional crests are developed on the 
recent specimen in lateral view at the level of the epiphyses. 
However, this could be due to erosion of the specimen. Given 
these similarities, we consider the femur IRSNB R 69 part of 
the material attributed to S. orsmaelensis.

Attribution of the material to Saniwa orsmaelensis 
The bones described hereall come from the locality of Dormaal 
and are grouped together based on their individual morpho
logy, their comparable size and proportion. Consequently, 
they are all attributed to a single taxon presenting clear angui-
morph characters. Hecht & Hoffstetter (1962) indicated that 
three large anguimorphs are present in Dormaal: Placosaurus 
(Anguidae; Sullivan et al. 2012), Palaeovaranus (previously 
Necrosaurus, Palaeovaranidae), and Saniwa (Varanidae). Each 
of the bones described here presents varanid characteristics: 
subpleurodont and caniniform teeth presenting plicidentine, 
a large last (posterior) foramen on the maxilla, a single pair 
of transverse processes placed in the anterior part of the 
vertebral centrum, absence of an autotomic plane, cotyle 
visible ventrally, anteriorly depressed neural arch (pars tec-
tiformis), presence of a distinct precondylar constriction, 
absence of a median ventral ridge on dorsal vertebra, well 
developed chevron facets anterior to the posterior margin of 
the centrum on caudal vertebrae, presence of a small ventral 
foramen above the humeral condyle, absence of an olecra-
non scar on the dorsal face of the humerus (Dollo 1923; 
Hecht & Hoffstetter 1962; Etheridge 1967; Smith 2009). 

Fig. 7. — A, B, Saniwa orsmaelensis Dollo, 1923, Dormaal, Belgium. Right dis-
tal humerus, IRSNB R 398, in ventral (A), and dorsal views (B). Abbreviations: 
ent, entepicondyle; ectc, ectepicondylar crest; ectf, ectepicondylar foramen; 
sf, small foramen. Scale bar: 5 mm.
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Referral of the specimens described here to the genus San-
iwa is based on their general similarity to the type species S. 
ensidens: presence of four to five teeth behind the last labial 
foramen, pseudozygosphene-pseudozygantrum complex 
on the dorsal vertebrae, thin anterior end of the dentaries 
(Gilmore 1922; Dollo 1923; Hecht & Hoffstetter 1962). 
The similarities have already been mentioned several times 
in the literature (e.g. Hecht & Hoffstetter 1962; Rieppel & 
Grande 2007) and some authors (e.g. Estes 1983) even 
indicated that the two species could be synonymous with 
the Dormaal specimens representing just a brief incursion 
of S. ensidens in Europe. However, some differences have to 
be noted: the last (posterior) foramen of the maxilla is larger 
than on S. ensidens (Rieppel & Grande 2007: fig. 4 contra 
Fig. 2), presence of four teeth after the large last foramen of 
the maxilla instead of five teeth on S. ensidens (Dollo 1923). 
These differences are weak, especially because the variability 
is unknown and therefore it would not be parsimonious to 
consider the Dormaal taxon a new genus. This is why we 
refer them here to the species Saniwa orsmaelensis. 

Dorsal and caudal vertebrae found at Le Quesnoy pres-
ent the same morphology as the specimens from Dormaal 
(including the presence of a pseudozygosphene-pseudozy-
gantrum complex, see Figs 5; 6). Additionally, the parietal 
also presents varanid characters such as the presence of two 
lateral crests instead of a single sagittal crest (Palaeovaranus 
cayluxi Zittel, 1887 [Augé 2005: fig. 188a]) or a narrow 
extension of the table (“Necrosaurus eucarinatus” Kuhn, 
1940 [Augé 2005: figs 194, 195]) posteriorly (Rage 1978; 
Rage & Augé 2010). Because no other varanid taxa have 
been found at Le Quesnoy, we also attribute this parietal 
and the vertebrae to S. orsmaelensis. 

