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Italy’s largest snake: Redescription of Palaeophis oweni 
from the Eocene of Monte Duello, near Verona
GEORGIOS L. GEORGALIS, LETIZIA DEL FAVERO, and MASSIMO DELFINO

Georgalis, G.L., Del Favero, L., and Delfino, M. 2020. Italy’s largest snake: Redescription of Palaeophis oweni from 
the Eocene of Monte Duello, near Verona. Acta Palaeontologica Polonica 65 (3): 523–533.

We here redescribe Palaeophis oweni, an almost neglected species of palaeophiid snakes from the Eocene of Monte 
Duello, northeastern Italy. Despite having been described since the 19th century and being the only known named 
species of its genus from Mediterranean Europe, P. oweni has so far received only minor and sporadic attention in the 
literature. The only as yet available information for this species was the original lithograph accompanying its brief, 1881 
description. We here provide photographs and detailed description of the type and only known material for the first 
time, designate a lectotype, and clarify certain nomenclatural issues, as well as inaccuracies in the original lithograph. 
We distinguish certain features in its vertebral anatomy that allow us to treat P. oweni as a valid species and provide an 
emended diagnosis. Nevertheless, we highlight that a comprehensive reassessment of the nominal species of Palaeophis 
from the Eocene of the United Kingdom is essential in order to decipher with certainty the validity and distinctiveness 
of the Italian form. Palaeophis oweni represents the largest snake known from the Italian fossil record.
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Introduction
Palaeophiids, and more particularly species of the genus 
Palaeophis Owen, 1841, are among the first snakes to be de-
scribed in the fossil record (Owen 1841, 1850). Among them 
rank some of the largest known snakes, extinct or extant, 
reaching truly gigantic sizes (Rage 1983a, b; McCartney 
et al. 2018). Two palaeophiid genera are recognized with 
certainty, i.e., Palaeophis Owen, 1841 and Pterosphenus 
Lucas, 1898, ranging from the Late Cretaceous up to the 
late Eocene and achieving a rather broad geographic dis-
tribution, encompassing Europe, Africa, Asia, and North 
and South America (Owen 1841, 1850; Cope 1869; Marsh 
1869; Rochebrune 1880; Lydekker 1888a, b; Andrews 1901, 
1906, 1924; Janensch 1906a; Lynn 1934; Arambourg 1952; 
Hoffstetter 1958, 1960; Holman 1982, 2000; Rage 1983a, 
b, 1984; Parmley and Case 1988; Averianov 1997; Parmley 
and Reed 2003; Rage et al. 2003, 2008; Parmley and DeVore 

2005; Bajpai and Head 2007; Rage and Dutheil 2008; Hous-
saye et al. 2013). In addition, the genus Archaeophis Mas-
salongo, 1859, from the Eocene of Italy and perhaps also 
Turkmenistan (Massalongo 1859; Janensch 1906b; Tatarinov 
1963, 1988) has also been tentatively referred to palaeophiids 
(e.g., Rage 1983a, 1984; Parmley and Reed 2003; Rage et al. 
2003; Houssaye et al. 2013; Wallach et al. 2014), though such 
taxonomic assignment is not fully resolved with certainty.

There is a practically ubiquitous consensus that palaeo-
phiids had aquatic or at least semiaquatic habits (e.g., Hoff-
stetter 1955, 1958; Rage 1983a, b, 1984; Holman 2000; Rage 
et al. 2003, 2008; Parmley and DeVore 2005; Houssaye et 
al. 2013), a fact that had been almost immediately recog-
nized since their first descriptions (Owen 1841, 1850; Cope 
1869; Marsh 1869; Rochebrune 1880; Lydekker 1888a, b; 
Zittel 1887–1890). Their exact phylogenetic affinities within 
snakes, however, are still rather controversial: they were orig-
inally and for a long time considered as close to “booids”, 
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and more particularly pythonids (Owen 1841, 1850; Marsh 
1869; Rochebrune 1880; Zittel 1887–1890), a view that thor-
oughly persisted also during the 20th century (Gilmore 1938; 
Hoffstetter 1955; Kuhn 1963; Rage 1983a, 1984; Parmley and 
Case 1988), even as recently as less than a couple of decades 
ago (Holman 2000). Nevertheless, certain authors during the 
20th century highlighted their distinctiveness from all other 
snakes, placed in their own clade, Cholophidia, along with 
the Cretaceous pachyophiids (Nopcsa 1923a, b; Hoffstetter 
1939; Kuhn 1939; McDowell 1987), while Romer (1956) even 
casted doubt on their genuine snake affinities, suggesting that 
they simply might represent “snake-like reptiles”. Others have 
suggested affinities with the aquatic caenophidian lineage 
of acrochordids (Nessov 1995; Zvonok and Snetkov 2012; 
Wallach et al. 2014). Finally, other workers admitted that their 
exact affinities with other snake lineages cannot be resolved 
(Hoffstetter 1962), perhaps lying somewhere rather basally 
within alethinophidians (Rage and Werner 1999). This large 
uncertainty over their exact phylogenetic affinities undoubt-
edly rises from the unfortunate fact that both Palaeophis and 
Pterosphenus are known exclusively from postcranial mate-
rial (mainly vertebrae); the much smaller-sized Archaeophis 
is represented by both cranial and postcranial material 
(Janensch 1906b; Tatarinov 1963, 1988), though the uncer-
tainty about its palaeophiid affinities practically hinders any 
precise and definite knowledge of the palaeophiid skull.

