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Abstract

An incomplete postcranial skeleton of a snake from the middle Miocene of the Swiss Molasse in Kdpfnach mine, near
Zurich, Switzerland, is described in this paper. The skeleton is rather crushed and resting on a block of coal, with only
some articulated vertebrae partially discerned via visual microscopy. We conducted micro-CT scanning in the speci-
men and we digitally reconstructed the whole preserved vertebral column, allowing a direct and detailed observation
of its vertebral morphology. Due to the flattened nature of the fossil specimen, several individual vertebral structures
are deformed, not permitting thus a secure precise taxonomic identification. Accordingly, we only refer the specimen
to as Colubriformes indet. Nevertheless, this occurrence adds to the exceedingly rare fossil record of snakes from Swit-
zerland, which had so far been formally described solely from three other Eocene and Miocene localities.
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1 Introduction

During the past couple of decades, the application of
micro-CT scanning has revolutionized squamate ana-
tomical research, as, being non-invasive and non-
destructive, it has allowed comprehensive study of
internal structures and skeletal elements that would be
otherwise fully inaccessible or at least would be viewed
only in a single view. Such prominent cases that were
quintessentially aided by micro-CT scanning include the
documentation of fossil skeletons of lizards and snakes
embedded on matrix (e.g., Cernansky et al., 2017; Klem-
bara & Cerﬁansk;’c 2020; Smith & Habersetzer, 2021;
Smith & Scanferla, 2021), squamates included in fossil
amber (Bolet et al., 2021; Cerﬁansk;’r et al,, 2022; Daza
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et al., 2018), the investigation of the microanatomy, his-
tology, and other internal structures in isolated fossil
remains (e.g., Georgalis & Scheyer, 2019, 2021; Georga-
lis et al., 2021; Smith et al., 2018), as well as the study of
the skeletal anatomy of extant squamates that are either
rare in museum wet collections or either too delicate to
be properly skeletonized (e.g., Bell et al., 2021; Cernansky
& Syromyatnikova, 2021; Gauthier et al., 2012; Klembara
et al., 2017; Linares-Vargas et al,, 2021; Martins et al,,
2021). Accordingly, this recent wave of CT-scanning-
based squamate research has allowed novel anatomical
interpretations, thus leading to a more comprehensive
understanding of the evolution, anatomy, and phyloge-
netic affinities of extant and extinct lizards and snakes.
We here describe a partial, postcranial fossil skeleton of
a snake from the middle Miocene of the Swiss Molasse
in Képfnach mine, near Zurich, Switzerland. The skel-
eton, embedded on a block of coal and still partially
covered by a thin coal layer, is rather crushed and only
some articulated vertebrae can be directly visible. With
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the application of micro-CT scanning in the specimen
and subsequent 3D imaging, we digitally reconstruct the
preserved vertebral column and elucidate many aspects
of its vertebral morphology, which would have otherwise
remained obscure, providing clues about its taxonomic
determination.

2 Institutional abbreviations

HNHM, Hungarian Natural History Museum, Buda-
pest, Hungary; MDHC, Massimo Delfino Herpetological
Collection, University of Torino, Torino, Italy; MNCN,
Museo Nacional de Ciencias Naturales, Madrid, Spain;
MNHN, Muséum national d’Histoire naturelle, Paris,
France; NHMUK, Natural History Museum, London,
United Kingdom; NHMW, Naturhistorisches Museum
Wien, Vienna, Austria; PIMUZ, Palaeontological Insti-
tute and Museum of the University of Zurich, Switzer-
land; ZZSiD, Institute of Systematics and Evolution of
Animals, Polish Academy of Sciences, Krakéw, Poland.

3 Locality

The specimen PIMUZ A/III 191 originates from the Kép-
fnach coal mine, near Horgen, in the Canton of Zurich,
Switzerland. The locality pertains to the Upper Fresh-
water Molasse (OSM), which spans from the late early
to the early late Miocene (MN 4b—MN 9). In particular,
more precisely, the Kdpfnach coal mine is considered to
be of a middle Miocene (Langhian, MN 5) age (Krsnik
et al,, 2021). The molasse lignite/coal deposits of Horgen/
Kéapfnach on the left bank of the Zurich lake were already
mentioned in the chronicle of Johannes Stumpf in 1548
(Stumpf, 1548) and mining activities occurred, with sev-
eral interruptions, until 1946 (Pavoni, 1957). Vertebrate
fossils became known from the locality since more than
two centuries, which is famous especially for its abundant
fossil remains of large mammals, such as proboscideans
and rhinocerotids, but generally pertaining to a number
of different tetrapod groups (e.g., Kaup, 1859; Mennecart
et al., 2021; Pickford, 2016; Schinz, 1822, 1833).