In addition to these arguments, it has to be noted that Dor-
maal and Le Quesnoy are located in the same geographic area 
corresponding to the southern North Sea Basin (Northwestern 
Europe, Fig. 1) and sedimentary conditions are nearly similar: 
the Dormaal Sands are a series of fluviatile beds, typical of 
the lower part of the Tienen Formation which is very similar 
to the channel deposits of the Sparnacian facies of the Paris 
Basin (Smith & Smith 1996; Steurbaut et al. 1999). Accord-
ing to the paleobotanical association, the Dormaal paleoriver 
system was bordered by warm-temperate to humid subtropical 
forests (Fairon-Demaret & Smith 2002). The Le Quesnoy 
locality exposes a succession of fluvio-lacustrine deposits, 
typical of the Sparnacian facies. They are also indicative of a 
paleoriver system bordered by wet, subtropical forests with 
similar fauna and flora (Nel et al. 1999, 2004; Jacques & 
De Franceschi 2005).

Actually, if we compare the “lizards” (non-ophidian squa-
mates) assemblages from Dormaal and Le Quesnoy, the 
species-poor locality (Le Quesnoy) is a subset of the assem-
blage of Dormaal (all “lizard” species and genera present at 
Le Quesnoy are shared with the assemblage of Dormaal). 
This pattern points to the similarity between the “lizard” 
assemblages from Dormaal and Le Quesnoy. Thus, their dif-
ferences in diversity and abundance mainly reflect differences 
in quantity and exploitation of the fossiliferous substratum. 

As Hecht & Hoffstetter (1962) recognized, the cranial 
elements of Saniwa are difficult to separate from those of 
a purported Varanoidea, the genus Palaeovaranus which is 
present at Dormaal. In contrast, the vertebrae attributed to 
Palaeovaranus or Saniwa are readily distinguishable: the centrum 
of the dorsal vertebrae of Palaeovaranus bears no precondylar 
constriction; in Palaeovaranus, articulations with the chevron 
bones of the caudal vertebrae are in contact with the condyle 
on the ventral side of the centrum and the transverse processes 
are inserted more posteriorly in the centrum than those of 
Saniwa (Rage 1978: fig. 5; Rage & Augé 2015: fig. 3).

Comparisons to skull elements of Palaeovaranus from the 
Eocene of the Phosphorites du Quercy (two species are cur-
rently described, P. cayluxi and P. eucarinatus [Estes 1983; 
Augé 2005]) allow further distinctions between Saniwa 
and Palaeovaranus. 

Despite a similar overall morphology of the dentary of 
S. orsmaelensis and that of Palaeovaranus (e.g. P. cayluxi, Augé 
2005: figs 185, 186), numerous closely spaced basal infoldings 
are present on the tooth base of Saniwa whereas there are 
few, widely spaced striations in Palaeovaranus. The parietal 
of Palaeovaranus presents prominent dermal incrustations 
on the parietal table, which are often represented by oval, 
keeled osteoderms characteristic of the genus. In contrast, 
the parietal of Saniwa is devoid of dermal incrustation. 

Fig. 8. — A-F, Saniwa orsmaelensis Dollo, 1923, Dormaal, Belgium. Right femur, 
IRSNB R 69, in dorsal (A), lateral (B), ventral (C), medial (D), proximal (E) and 
distal (F) views. Abbreviations: gtr, greater trochanter; lc, lateral condyle; mc, 
medial condyle; s, scar. Scale bar: 10 mm.
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A large parietal fossa is present in Palaeovaranus, whereas it 
is less developed in Saniwa. The ventral crests on the ventral 
surface of the parietal are absent or extremely reduced in 
Palaeovaranus. Thus, although the skull elements of Saniwa 
superficially resemble those of Palaeovaranus, the two taxa 
are always distinguishable by several features. Beside this, 
on the caudal vertebrae, the transverse processes are close 
to the condyle, which is not the case for the Palaeovaranus 
vertebrae (Hecht & Hoffstetter 1962), and the condyle and 
cotyle are oval in Saniwa and more rounded in Palaeovara-
nus (Estes 1983).