Palaeophis oweni was established by Zigno (1881) on the 
basis of several vertebrae from the middle Eocene of Monte 
Duello, near the city of Verona, in northeastern Italy. Zigno 
(1881: figs. 9–12) briefly described the material and pro-
vided a lithograph of one of the vertebrae. Ever since then, 
the species was only briefly mentioned in ophidian litera-
ture (Kuhn 1939, 1963), and in the past decades, it was only 
briefly commented that it is not a valid taxon (e.g., Rage 
1983b, 1984; Rage and Augé 1993; Delfino 2011; Wallach 
et al. 2014). We herein redescribe P. oweni and provide 
photographs of the material for the first time. We compare 
it with other palaeophiids, provide potential distinguishing 
features that could enable its distinction from other mem-
bers of the genus, and discuss its validity.
Institutional abbreviations.—GMH, Geiseltalmuseum of 
Martin- Luther Universität Halle-Wittenberg, now referred 
to as the Geiseltalsammlung (part of the Zentralmagazin 
Natur wissenschaftlicher Sammlungen), Halle, Germany; 
HNHM, Hungarian Natural History Museum, Budapest, 
Hungary; MDHC, Massimo Delfino Herpetological Col-
le ction, University of Torino, Italy; MGP-PD, Museo di 
Geo logia e Paleontologia dell’Università di Padova, Italy; 
MNCN, Museo Nacional de Ciencias Naturales, Madrid, 
Spain; MNHN, Muséum national d’Histoire naturelle, 
Paris, France; NHMUK, Natural History Museum, London, 
UK; NHMW, Naturhistorisches Museum, Vienna, Austria; 
PIMUZ, Paläontologisches Institut und Museum der Uni-
versität Zürich, Switzerland; UWr, University of Wrocław, 
Poland; ZZSiD, Institute of Systematics and Evolution of 
Animals, Polish Academy of Sciences, Kraków, Poland.

Material and methods
The material described herein is permanently curated at the 
collections of MGP-PD. Comparative material of other palae-
ophiids specimens was studied at the collections of MNHN, 
NHMUK, and UWr. Comparative material of other extinct 
and extant snakes was studied at the collections of GMH, 
HNHM, MDHC, MNCN, MNHN, NHMUK, NHMW, 
PIMUZ, and ZZSiD.

Geological setting
Monte Duello (also known in the literature under the names 
Monte Zuello or Montezuello) is a middle Eocene fossil 
locality in northeastern Italy, near the city of Roncà, in the 
Province of Verona, Region of Veneto. Its age is consid-
ered to pertain to the middle Eocene; more particularly, it 
was once thought to be late Lutetian (Altichieri 1980; Rage 
1983a) but is now considered to be younger, i.e., Bartonian 
(Frisone et al. 2014; Zorzin and Frisone 2015).

The locality is known already since the second half of the 
19th century (Zigno 1875, 1880, 1881, 1889). The assemblage 
of Monte Duello has yielded a moderately diverse fossil fauna, 
comprising mostly invertebrates, but also fish, sirenians, and 
a large bird (Zigno 1875, 1881; Portis 1885). Among reptiles, 
only P. oweni, the crocodylian Megadontosuchus arduini 
(Zigno, 1880), and a trionychid turtle (Trionyx cf. margina-
tus; Zigno 1889), an indeterminate trionychid according to 
Georgalis and Joyce (2017) have been described so far from 
Monte Duello (Zigno 1880, 1881, 1889; Piras et al. 2007). 
The facies association of Monte Duello indicates a sedimen-
tary succession mainly deposited in a shallow water, shore-
face setting (Frisone et al. 2014).

Systematic palaeontology
Squamata Oppel, 1811
Serpentes Linnaeus, 1758
Palaeophiidae Lydekker, 1888b
Genus Palaeophis Owen, 1841
Type species: Palaeophis toliapicus Owen, 1841; Isle of Sheppey, Uni-
ted Kingdom; Ypresian, early Eocene.