4 Material and methods

The partial snake skeleton described herein is perma-
nently curated at the collections of PIMUZ. The speci-
men was recovered from the Kipfnach mine in 1938 and
has remained undescribed since then. This is partially
because the bone and coal did not separate well so that
initial mechanical preparation of some of the vertebrae
was causing too much surface damage to the bones; the
remainder of the specimen was thus left unprepared.
It was micro-CT scanned using a Nikon XTH 225 ST
CT Scanner housed at the Anthropological Depart-
ment of the University of Zurich. The micro-computed
tomography scan of the specimen PIMUZ A/III 191 was
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taken using a 1 mm copper filter, and with a voltage of
181 kV and a current of 206 pA, yielding a voxel size of
0.056026 mm. The datasets were then visualized using
Materialise Mimics Version 23. The micro-CT scan data
and the 3D surface files (.PLY files) are available on Mor-
phosource repository (https://www.morphosource.org/)
(see “Availability of data and materials” below for details);
the 3D surface files, along with a flythrough video of the
micro-CT scan are also available in Additional files 1, 2,
3 and 4. Comparative vertebral material of extant and
extinct snakes was studied at the collections of HNHM,
MDHC, MNCN, MNHN, NHMUK, NHMW, PIMUZ,
and ZZSiD.

5 Systematic palaeontology

Squamata Oppel, 1811

Serpentes Linnaeus, 1758

Alethinophidia Nopcsa, 1923

Caenophidia Hoffstetter, 1939

Colubroides Zaher et al., 2009

Colubriformes Giinther, 1864 (sensu Zaher et al., 2009).

Colubriformes indet.

Figures 1, 2, 3 and 4, Additional files 1, 2, 3 and 4.

Material: PIMUZ A/III 191, a partial articulated post-
cranial skeleton (Figures 1, 2, 3 and 4, Additional files 1,
2,3 and 4).

Description: PIMUZ A/III 191 is a partial, incomplete
skeleton, comprising 21 preserved articulated trunk ver-
tebrae and many ribs (Figs. 1, 2 and 3; Additional file 1).
Judging from the width of the haemal keel and the depth
of the subcentral grooves, these vertebrae originate from
the mid- to posterior trunk portion of the column. The
specimen is highly crushed, being dorsoventrally com-
pressed, so that many structures in the vertebrae cannot
be fully discerned or are deformed, particularly when
seen in anterior, posterior, and lateral views. The verte-
brae are relatively small and much longer than wide (cen-
trum length of approximately 6.7 mm and neural arch
width of approximately 5.5 mm; average ratio of centrum
length to neural arch width of approximately 1.22). The
following description is based on the two segmented
vertebrae, which represent the 10th and 11th verte-
brae among the preserved articulated series (Fig. 3b—m;
Additional files 2 and 3), but some structures are dis-
cerned from other vertebrae where these are more fully
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Fig. 1 Colubriformes indet. (PIMUZ A/IIl 191) from the middle Miocene of Kapfnach, Switzerland. a, b Photograph (a) and overview 3D model (b) of
the fossil skeleton on the slab
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Fig. 2 Colubriformes indet. (PIMUZ A/Ill 191) from the middle Miocene of Kapfnach, Switzerland. 3D models of the skeleton PIMUZ A/IIl 191 in
dorsal (a), ventral (b), and lateral (c) views
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Fig. 3 Colubriformes indet. (PIMUZ A/IIl 191) from the middle Miocene of Kapfnach, Switzerland. a 3D model of the skeleton indicating the position
of the two segmented vertebrae; b—g 3D models of the first vertebra in anterior (b), posterior (c), right lateral (d), left lateral (e), dorsal (f), and ventral
(g) views; h-m 3D models of the second vertebra in anterior (h), posterior (i), right lateral (j), left lateral (k), dorsal (I), and ventral (m) views
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preserved. In anterior view (Fig. 3b, h), most structures
appear rather deformed. The neural spine is moderately
thick. The zygosphene is thin. The neural canal is practi-
cally not visible as, due to the crush, the zygosphene has
reached the dorsal level of the cotyle. The prezygapophy-
ses are dorsally inclined, though their degree of that incli-
nation cannot be properly assessed. The synapophyses
extend ventrally from the ventral level of the cotyle. Para-
cotylar foramina are present, as it can be observed in the
axial view of the micro-CT scan (Fig. 4; Additional file 4).
In posterior view (Fig. 3c, i), the zygantrum is highly
crushed. The condyle is dorsoventrally flattened, though
this flattening could arise of course due to the overall
crushed nature of the vertebra. In lateral view (Figs. 2c
and 3d, e, j, k), the neural spine is not fully preserved in
any vertebra but seems to have been moderately high;
it abruptly augments in height anteriorly and seems to
possess approximately that same height throughout its
length (Fig. 2c). The interzygapophyseal ridges are rather