Although the vertebrae do not bring new information to 
help the characterisation of S. orsmaelensis, it is not the case 
with the parietal, which brings additional data. Indeed, the 
parietal of S. orsmaelensis differs from that of S. ensidens by the 
oval shape of the parietal foramen (instead of a round foramen 
[Rieppel & Grande 2007]), by less laterally extended lateral 
processes (instead of well laterally extended processes [Smith 
et al. 2018]), by the parietal fossa which is more ventrally 
placed (instead of being posteriorly placed [Smith et al. 2018; 
Fig. 4]) and maybe the absence of a pineal foramen (presence 
of the foramen in specimens YPM VP 1074 and 613 from the 
Bridger Formation of Grizzly Buttes in Uinta County [Smith 
et al. 2018]). It resembles S. edura by the shape and size of 
the parietal foramen (Smith et al. 2018) but differs from this 
species by having a less ornamented surface. These differences 
are again too weak to identify a new genus and reinforce the 
validity of the species S. orsmaelensis.

Other material attributed to Saniwa sp.  
in the European early Eocene

Pourcy, early Eocene (MP7), Paris Basin, France: one dorsal 
vertebra, coll. Gigase. 

Condé-en-Brie, early Eocene (MP8+9), Paris Basin, 
France: two caudal vertebrae MNHN.F.CB16459 and 
MNHN.F.CB16458 (Augé 1990b: fig. 12). 

Avenay, early Eocene (MP8+9), fragmentary left dentary, 
collection A. Phelizon, MNHN, unnumbered (Fig. 9). 

Mutigny, early Eocene (MP8+9), Paris Basin, France, two 
caudal vertebrae, MNHN.F.MU17498 (Fig. 10), two sacral 
vertebrae, MNHN.F.MU7909 (Augé 1990a: fig. 2). 

Fossy (Paris Basin, France, MP8+9 or MP10): 1 caudal 
vertebra, collection M. Dion, unnumbered.

The morphology of these specimens (Figs 9; 10) does not 
differ from those of the dentary (Fig. 3) and vertebrae (Figs 5; 6) 
attributed to S. orsmaelensis and described above. However, 
examination of the dentary from Avenay (Fig. 9) reveals an 
interesting feature (tied to the presence of plicidentine). This 
bone is a medial portion of a large dentary preserving six tooth 
positions including two tooth bases. Implantation of the teeth 
are of the subpleurodonte type, as defined above. Their bases 
bear numerous tightly spaced infoldings. Each tooth has a 
large nutrient foramen located near the medial mid-point of 
the base. Their shaft is broken at approximately mid-height of 
the tooth, so the internal cavity of the tooth is exposed, and 
it appears that plicidentine is present in the form of dentine 
lamellae that subdivide the tooth cavity (Bullet 1942; Rieppel 
1979; Maxwell et al. 2011). This kind of structure, visible 
in Varanidae, Helodermatidae Gray, 1837, Lanthanotidae 
Steindachner, 1877 but also in crossopterygians, amphibians, 
ichthyosaurs (Preuschoft et al. 1991), and Synapsida (Laass & 
Schillinger 2020), has likely a functional role to strengthen 
the tooth attachment to the jaws. A study based on snakes 
indicates that it could also increase the flexibility of the tooth 
base and absorb forces during bites (Scanlon & Lee 2002). 

DISCUSSION

Features of Saniwa orsmaelensis

Saniwa orsmaelensis has often been regarded as a junior synonym 
of the type species S. ensidens (see introduction). Augé (1990a, 
2005) listed vertebral characters that allow us to distinguish 
between the two species. These diagnostic features are revised 
here: S. orsmaelensis presents a large maxillary foramen (as 
in Varanus salvator) whereas it is nearly absent in S. ensidens 
(Dollo 1923); four teeth were likely present after the foramen 
whereas five are present on S. ensidens (Dollo 1923); teeth are 
closely spaced on S. orsmaelensis whereas teeth are separated 
on S. ensidens (Dollo 1923); precondylar constriction of the 
dorsal vertebrae are less developed in S. orsmaelenis; trans-
verse processes on the caudal vertebrae of S. orsmaelensis are 
slightly anteriorly projected (see Fig. 6) whereas they attach 
nearly at a right angle to the side of the centrum in S. ensidens 
(Gilmore 1928: fig. 49; Rieppel & Grande 2007: fig. 8). In 
contrast, striae are often present on the neural arch of Varanus 
and S. ensidens (Rieppel & Grande 2007; Smith et al. 2008). 
The newly described parietal and mandibular specimens from 
Dormaal and Le Quesnoy allow further comparisons with 
S. ensidens and exhibit new diagnostic characters, in parti
cular on the parietal. The parietal foramen of S. orsmaelensis 
is surrounded by an ovoid raised ridge whereas its margin is 
smooth (without ridge) in S. ensidens. The lateral margins of 
the parietal table are not upturned in contrast to the lateral 
margins of S. ensidens and S. edura (Smith 2006, 2009; Smith & 