Palaeophis oweni Zigno, 1881
Figs. 1–3.
Type material: Lectotype (herein designated): MGP-PD 6981Za, an 
anterior trunk vertebra (Figs. 1, 3). Paralectotypes: 23 trunk vertebrae 
(MGP-PD 6976Za, 6976Zb, 6977Za, 6977Zb, 6977Zc, 6978Z, 6978Za, 
6978Zb, 6978Zc, 6978Zd, 6978Ze, 6978Zf, 6978Zg, 6978Zh, 6979Z 
(two vertebrae plus several tiny vertebral fragments), MGP-PD 6980Z, 
6981Z, 6981Zb, 6981Zc, 6981Zd, 6981Ze, 6981Zf) (Fig. 2), from the 
type locality and horizon.
Type locality: Monte Duello, near Verona, Veneto, Italy.
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Type horizon: Nummulitic limestone, Orizzonte di Roncà, Bartonian, 
late middle Eocene.

Emended diagnosis.—Palaeophis oweni can be assigned to 
Palaeophiidae on the basis of its vertebrae being tall and lat-
erally compressed, the presence of pterapophyses, the hor-
izontality of the cotyle-condyle axis, the rather large cotyle 
and condyle, the presence of a second, small hypapophysis 
in its anterior trunk vertebrae (i.e., anterior hypapophysis, 
right ventrally to the cotyle), the distinct ventral projection of 
the paradiapophyses, the reduced prezygapophyses, and the 
presence of compressed prezygapophyseal buttresses that 
form a ridge extending from the dorsal border of the paradi-
apophyses up to the prezygapophyseal articular facets (char-
acters from Rage 1983a, 1984; Rage et al. 2003; Houssaye 
et al. 2013). Palaeophis oweni can be referred to the genus 
Palaeophis on the basis of the relatively small pterapophy-

ses and the neural spine rising posteriorly from the level of 
the zygosphenal roof (characters from Rage 1984; Parmley 
and Case 1988; Rage et al. 2003, 2008; Parmley and DeVore 
2005; Houssaye et al. 2013). Palaeophis oweni can be differ-
entiated from all other species of the genus Palaeophis by 
the following combination of features: zygosphene thick and 
almost trapezoidal in shape when seen in anterior view, with 
its dorsal margin distinctly convex; cotyle large and slightly, 
in some cases, laterally compressed; small pterapophyses; 
massive and elongated paradiapophyses that extend ven-
trally, well below the ventral level of the cotyle; posterior 
hypapophysis massive; neural spine high and posteriorly 
inclined; centrum not much widened anteriorly.
Description.—The lectotype vertebra MGP-PD 6981Za is 
incomplete, missing most of its neural spine, the posterior 
portion of the neural arch with large part of both postzyga-
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Fig. 1. Lectotype trunk vertebra MGP-PD 6981Za of palaeophiid snake Palaeophis oweni Zigno, 1881, from the late middle Eocene of Monte Duello, in 
anterior (A1), posterior (A2), left lateral (A3), right lateral (A4), ventral (A5), and dorsal (A6) views. 
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pophyses, and most of its right prezygapophysis and right 
pterapophysis (Fig. 1). The vertebra is large, with a centrum 
length of 16.7 mm. In anterior view (Fig. 1A1), the vertebra 
is tall and distinctly laterally compressed. The zygosphene 
is thick with its dorsal roof being overall convex and almost 
triangular in shape. The neural canal is relatively small and 
trapezoidal. The prezygapophyses (only the left is partially 
preserved) do not seem to extend much above the ventral 
floor of the neural canal. There are prezygapophyseal but-
tresses, in the form of vertical ridges, which extend from 
the dorsal border of the paradiapophyses up to the pre-
zygapophyseal articular facets. The cotyle is rather large 
and not particularly compressed. There are no paracotylar 
foramina, though large depressions are visible at each lat-
eral side of the cotyle. The base of an anterior, moderately 
thick, hypapophysis is visible below the ventral level of the 
cotyle. The paradiapophyses are large and elongated, with 
their ventralmost tip reaching well below the ventral level 
of the cotyle. In posterior view (Fig. 1A2), the neural arch 
seems to be relatively vaulted, though this assumption can 
only be considered as tentative as this respective portion is 
damaged. The pterapophyses (only the left one is preserved) 
are relatively small and extend dorsolaterally forming an 
angle of around 45o with the neural arch. The condyle is 
large. The posterior hypapophysis is large, with its ventral 
tip ending well below the level of the condyle. This element 
is laterally compressed; it is relatively thick at its base but 
its thickness diminishes gradually towards the level of its 
ventralmost tip. In dorsal view (Fig. 1A4), the zygosphene 
is rather concave; there is no sign of a medial lobe. The 
base of the neural spine runs throughout most of the neural 
arch, though still it commences posteriorly to the level of 
the zygosphenal roof. The prezygapophyses extend more 
anteriorly than laterally. The prezygapophyseal articular 
facets are rather narrow and small. The interzygapophyseal 
constriction is relatively shallow. In ventral view (Fig. 1A5), 
the centrum does not significantly widen anteriorly. Two 
hypapophyses are present: one large one (posterior) that is 
situated at the posterior portion of the centrum but still prior 
to the level of the condyle, and one smaller (anterior), that 
is situated at the anteriormost portion of the centrum, right 
below the cotyle. These two hypapophyses are united with a 
relatively thin, longitudinal ridge. The paradiapophyses are 
broad and extend anterolaterally. In lateral view (Fig. 1A3, 
A6), the zygosphenal facets are elongated. The interzyga-
pophyseal ridge is almost straight. The axis of the cotyle 
and condyle is horizontal. The paradiapophyses are not di-
vided into diapophyseal and parapophyseal portions; they 
are large, elongated and they project anteroventrally. The 
posterior hypapophysis develops at the posterior portion 

