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Alfonso-Rojas A., Vanegas R. D., Marifio-Morejon E. & Cadena E.-A. 2023. — Newly discovered fossils provide
novel insights on the biology of the South American Miocene snake Colombophis Hoffstetter & Rage, 1977, in
Carrillo J. D. (ed.), Neotropical palaeontology: the Miocene La Venta biome. Geodiversitas 45 (13): 377-399.
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ABSTRACT

Colombophis Hoflstetter & Rage, 1977 was an alethinophidian snake that inhabited South America
from Middle to Late Miocene. Since its discovery, its position within the phylogenetic tree of snakes
has been controversial, due the fact that it is a taxon based solely on postcranial elements. Here, we
describe several fossils, potentially representing 50 individuals belonging to this genus, which were

KEY ng I:lg ;S, discovered in La Tatacoa desert, Colombia. Furthermore, we report for the first time the presence
Colombophis, of parazygantral foramina in Colombophis vertebrae, which are similar to those observed on madt-
h’/{jocene, soiids. Although most of the fossils described herein are fragmentary, they support the placement
South Aﬁ:ﬁgg: of this snake among the alethinophidians. Additionally, considering the vertebrae size, we suggest a
Anilioidea.  potential non-fossorial lifestyle.
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RESUME

Des fossiles récemment décowverts fournissent de nouvelles informations sur la biologie du serpent miocéne
sud-américain Colombophis Hoffstetter & Rage, 1977.

Colombophis Hoflstetter & Rage, 1977 est un serpent alethinophidien qui a habité 'Amérique du
Sud du Miocéne moyen au Miocéne supérieur. Depuis sa découverte, sa position dans 'arbre phy-
logénétique des serpents a été controversée, car sa description était basée uniquement sur des élé-
ments postcraniens. Ici, nous décrivons plusieurs fossiles, représentant potentiellement 50 individus
appartenant a ce genre, qui ont été découverts dans le désert de La Tatacoa, en Colombie. De plus,
nous rapportons pour la premiére fois la présence de foramina parazygantraux dans les vertebres de
Colombophis, qui sont similaires & ceux observés sur les mastoides. Bien que la plupart des fossiles
décrits soient fragmentaires, ils soutiennent le placement de ce serpent parmi les alethinophidiens. De
plus, compte tenu de la taille des vertebres, nous suggérons un potentiel mode de vie non fouisseur.

RESUMEN

Fésiles recién descubiertos aportan nuevos conocimientos sobre la biologia de la serpiente Colombophis
del Mioceno sudamericano.

Colombophis Hoffstetter & Rage, 1977 fue una serpiente aletinofidia que habité América del Sur
durante el Mioceno medio a superior. Desde su descubrimiento, su posicién dentro del 4rbol filoge-
nético de las serpientes ha sido controversial, debido a que es un taxén definido tinicamente por ele-
mentos del postcrdneo. Aqui describimos varios fésiles que potencialmente representan 50 individuos
pertenecientes a este género, los cuales fueron descubiertos en el desierto de La Tatacoa, Colombia.
Ademds, reportamos por primera vez la presencia de fordmenes parazigantrales en las vértebras de
Colombophis, los cuales son similares a aquellos observados en madtsoidos. A pesar de que los fésiles
acd descritos son fragmentarios, estos soportan la posicién de esta serpiente dentro de los aletinofi-
dios. Adicionalmente, considerando el tamano de las vértebras, sugerimos un posible estilo de vida

Anilioidea. diferente al fosorial.

INTRODUCTION

During the Miocene, northern South America was place with
adiverse fauna of reptiles, principally turtles (Cadena ez al.
2020a, b and references therein), crocodilians (Langston &
Gasparini 1997; Aguilera et al. 2006; Scheyer er al. 2013;
Souza et al. 2021 and references therein), and squamates
(Albino & Brizuela 2014; Onary et al. 2017; Carrillo-
Bricefo et al. 2019; Carrillo-Bricefo et «/. 2021a and
references therein). Regarding squamates, perhaps one of
the most enigmatic fossils is the alethinophidian snake
Colombophis Hofstetter & Rage, 1977; which was discov-
ered in the Colombian department of Huila, in the locality
of La Venta, La Tatacoa Desert, Villavieja town (Fig. 1).
The initial description of this genus and single species C.
portai Hoffstetter & Rage, 1977 was based on around 40
precloacal vertebrae (Hoffstetter & Rage 1977) (Fig. 2A).
Since then, many other specimens have been discovered in
La Tatacoa Desert (Hecht & LaDuke 1997), and in other
Middle to Late Miocene localities from Venezuela, Brazil
and Peru (Head ez 2l 2006; Hsiou ez a/. 2010; Carrillo-
Bricefio er al. 2021a) (Fig. 1A). More than a decade ago,
Hsiou ez al. (2010) proposed the existence of a second
species C. spinosus Hsiou, Albino & Ferigolo, 2010, based
on the unusual well-developed neural spine exhibited by
some specimens, not present on C. portai.
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Since it was discovered, Colombophis has been considered
an “anilioid” (Anilioidea) snake. “Anilioidea” constitutes a
paraphyletic group including the extant Anilius scytale Lin-
naeus, 1758 (red pipe snakes), Cylindrophidae (Asian pipe
snakes), Anomochilidae (dwarf pipe snakes), Uropeltidae
(shield-tail snakes) and the fossil taxa Coniophis Marsh, 1892;
Australophis Gémez, Bdez & Rougier, 2008; Eoanilius Rage,
1975 and Hoffstetterella Rage, 1998 (Hsiou ez al. 2010 and
references therein, but see Head 2021). The attribution of
Colombophis as potentially member of “Anilioidea” was sug-
gested based on shared vertebral morphology with Gylindrophis
Wagler, 1828; both taxa exhibiting a reduced neural spine,
a depressed neural arch, highly inclined prezygapophysis,
and the placement of the subcentral foramina (Fig. 2AE).
However, molecular studies have demonstrated the paraphyly
of “Anilioidea”, grouping cylindrophiids, anomochilids and
uropeltids into the superfamily Uropeltoidea, while Anili-
idae is now considered as the sister group of Tropidophiidae
(dwarft boas) (Vidal ez 2. 2007; Pyron et al. 2013; Figueroa
et al. 2016; Burbrink ez 2/. 2020).