blunt. Lateral foramina are present, situated into a deep
depression below the interzygapophyseal ridge. In dor-
sal view (Figs. 2b and 3f, 1), the neural spine crosses most
of the midline of the neural arch; it commences behind
the posterior border of the zygosphene. The shape of the
zygosphene cannot be properly assessed but it seems
that it possessed distinct lateral lobes. Prezygapophyses
extend more laterally than anteriorly. Prezygapophyseal
articular facets are large and oval-shaped. Prezygapophy-
seal accessory processes are present and relatively promi-
nent and elongated. The interzygapophyseal constriction
is moderately deep. Epizygapophyseal spines are present
in the postzygapophyses. The posterior median notch of
the neural arch is very deep. In ventral view (Figs. 2b and
3g, m), the haemal keel is moderately wide; it is consid-
erably thicker towards its posterior edge and a constric-
tion is present around its half-length. The haemal keel
crosses almost the whole midline of the centrum, com-
mencing anteriorly from the ventral lip of the cotyle
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Fig. 4 Colubriformes indet. (PIMUZ A/Ill 191) from the middle
Miocene of Kdpfnach, Switzerland. Axial section of the micro-CT scan,
indicating the presence of paracotylar foramen (note that this is only
one section, more or less horizontal, through the vertebra, and as
such, does not show the location of the foramen as would be visible
from outside, but only a single position of the foramen as it enters

and progresses into and extends within the centrum)

and terminating posteriorly slightly prior to the poster-
oventral edge of the condyle. The subcentral grooves are
prominent and rather deep. Subcentral foramina are pre-
sent. The subcentral ridges are blunt and roughly straight.
The synapophyses are well-divided into diapophyses and
parapophyses.

6 Discussion

A precise taxonomic identification of the partial skel-
eton PIMUZ A/III 191 is hampered by its incomplete
and crushed nature, as well as the current poor under-
standing of the systematics and vertebral morphology
of Neogene snakes. PIMUZ A/III 191 can be referred
to Colubriformes based on the combination of the fol-
lowing features: vertebrae lightly built and longer than
wide, the presence of paracotylar foramina and elongated
prezygapophyseal accessory processes, and synapophyses
divided into diapophyses and parapophyses (Rage, 1984;
Zaher et al., 2019). It should be noted also that an elonga-
tion of the centrum is also present outside colubriforms,
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e.g., in vertebrae of scolecophidians and ungaliophiids
(Georgalis & Smith, 2020; Smith, 2013; Smith & Georga-
lis, 2022; Szyndlar, 1991), however, their morphology is
distinctly different than the Swiss Miocene snake.