of the centrum and projects much ventrally; its posterior 
border is not vertical with the centrum but rather forms an 
angle of around 45°. This vertebra is considered to originate 
from the anterior trunk vertebral column on the basis of the 
presence of a second (i.e., anterior) small hypapophysis be-
low the cotyle, united with the first (i.e., posterior), large one 
with a thin longitudinal keel (see Rage et al. 2003).

Apart from the lectotype, all other vertebrae are rather 
fragmentary (Fig. 2). All vertebrae pertain to the trunk 
region of the column, with no cloacal or caudal vertebrae 
known. MGP-PD 6976Za misses most of the neural spine, 
posterior portion of neural arch, prezygapophyses, postzyga-
pophyses, and pterapophyses, and much of the zygosphene 
(Fig. 2A). MGP-PD 6976Zb preserves only the ventral por-
tion of the centrum plus the right prezygapophysis (Fig. 2B). 
MGP-PD 6977Za misses the dorsal part of the neural spine, 
part of the pterapophyses, and the left prezygapophysis 
(Fig. 2F). MGP-PD 6977Zb and 6977Zc preserve only the 
ventral portion of the centrum (Fig. 2G). MGP-PD 6978Z 
misses the dorsal part of the neural spine and parts of prezy-
gapophyses, postzygapophyses, and pterapophyses, as well 
as the ventralmost portion of the posterior hypapophysis 
(Fig. 2D). MGP-PD 6978Za preserves mostly the ventral 
portion of the centrum (Fig. 2C). MGP-PD 6978Zb misses 
the right prezygapophysis and pterapophysis, and part of 
the zygosphene and the neural spine (Fig. 2E). MGP-PD 
6978Zc, 6978Zd, 6978Ze, 6978Zf, 6978Zg, and 6978Zh are 
only vertebral fragments. MGP-PD 6979Z consists of several 
large and tiny fragments pertaining to at least two vertebrae. 
MGP-PD 6980Z preserves only the ventral portion of the 
centrum. MGP-PD 6981Zb is a partial vertebra embedded in 
matrix, missing its posteroventral portion and pterapophyses 
(Fig. 2H). MGP-PD 6981Z misses most of the neural arch and 
neural spine, zygosphene, and zygantrum. MGP-PD 6981Zc 
is rather eroded specimen embedded on matrix, missing 
its anterior portion and the dorsal level of the neural spine 
(Fig. 2J). MGP-PD 6981Zd preserves solely the posteroven-
tral portion of the vertebra along with the zygosphene, em-
bedded on a matrix (Fig. 2I). MGP-PD 6981Ze preserves 
only the posteroventral portion of the centrum. MGP-PD 
6981Zf preserves only remains of the ventral surface of the 
centrum, condyle, zygantrum, and the neural arch.

The neural spine is not fully preserved in most speci-
mens. When it is partially preserved though, it seems that 
it develops in height gradually and always well posteri-
orly from the level of the zygosphenal roof (e.g., MGP-PD 
6976Za, 6978Z). It is relatively thick in posterior view (e.g., 
MGP-PD 6981Zc, Fig. 2J2). The neural spine is most com-
plete in MGP-PD 6981Zb, where it is obvious that it attains 
a considerable height and a slight posterior inclination (Fig. 