B

A

pl

Fig. 9. — A, B, Saniwa orsmaelensis Dollo, 1923, Avenay, France. Left dentary 
fragment, MNHN, unnumbered, in lingual (A), and labial views (B). Abbreviation: 
pl, plicidentine. Scale bar: 5 mm.
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Gauthier 2013). The proportions of the parietals from the latter 
two species are different from that of S. orsmaelensis. Indeed, 
the parietal of S. ensidens is wider than that of S. orsmaelensis: 
the ratio length/width of the parietal table in S. orsmaelensis 
and S. ensidens (after Rieppel & Grande 2007: fig. 4) are 
respectively 1.75 and 1.20. Although Mertens (1942) noted 
ontogenetic variation of the relative width of the parietal table 
in Varanus, the difference observed here seems too large to be 
attributed to ontogenetic processes. 

Saniwa orsmaelensis was probably close in size to S. ensidens. 
Curiously, Dollo indicated that S. orsmaelensis was probably 
one-third the size of S. ensidens (Dollo 1923: 79). This is 
exaggerated because the dentary of S. ensidens is only slightly 
larger than that of S. orsmaelensis: Gilmore (1928) noted that 
in the holotype of S. ensidens, three dentary teeth take up a 
total of 11.0 mm, whereas in the dentary of S. orsmaelensis, 
three middle dentary teeth take up 9.0 mm (specimens from 
Dormaal and Avenay). The ten most posterior dorsal verte-
brae of the specimen FMNH PR 2378 of S. ensidens with 
a snout-vent length of 420 mm (Rieppel & Grande 2007) 
are 108.9 mm in length (average length of one vertebra is 
10.9 mm). The length of 12 dorsal vertebrae of the holotype 
(USNM 2185) of S. ensidens is 126 mm (Gilmore 1928: 71) 
indicating that the average length of one vertebra is 10.5 mm, 
whereas the average length of dorsal vertebrae of S. orsmaelensis 
from Dormaal and Le Quesnoy is 9.1 mm (greatest length of 
the centrum on the sagittal line of the ventral side, articular 
surface of the condyle excepted).

Several other species have been described in the genus San-
iwa but Rieppel & Grande (2007) considered these species 
junior synonyms of S. ensidens. At the moment, only S. edura 
from the late Eocene of North Dakota (Smith 2006) has not 
been synonymized. This species resembles S. orsmaelensis by 
the oval shape and size of the parietal foramen. However, it 
differs from S. orsmaelensis by the dorsal surface of its parietal, 
which is very rugose; the lateral margins of the parietal table 
are upturned; the frontoparietal suture is weakly convex ante-
riorly; the presence of coarse and discontinuously expressed 
infoldings along the tooth base; the ventral border of the 
dentary is more dorso-ventrally curved.

Paleobiogeographic considerations

The genus Saniwa is currently considered a sister-group of 
Varanus to the exclusion of all other anguimorphs (e.g. Pregill 
et al. 1986; Conrad et al. 2008).

In Europe, the genus Saniwa first occurs in the earliest 
Eocene (MP7) and persists until the late early Eocene (MP8+9 
or MP10). Saniwa has no close relatives in the European 
Paleogene and this absence argues for its appearance in Europe 
by immigration (to be fair, few European localities from the 
late Paleocene are known, namely Cernay-lès-Reims-Berru, 
Montchenot, and Rivecourt-Petit Pâtis (Russell 1964; Jehle 
et al. 2012; Smith et al. 2014). Hence, S. orsmaelensis is the 
only evidence of the brief incursion of varanid squamates 
in Europe during the Paleogene. It is worth noting that the 
genus Palaeovaranus has often been referred to platynotan 
squamates and it is present in the European Paleocene, Eocene 

and Oligocene, in particular in the localities of Cernay (MP6, 
Hoffstetter 1943), Dormaal and Le Quesnoy (Augé 2005) 
and perhaps at Rivecourt-Petit Pâtis (Smith et al. 2014). 
However, the phylogenetic affinities of Palaeovaranus cannot 
be addressed here.