Colubriformes represents the dominant and most
diverse snake group globally since the onset of the Mio-
cene and is particularly rich and abundant in the Neogene
and Quaternary of Europe (Szyndlar, 1991, 2012; Zaher
et al,, 2009, 2019). Within Colubriformes, the absence of
hypapophyses in mid- and posterior trunk vertebrae in
PIMUZ A/III 191 excludes its referral to natricids, elap-
ids, and viperids, which all had a widespread fossil record
in the European Miocene. In palaeontological literature,
all colubriforms from Eurasia which lacked hypapophy-
ses in their mid- and posterior trunk vertebrae have been
traditionally lumped together into a paraphyletic assem-
blage termed “Colubrinae” (e.g., Georgalis et al., 2018;
Rage, 1984; Szyndlar, 1984, 1991, 2012); a similar trend
also applied for long time among herpetologists, who
were lumping most extant colubriforms without hypa-
pophyses in mid- and posterior trunk vertebrae into an
expanded concept of Colubridae (e.g., Bogert, 1940;
Boulenger, 1896; Bourgeois, 1968; Dowling & Duellman,
1978; Underwood, 1967). However, recent phylogenies
have disentangled the affinities among many colubriform
lineages, revealing that certain of these “colubrines” or
colubrids are not actually related to “true” Colubridae
(Georgalis et al., 2018, 2019; Szyndlar, 2012). Such nota-
ble European (extinct and extant) examples represent
the dipsadids and psammophiids, which have a “typical”
colubrid vertebral morphology, lacking hypapophyses in
mid- and posterior trunk vertebrae, but are only much
distantly related to Colubridae (Georgalis & Szyndlar,
2022; Georgalis et al., 2019). Among these two non-col-
ubrid groups, dipsadids are absent in extant European
herpetofaunas but are present in the continent during
the Miocene (Rage & Holman, 1984; Villa et al,, 2021),
while psammophiids first appear in Europe in the latest
Miocene and are still components of its ophidian fauna
(Georgalis & Szyndlar, 2022; Szyndlar, 1991, 2012; Villa
et al,, 2021). In addition, during the Miocene, Europe
was also inhabited by certain colubriform taxa that also
lacked hypapophyses in mid- and posterior trunk verte-
brae, but cannot be safely assigned to a particular group,
for example Texasophis Holman, 1977 (e.g., Rage & Hol-
man, 1984; Szyndlar, 1987, 1991).

Certain interesting features of the Swiss fossil, which
can still be assessed despite its crushed preservational
state, include the neural spine crossing most of the neu-
ral arch and abruptly augmenting in height in its ante-
rior border (rather than a gradual augmentation), the
moderately wide haemal keel with a constriction at
around its mid-height, the deep posterior median notch
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of the neural arch, the elongation of the prezygapophy-
seal accessory processes, the moderately deep interzyga-
pophyseal constriction, and the presence of paracotylar
foramina. These features nevertheless, are all widespread
among Neogene and Quaternary European colubriforms
(excluding natricids, elapids, and viperids). Furthermore,
as already aptly emphasized by Szyndlar (1991, 2012), a
genus-level vertebral identification of the Neogene and
Quaternary small-sized colubriforms from Europe is
a considerably difficult task, due to the general resem-
blance among vertebrae of most different species as well
as the high degree of intraspecific and intracolumnar
variation.

As such, we cannot refer with certainty PIMUZ A/
III 191 to either Colubridae, Dipsadidae, Psammophii-
dae, or even some other (unknown) colubriform line-
age; in any case though, we would expect psammophiid
affinities as less likely due to a stratigraphic rationale
(the Swiss specimen is much older than the first appear-
ance of this group in Europe). Accordingly, we only ten-
tatively identify the Swiss specimen as Colubriformes
indet. Nevertheless, this new indeterminate colubriform
from the middle Miocene of Kipfnach adds to the so far
poorly documented and exceedingly rare fossil record of
snakes from Switzerland, which was up to now confined
exclusively to constrictors from the middle—late Eocene
of Dielsdorf, Canton Zurich (Georgalis & Scheyer, 2019;
Rosselet, 1991) and the late Eocene of the Mount Mor-
mont, Canton Vaud (Pictet et al., 1855-1857), as well as
a few fragmentary remains of indeterminate viperids and
?colubrids from the early Miocene of Wallenried, Canton
Fribourg (Mennecart et al,, 2016). Micro-CT scanning
and 3D imaging technologies currently offer an unprec-
edented potential to further explore such “elusive” fossil
specimens embedded on matrices, allowing more com-
prehensive studies on the evolution and taxonomic com-
position of squamates from Europe.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/500015-022-00417-w.

Additional file 1: Model 1. 3D model of the partial skeleton PIMUZ A/
111191 of Colubriformes indet. from the middle Miocene of Képfnach,
Switzerland.

Additional file 2: Model 2. 3D model of the first segmented vertebra of
PIMUZ A/II1 191

Additional file 3: Model 3. 3D model of the second segmented vertebra
of PIMUZ A/III191.

Additional file 4. Flythrough video of the micro-CT scan of the partial
skeleton PIMUZ A/IIl 191 of Colubriformes indet. from the middle Miocene
of Kapfnach, Switzerland.
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