Fig. 2. Paralectotype trunk vertebrae of palaeophiid snake Palaeophis oweni Zigno, 1881, from the late middle Eocene of Monte Duello. A. MGP-PD 
6976Za in left lateral (A1) and ventral (A2) views. B. MGP-PD 6976Zb in posterior view. C. MGP-PD 6978Za in ventral view. D. MGP-PD 6978Z in left 
lateral (D1), anterior (D2), and ventral (D3) views. E. MGP-PD 6978Zb in left lateral view. F. MGP-PD 6977Za in left lateral (F1), dorsal (F2), ventral (F3), 
anterior (F4), and posterior (F5) views. G. MGP-PD 6977Zb in left lateral (G1) and posterior (G2) views. H. MGP-PD 6981Zb embedded in matrix in left 
lateral view. I. MGP-PD 6981Zd in anterior view. J. MGP-PD 6981Zc in right lateral (J1) and posterior (J2) views. 

→
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2H). The same specimen possesses an unusual rugosity on 
its neural spine, probably due to some taphonomic/pres-
ervational factor. The zygosphene is situated rather high. 
The zygosphene is relatively thick and convex in anterior 
view (e.g., MGP-PD 6978Z, Fig. 2D2). Such convexity is 
prominent at around the mid-length of the zygosphenal roof 
in anterior view, taking the shape of a triangle (MGP-PD 
6981Zd, Fig. 2I; MGP-PD 6981Ze). Zygantrum is damaged 
in practically most specimens—in fact, the best preserved 
zygantrum can be observed in MGP-PD 6981Zc, where its 
roof is rather thick (Fig. 2J2). Pterapophyses are always 
small. In MGP-PD 6981Zc, the left pterapophysis is almost 
complete—it is relatively short and moderately thick in pos-
terior view, lying in parallel to the neural spine (Fig. 2J2). 
Prezygapophyses are small and are not much tilted dorsally; 
in fact they are almost horizontal with the ventral level of 
the neural canal in certain specimens (MGP-PD 6978Z, Fig. 
2D2). Larger prezygapophyseal articular facets still exist 
among the material (e.g., MGP-PD 6976Zb, 6978Z), though 
still they are not considerably large. The postzygapophy-
ses do not extend much laterally (e.g., MGP-PD 6981Zc, 
Fig. 2J2). The interzygapophyseal constriction is shallow 
in all specimens. Cotyle is always large, though the degree 
of its lateral compression may vary. Condyle is also large 
and its shape varies as well (e.g., Fig. 2B, G2). A (poste-
rior) hypapophysis is present in all specimens. Similarly 
to the case of the lectotype described above, in anterior 
trunk vertebrae, there is also a small, second anterior hy-
papophysis, situated right below the ventral level of the 
cotyle (e.g., MGP-PD 6978Z, Fig. 2D1; MGP-PD 6978Za, 
Fig. 2C); specimens that pertain to the mid-trunk or pos-
terior trunk region totally lack an anterior hypapophysis 
(e.g., MGP-PD 6977Za, Fig. 2F). The shape of the posterior 
hypapophysis also varies, apparently dependent on the in-
tracolumnar position of the vertebrae. In some vertebrae, 
it is relatively small and/or does not protrude much ven-
trally (e.g., MGP-PD 6976Za, Fig. 2A1; MGP-PD 6978Z). 
In others, it is massive (e.g., MGP-PD 6977Zb, Fig. 2G). 
Its lateral surface is smooth in most specimens but in one 
vertebra it is rather rugose, perhaps due to preservation rea-
sons (e.g., MGP-PD 6977Zb, Fig. 2G). Paradiapophyses are 
much ventrally projected in all specimens (when preserved). 
However, their shape and anteroventral expansion varies 
significantly, apparently dependent on the intracolumnar 
position of the vertebrae. Hence, paradiapophyses can be 
either relatively slender and anteroventrally directed (e.g., 
the lectotype MGP-PD 6981Za; MGP-PD 6977Zb, Fig. 2G1) 
or can be rather massive and face strictly ventrally (e.g., 
MGP-PD 6981Zb, Fig. 2H). The centra of all vertebrae are 
only rather slightly anteriorly widened.
Remarks.—As was a common case with establishments of 
new species during the 19th century, Zigno (1881) did not 
designate a holotype for Palaeophis oweni. Although Zigno 
(1881: figs. 9–12; Fig. 3) figured only one specimen, he 
clearly indicated that the available material from Monte 
Duello, consisted of 12 vertebrae; the vast majority of these 