In North America, the first indisputable records of Saniwa 
are from the earliest Eocene Wa-0 biozone of Wyoming 
(Wasatchian, North American Land Mammal Age, Smith 
2009) although there is a report of a Saniwa-like species from 
the mid-Paleocene of Wyoming (Sullivan 1982). Saniwa edura 
(Smith 2006) from the late Eocene of the North Dakota 
constitutes the latest definite record of Varanidae in North 
America (Sullivan & Holman 1996), whilst some poorly 
known fossils (vertebrae) from the Oligocene of Wyoming and 
Nebraska have been tentatively referred to Saniwa (Gilmore 
1928; Estes 1983). Thus, there is no evidence of crown vara-
nids in the Paleocene of North America and it seems that 
North American Varanidae from the earliest Eocene entered 
this continent from elsewhere (Smith 2009).

Although the timing of the faunal transition cannot be given 
very precisely, the first appearances of the genus Saniwa in the 
fossil record of Europe and North America are almost con-
temporaneous. One locality that has yielded Saniwa (Dormaal 
in Europe) falls in the Carbon Isotope Excursion whose base 
(onset) marks the Paleocene-Eocene boundary and the begin-
ning of the Paleocene-Eocene Thermal Maximum (PETM), 
at the beginning of the Eocene epoch (56 Ma; Smith et al. 
2006). Large biotic interchanges (the movement of species 
between geographically distinct biotas following the reduction 
or elimination of the barrier between them, Simpson 1947; 
Vermeij 2005) and diversification have been linked to rapid 
environmental change during the PETM. 

If Saniwa has no clear relatives in the late Paleocene of 
Europe and North America, a question arises: where did this 
genus come from? At least 70 extant varanid species (genus 
Varanus) are present in Africa, Asia and Australia, so it is 
most probable that Saniwa expanded from Asia or Africa to 
Europe and North America. Early Eocene dispersal events 
between these continents have already been proposed mostly 

BA

Fig. 10. — Saniwa orsmaelensis Dollo, 1923, Mutigny, France. Caudal vertebrae in 
ventral views: A, MNHN.F.MU17498a; B, MNHN.F.MU17498b. Scale bar: 5 mm.

http://coldb.mnhn.fr/catalognumber/mnhn/f/mut17498
http://coldb.mnhn.fr/catalognumber/mnhn/f/mut17498
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for mammal faunas (e.g. Teilhard de Chardin 1922; Dollo 
1923; Gingerich 1989; Beard & Dawson 1999; Hooker & 
Dashzeveg 2003; Smith et al. 2006; Solé & Smith 2013) 
and incidentally for “lizard” faunas (Godinot & Lapparent 
de Broin 2003; Augé et al. 2012).

An African origin of Varanus has been suggested by Holmes 
et al. (2010), who attributed Egyptian late Eocene and early 
Oligocene vertebrae to Varanus. In addition, Smith et al. 
(2008) referred a vertebra from the early Oligocene of Egypt 
to a stem varanid and possibly to Saniwa. Several faunal 
dispersals between Africa and Laurasia have been proposed 
in the early Paleogene (Gheerbrant & Rage 2006) and par-
ticularly a Thanetian/Ypresian episode involving hyaeno-
dontans and typical African mammal taxa. In addition, the 
first trans-Tethyan routes occupied a western area: namely, 
the Alboran and Apulian routes (Gheerbrant & Rage 2006: 
fig. 3). However, an African origin of the European Saniwa 
has several shortcomings: no varanid squamates are known 
in the early Paleogene of Africa, but admittedly this fossil 
record is very limited. A phylogenetic analysis (Conrad et al. 
2012) that includes the Paleogene Egyptian fossils attributed 
to Varanus suggests that there is no evidence supporting their 
attribution to the Saniwa-Varanus clade. Moreover, several 
early Eocene localities (MP7) are known in Southern Europe 
(Southern France, Portugal, Spain; Antunes & Russell 1981; 
Marandat 1991; Marandat et al. 2012; Bolet 2017 [Fig. 1]) 
but at present none has yielded varanid remains. However, an 
indeterminate “Necrosauridae” is present in the early Eocene 
of Masia de L’Hereuet, Catalonia, MP8+9 (Bolet 2017).