vertebrae contained rock incretions and only two could be 
extracted (“Le vertebre di questo Ofidiano, trovate nel cal-
care nummulitico di m. Zuello, ammontano a dodici, ma la 
maggior parte di esse era talmente immedesimata nella roc-
cia, che non fu possibile lo estrarne più di due discretamente 
conservate”; Zigno 1881: 8). It seems that Zigno (1881: 8) 
focused mostly on these two “better preserved” vertebrae, 
as he discussed their degree of completeness (“Le porzioni 
rimaste scoperte di queste due vertebre lascano vedere lo 
zigosfene, il foro neurico, le diapofisi anteriori, le ipapofisi 
ed il corpo della vertebra colla concavità anteriore e la pro-
tuberanza emisferica posteriore. La spina neurica od apofisi 
spinosa non è conservata ed il zigantro e le zigapofisi sono 
in gran parte nascosti dalla roccia”), however, we cannot 
be certain that he did not base part of his descriptions of 
P. oweni also on the other, incomplete vertebrae. As such, 
taking into consideration that Zigno (1881) had worked with 
more than one specimen upon the establishment of his new 
taxon, as well as the fact that there is no indication that all 
vertebrae pertained to the same individual (e.g., they were 
not articulated), then by definition these specimens have 
to be considered as syntypes (ICZN 1999: Article 73.2). 
We here designate the most complete specimen, MGP-PD 
6981Za (i.e., the vertebra figured also by Zigno 1881), as the 
lectotype of the species. Accordingly, the rest of the 12 ver-
tebrae are considered paralectotypes (ICZN 1999: Article 
73.2.2). It is unclear to us which is the “second vertebra” 
(besides the lectotype) mentioned by Zigno (1881), as all 
of the remaining vertebrae are rather fragmentary—in any 
case, this specimen apparently is also one of the paralecto-
types. The reason that we select to designate as lectotype 
one of the syntypes is in order to maintain nomenclatural 
stability that would secure that P. oweni is not a “chimaera” 
of different species (e.g., in [the unlikely] case that some of 
the fragmentary vertebrae eventually turn up to belong to 
a different palaeophiid taxon). We have to also note that in 
its current state of preservation, the palaeophiid material 
accompanying the labels with Zigno’s writings (Fig. 4) con-
sisted of 23 fragmentary vertebrae and other tiny vertebral 
fragments; this number contradicts and surpasses the 12 
vertebrae originally mentioned by Zigno (1881). We may 

A1 2A 4A3A

Fig. 3. Original lithograph of the lectotype trunk vertebra MGP-PD 6981Za 
of Palaeophis oweni as illustrated by Zigno (1881). Specimen illustrated in 
right lateral (A1), ventral (A2), anterior (A3), and posterodorsal (A4) views. 
Note the inaccuracies of the lithograph compared with the photographs of 
this specimen in Fig. 1. Note also that the specimen in (A1) seems like a 
left (and not right) lateral view of the vertebra, but it is in fact the reverse 
image, as is the common practice in lithography. 
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tentatively interpret this slight inconsistency in the original 
number of vertebrae by the probable fact that certain of the 
incomplete vertebrae were broken into more than one verte-
bral fragments during the past (almost) 140 years since their 
original description, or that the smaller fragments were not 
taken into consideration by Zigno (1881). This view is also 
supported by the fact that no other palaeophiid material 
has been subsequently found in Monte Duello (or any other 
Italian locality) since that time.

The precise authorship date of this taxon is also an-
other issue that needs to be settled. The authorship date of 
Palaeophis oweni has been continuously erroneously cited 
as “1882” (e.g., Kuhn 1939, 1963; Rage 1983a, 1984; Rage 
and Augé 1993; Wallach et al. 2014), however, it is clear 
from the original publication of Zigno that it was published 
in 1881. This is further testified also by the author of the 
species himself, who, in a subsequent work, firmly stated 
that the respective paper was published in 1881 (“...pub-
blicai la descrizione e la figura sotto il nome di Palaophis 
(sic!) Oweni in una memoria stampata nel 1881”; Zigno 
1890: 4).

Finally, frustratingly, in his figure captions, Zigno (1881) 
used a second, erroneous, binomen for his species: Paleophis 
owenii; this has obviously to be considered as an incorrect 
spelling (lapsus calami) of both the genus name and the spe-
cies epithet of Palaeophis oweni!
Note on Zigno’s (1881) lithograph.—It is worth noting that 
our direct observation of the material allows us to confirm 
that the depiction of the lectotype vertebra in Zigno’s (1881) 
lithograph is not fully accurate; among others, most prin-

cipally, the shape of the zygosphene, the broadness and 
length of the paradiapophyses, the shape and robustness of 
the anterior hypapophysis, the height of the zygosphene, 
and even the shortness of the centrum are depicted errone-
ously in the original lithograph of Zigno (1881: figs. 9–12; 
Fig. 3). Admittedly, such inaccuracies in lithographs of 
snake fossil vertebrae in 19th century’s publications appear 
to be in fact a rather common case and have been demon-
strated for other extinct ophidian taxa named at that time 
(see discussion in Georgalis et al. 2016); besides, unfor-
tunately, such phenomenon is not confined only to snake 
descriptions but it has been demonstrated that it is a general 
issue in lithographs of fossil specimens during the 19th 
century (e.g., Anquetin and Joyce 2014; Georgalis 2017; 
Georgalis and Joyce 2017).
Geographic and stratigraphic range.—Known exclusively 
from the type locality and horizon.