Dispersal records of the genus Varanus into Europe come 
from several early Miocene (MN3-MN4) localities, mostly 
from Spain and Southern France (Hoffstetter 1968; Rage & 
Bailon 2005; Delfino et al. 2013). The last occurrence of 
Varanus in Europe dates from the middle Pleistocene of Greece 
(Georgalis et al. 2017). Dispersal of Varanus together with 
some other thermophilic taxa (Chamaeleonidae, Scolecophidia, 
Cordylidae) from Africa to Europe at the beginning of the 
Miocene was suggested by Čerňanský (2012). However, an 
African origin of European early Miocene varanids cannot be 
demonstrated unequivocally (Vidal et al. 2012; Rage 2013; 
Čerňanský et al. 2015).

Several molecular phylogenetic analyses (Fuller et al. 1998; 
Vidal et al. 2012) support an Asian origin for the family 
Varanidae. Moreover, earlier studies, based primarily on 
two factors, namely the present distribution of varanids and 
paleontological data, suggested that varanids arose in Laurasia 
(Fejérváry 1918; Hoffstetter 1968; Cogger & Heatwole 1981; 
Branch 1982). Varanoidea (synonym of Platynota) probably 
originated in the Cretaceous (but see Evans 1994, 2003 for 
an earlier origin) with records in Asia (e.g. Borsuk-Bialynicka 
1984; Nessov 1988; Norell & Gao 1997), in Europe (e.g. 
Houssaye et al. 2013, see reviews in Rage 2013 and Csiki-Sava 
et al. 2015) and in North America (e.g. Estes 1964; Gao & 
Fox 1996; Nydam 2000; see review in Nydam 2013), that 
are exclusively on Laurasian continents.

The genera Varanus and Saniwa were reported from the 
Eocene of Asia (Mongolia and Kyrgyzstan, Reshetov et al. 

1978; Alifanov 1993; Danilov 1997; Averianov & Danilov 
1997) but as Rage & Bailon (2005) recognized, these reports 
are questionable. More recent reports of varanid (or varanoid) 
squamates from Asia come from the early Paleogene of Mon-
golia (Böhme 2007; Van Itterbeeck et al. 2007). Curiously, 
perhaps the best argument for the dispersal of stem varanids 
from Asia comes from the early Eocene of the Canadian Arc-
tic (Ellesmere Island). Estes & Hutchison (1980) described 
dorsal vertebrae that are certainly varanid in their general 
shape: ‘‘they are distinctly varanid and might be referable to 
any of the described varanid genera’’. From a paleobiogeo-
graphical perspective, the High Arctic was a major corridor 
for terrestrial organisms dispersing between Asia and both 
Europe and North America, mostly during the PETM (Sco-
tese 2004; Eberle & Greenwood 2012).

A rich and diverse assemblage of “lizards” appeared in Europe 
at the Paleocene/Eocene transition with a large increase in 
diversity occurring at both species and family level. The pres-
ence of Saniwa in Europe is relatively brief (early Eocene, MP7 
to MP8+9 or MP10: “Saniwa feisti” from the middle Eocene 
of Messel is certainly a member of the genus Palaeovaranus, 
see introduction). In addition, several newcomers in Europe 
(blanid amphisbaenians, Agamidae) disappear from the con-
tinent (at least provisionally) at the same time (early-middle 
Eocene transition). Abiotic factors (mostly climatic) and 
biotic interactions structure the distribution and presence of 
species. Taphonomic and environmental bias may also explain 
absences in the fossil record. However, in that case, there are 
rather strong arguments against such bias: disappearance of 
the “lizard” taxa is not sudden but there is a steady decrease in 
their abundance during the early Eocene. At least, eight fossil-
iferous localities are known in the European middle Eocene, 
with very different environmental and taphonomic conditions 
and at no time has any yielded Saniwa remains. The loss of 
Saniwa in Europe seems contemporaneous with the end of 
the early Eocene Climatic Optimum, so the disappearance of 
presumed thermophilic “lizards” (varanids and agamids) may 
be tied to cooler conditions. On the other hand, potential 
competitors are also present in the early Eocene of Europe 
(Palaeovaranus, Glyptosaurinae, ?Helodermatidae). Here, it 
is worth noting that these squamate taxa are still present in 
the middle Eocene. However, only negative abundance cor-
relations between Saniwa and these taxa could be regarded 
as the result of competitive exclusion. 

Another hypothesis may be put forward: as a result of 
widespread migrations during the PETM, the early Eocene 
“lizard” community in Europe is one of the richest squamate 
assemblages known in the Paleogene (at least at the familial or 
subfamilial level). Several past and present biotic interchanges 
show that colonization pressure from outside tends to increase 
the regional species pool (Ricklefs 2005; Sax et al. 2005). 
However, what is the fate of those species following their 
establishment in the recipient biota? Some biogeographical 
theories (e.g. McArthur & Wilson 1967) predict the existence 
of a “species capacity or carrying capacity”: species richness 
in a given area could be bounded at some equilibrium point. 
Hence, elevated colonization rates may lead to increased rates 
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of species turnover and ultimately to the loss of some spe-
cies (native or immigrant species, Sax et al. 2005). Thus, the 
diverse squamate community of the early Eocene may carry 
an extinction debt (Tilman et al. 1996), that finally leads to 
the loss of some taxa, e.g. Saniwa, Agamidae, blanid amphis-
baenians. This notion of extinction debt may also pertain to 
mammals: most mammals dispersed into Europe around the 
PETM, a migration also termed the Mammalian Dispersal 
Event (Beard & Dawson 1999; Solé & Smith 2013). After-
wards (MP8+9), an important faunal turnover affected the 
European mammal fauna, with the rapid disappearance of 
several groups, particularly among carnivorous fauna (Arfi-
aninae, Sinopinae, Oxyaenodonta; Solé et al. 2013, 2014).

The relative importance of these factors (biotic and abiotic) 
on the evolution of past and even recent biotic communi-
ties are difficult to separate. Rejmánek (1996) and Prins & 
Gordon (2014) affirm that the outcomes of invasion events 
are not predictable. Clearly their analysis during the early 
Eocene requires a thorough knowledge of the “lizard” record 
from that period, which is far beyond the goals of our taxo-
nomic revision. 

CONCLUSIONS

Although here we are considering specimens from three dif-
ferent MP7 localities (Dormaal, Erquelinnes and Le Quesnoy) 
of two different countries (Belgium and France), each of them 
presents characters converging with the identification of a 
varanid squamate at the earliest Eocene in the southern North 
Sea Basin. Moreover, there is no evidence of the presence of 
more than one varanid taxon in Dormaal or Le Quesnoy, 
and the link between these two localities are the dorsal and 
caudal vertebrae presenting the same morphology including 
the “famous” pseudozygosphene-pseudozygantrum typical of 
the genus Saniwa. After analysing the characters of the speci-
mens, we reach the conclusion that the variability of some 
characters within varanid species is great and it would not be 
parsimonious to refer the material studied here to a different 
genus than Saniwa. This is why we support the validity of 
the species S. orsmaelensis.

The arrival of S. orsmaelensis in Europe is certainly linked to 
rapid environmental changes around the PETM. Large faunal 
exchanges during that period, especially between Europe and 
North America, are well documented for mammals and “lizards”. 
Paleontological data suggest that the genus Saniwa migrated 
from Asia, perhaps with a stopover in North America, but 
at present an African origin cannot be completely excluded.

Note
The recent papers of Smith & Habersetzer (2021) on the mid-
dle Eocene palaeovaranid Paranecrosaurus feisti from Messel, 
Germany and Dong et al. (2022) on the early Eocene stem-
varanid Archaeovaranus lii from Dajian, Hubei, China were 
not available to us before the acceptance of the present paper. 
This is especially important as we consider Saniwa orsmaelensis 

as probably closely related to A. lii based on morphological 
resemblances at the level of the maxillary, parietal and vertebrae. 
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