Discussion
Zigno (1881) originally described Palaeophis oweni on the 
basis of 12 vertebrae, of which he figured in a lithograph 
only the best preserved specimen (MGP-PD 6981Za), herein 
designated above as the lectotype of the species. Zigno 
(1881) provided a description of the material and considered 
that his new species had more resemblance and was more 
affiliated with Palaeophis toliapicus, the type species of the 
genus, from the early Eocene of England (Owen 1841, 1850), 
from which, nevertheless he distinguished it by its smaller 

Fig. 4. Original labels accompanying the material of Palaeophis oweni, with the handwriting of Achille De Zigno. The label on the left writes in French: 
“Paleophis Oweni Zigno. 6976-6978. Éspéce voisine du P. porcatus Ow de Bracklesham. Vertébres trouvé au M. Zuello dan la zone a S. spirulea avec 
Halitherium Collines du Grumolo a l’ouest de Roncà Veronais”; the label on the right writes in Italian: “Paleophis Oweni Zigno. 6979-6981. Vertebre di 
un ofidiano trovate nello strato a Halitherium di M. Zuello nei colli di Grumolo all’ovest della V. di Roncà Veronese”. 
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absolute size and the different shape of the paradiapophy-
ses. Zigno (1881) also noted some resemblance of P. oweni, 
though to a lesser degree, with Palaeophis porcatus Owen, 
1850, from the early Eocene of England, a taxon that is cur-
rently considered a junior synonym of its sympatric P. ty-
phaeus Owen, 1850, also from the early Eocene of England 
(Lydekker 1888a; Kuhn 1939, 1963; Rage 1984; Wallach et 
al. 2014).

Despite being the sole named species of Palaeophis from 
Mediterranean Europe, as well as one of only two doc-
umented occurrences of that genus from the area, rather 
unfairly and surprisingly, P. oweni has achieved only infre-
quent and rather sporadic mentions in ophidian literature 
(e.g., Zigno 1890; Kuhn 1939, 1963). Rage and Wouters 
(1979) were the first who casted doubt on the validity of 
this taxon, by considering it as a probable junior synonym 
of P. toliapicus. Later, Rage (1983a) regarded the Italian 
taxon as conspecific with Palaeophis typhaeus. This opin-
ion was based on shared features among the two taxa, such 
as the overall dimensions, the reduced prezygapophyses, 
the size and shape of the zygosphene and the cotyle (Rage 
1983a). That synonymy view was subsequently followed 
by the rather few workers that ever since mentioned this 
taxon again (Rage 1984; Rage and Augé 1993; Delfino 2011; 
Wallach et al. 2014).

We admit that there is resemblance among P. oweni 
and P. typhaeus. However, P. oweni can be still further 
differentiated from P. typhaeus by its shorter pterapoph-
yses, more elongated centrum, different shape of the pos-
terior hypapophysis (more robust, thicker, and more ven-
trally projected in the English species), more elongated 
paradiapophyses, less dorsally inclined prezygapophyses, 
more massive cotyle and condyle, thicker zygosphene that 
is situated rather high, more robust and prominent prezy-
gapophyseal buttresses, less prominent subcentral ridges 
(see figures in Owen 1850 and Rage 1983; GLG, personal 
observation at NHMUK, 2017). Overall, it seems that the 
combination of the thickness, shape, convexity, and high 
position of the zygosphene, the low inclination of the pre-
zygapophyses, relatively slender paradiapophyses that 
project much ventrally, and the large size and degree of 
lateral compression of the cotyle represent characters that 
could altogether distinguish the Italian form among English 
(Owen 1841, 1850), Eastern European (Zvonok and Snetkov 
2012), and northern African (Arambourg 1952; Houssaye 
et al. 2013) species of Palaeophis. On the other hand, fea-
tures such as the shape of the posterior hypapophysis, the 
thickness of the zygosphene, and the elongation and ori-
entation of the paradiapophyses are intraspecifically and 
ontogenetically variable characters within palaeophiids and 
their taxonomic value should be treated with caution (e.g., 
Parmley and Reed 2003). As such, and pending a complete 
redescription of Palaeophis typhaeus and the other English 
species (GLG, in preparation), we tend to tentatively con-
sider P. oweni as a valid, distinct taxon. Such taxonomic 
opinion may be further supported by the large geographic 

distance that separates the Italian P. oweni and the English 
P. typhaeus, as well as their stratigraphic separation (P. 
oweni is younger); however, it has to be highlighted that 
there are even cases of other species of Palaeophis that 
had supposedly achieved even broader distributions (e.g., 
Palaeophis africanus Andrews, 1924, that is known from 
both Africa and North America; Parmley and DeVore 
2005), while admittedly certain extant aquatic snakes are 
also broadly distributed (e.g., certain hydrophiids; Hecht 
et al. 1974; Wallach et al. 2014). Interestingly also, other 
aquatic reptiles that usually occur sympatrically with pa-
laeophiids are represented by related but still taxonomi-
cally distinct species in the Eocene of Italy and England 
(e.g., trionychid turtles: “Trionyx” capellinii Negri, 1892, in 
Italy and “Trionyx” henrici Owen in Owen and Bell, 1842, 
in England; see Georgalis and Joyce 2017).

Regardless of the validity of the species, the identifi-
cation of Palaeophis in the Eocene of northeastern Italy 
clearly marks the presence of palaeophiids in Mediterranean 
Europe, a broad area for which this taxon represents one of 
the very few known occurrences of its lineage. Practically, 
if we exclude archaeophiines, which may in fact pertain 
to a distantly related clade, the sole other known record 
of that lineage in Mediterranean Europe is represented 
by indeterminate material of Palaeophis from the middle 
Eocene locality of Ribaut in southern France (Doncieux 
and Leriche 1908). On the other side of the Mediterranean, 
palaeophiids appear to be more abundant and diverse in the 
Eocene fossil record of northern Africa (Andrews 1901, 
1906; Janensch 1906a; Arambourg 1952; Hoffstetter 1960; 
Rage 1983a; Houssaye et al. 2013; McCartney and Seiffert 
2016; Zouhri et al. 2018). Interestingly, both Palaeophis 
and Pterosphenus are known from northern African sedi-
ments, though the latter genus has never been recorded from 
Europe. Furthermore, P. oweni represents the sole record of 
palaeophiids from the Alpine region; a purported indeter-
minate record from the northern side of the Alps, i.e., the 
Eocene locality of Dielsdorf, Switzerland (Rosselet 1991) 
was recently shown to pertain in fact to “booids” (Georgalis 
and Scheyer 2019).

Like other species of its genus, P. oweni is envisaged to be 
a near shore/estuarine dweller, a life style fully supported by 
the accompanying marine fauna of the Monte Duello fossil 
assemblage, as well as sedimentological data (Frisone et al. 
2014; see “Geological and palaeoecological setting” above).

Palaeophis oweni is the largest Italian snake. In fact, the 
rather large size of P. oweni was immediately recognized al-
ready in its original description by Zigno (1881: 3) who char-
acterized his new species as “grande Ofidiano”. But how 
large was indeed P. oweni? Parmley and Reed (2003) sug-
gested methods to assess size estimations for palaeophiid 
snakes on the basis of isolated vertebrae. Nevertheless, these 
authors used, as an extant analogue, vertebrae of “booids” 
(Parmley and Reed 2003), a lineage which is in fact much 
distantly related to palaeophiids and which has morpho-
logically different vertebrae. More recently, McCartney 
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et al. (2018) applied analytical methods to estimate total 
lengths of palaeophiids on the basis of vertebral dimensions. 
Nevertheless, the uncertainty over precise size estimations 
for palaeophiids is also hindered that the overall individual 
vertebral count of palaeophiids is as yet totally unknown, 
although it has been in the past suggested that it should have 
been rather large, probably surpassing 400 vertebrae (Rage 
1983a). As such, we refrain from formally estimating a total 
length for P. oweni. In any case, the Monte Duello vertebrae 
clearly indicate a large animal. Indeed, all other snakes 
from Italy (extinct and extant) are significantly smaller: the 
largest, potential candidates could be certain “colubrines”, 
psammophiids, and “Oriental vipers” (Delfino 2002, 2004; 
Delfino et al. 2011; Colombero et al. 2017) from the Neogene 
and Quaternary of the country, though still always all their 
respective vertebral dimensions are far smaller than the 
Monte Duello giant serpent.

Conclusions
Palaeophis oweni, an almost neglected species of palaeo-
phiid snakes from the Eocene of northeastern Italy, is the fo-
cus of this paper. The type and only known material is rede-
scribed in detail and photographs are provided for the first 
time. A lectotype is designated and certain issues around 
the nomenclature and authorship of the species are clarified. 
Comparison with other palaeophiids lead us to distinguish 
certain vertebral features that can differentiate P. oweni 
from other species of the genus. An emended diagnosis for 
the Italian taxon is provided, however, a reassessment of 
the nominal species of Palaeophis from the Eocene of the 
United Kingdom is necessary before any definite conclu-
sions can be made about the validity of any species of the 
genus. Palaeophis oweni is the largest snake documented 
from Italy; all other snakes from the country, extinct or ex-
tant, would certainly be no size match at all for the aquatic 
giant of Monte Duello.
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