The placement of Colombophis as member of “Anilioidea”
is still controversial as many of the shared characters with
other “anilioids” are plesiomorphic, present also in basal
snakes (Hsiou ez a/. 2010) or homoplasies shared by other
squamates with a fossorial or cryptozoic lifestyle (Head
2021) (Fig. 2). Moreover, Head (2021) using six apomorphic

GEODIVERSITAS ¢ 2023 e 45 (13)
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Fic. 1. — Location map of the different localities where Colombophis spp. fossils have been collected in: A, South America; B, The Tatacoa Desert area. Strati-
graphic units and geological map of the Tatacoa Desert were modified from Montes et al. 2021: fig. 4.

characters mapped onto a molecular topology (following MATERIAL AND METHODS
Pyron er al. 2013; Reynolds ez al. 2014), suggested that
Colombophis may have had aflinities with extant Aniliidae ~ FOSSILS AND EXTANT SPECIMENS
or Uropeltidea instead. All studied fossils studied were collected from different
Recent fieldwork activities organized by several Colom-  localities across La Victoria and Villavieja formations (see
bian universities and international institutions including  Fig. 1B and Appendix 3). These localities fall within an
the Smithsonian Tropical Research Institute, Universidad ~ age range of ¢. 13.8 and 11.8 Ma (Mora-Rojas ez al. 2023
del Rosario, Universidad de los Andes, and the Grand  and references therein), which represents the Serravallian
Valley State University; alongside with a group of local  age (Middle Miocene). However, fossils from San Alfonso
amateur paleontologists called the Vigias del Patrimonio  Beds might be as old as 16 Ma (Mora-Rojas ez /. 2023).
Paleontoldgico La Tatacoa have discovered more than 60  All the specimens are housed in the VPPLT collection.
fossils vertebrae from several different individuals. Most of Comparative material used in this study includes the
the new fossils were found disassociated or disarticulated;  postcranial elements from different specimens of extant
all of them resembling the vertebral morphology previ-  Aniliidae, Cylindrophidae, Uropeltidae, Tropidophiidae
ously described for Colombophis. These fossils have been  and “scolecophidians”, which are listed in Appendix 4.
found in 11 different localities along the La Tatacoa Desert  Additionally, we used morphological descriptions of
(Fig. 1B). Here we describe these fossils, and discuss their  Anilius scytale and Cylindrophis ruffus Laurenti, 1768;
implications for understanding the biology, ecology and  from Carrillo-Bricefio ez a/. (2021b) and Ikeda (2007)
systematic paleontology of this ancient snake. respectively.

GEODIVERSITAS © 2023 » 45 (13) 379
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MICROTOMOGRAPHY

The holotype of Colombophis portai MNHN-VIV-6 speci-
men was scanned using a micro-computer tomography on
a v|tome|x 240 L from Baker Hughes Digital Solutions at
MNHN facilities. The scan was performed using a volt-
age of 140 kV, a current of 195 mA and a voxel resolution
of 27.34 pm. Additionally, five vertebrae of Colombophis
VPPLI-798, VPPLI-1006, VPPLT-1564 and VPPLT-1740
specimens were scanned using a Multi-Scale X-Ray Micro-
CT Bruker SkyScan 2211 in the Microanalysis laboratory
at Yachay Tech University, Imbabura, Ecuador. The scans
were performed using voltages between 60-100 kV, cur-
rents between 200-450 pA and voxel resolutions of 5 to
17 pm. The reconstructions were performed using NRecon
v1.7.1. All volumes were analyzed using 3D Slicer v5.0.2
(Fedorov et al. 2012).

TERMINOLOGY AND MEASUREMENTS

For osteological terminology, we followed Auffenberg (1967),
Hoffstetter & Gasc (1969), and Rage (1984). Precloacal
vertebrae were classified in anterior-trunk, mid-trunk and
posterior-trunk regions following LaDuke (1991). Even
though the use of ratios based on vertebrae measurements
has been controversial (Holman 2000). Hsiou ez 2/. (2010)
found that some proportions may help to distinguish between
Colombophis portai and C. spinosus. Therefore, we measured
different regions of the vertebrae, and calculate some ver-
tebral proportions which might be relevant for vertebrae
identification following Auffenberg (1967).

Most measurements were taken with a caliper, but incli-
nation angles and small vertebrae were measured using a
reference scale in Image] 1.52a (Schneider ez al. 2012).
Measurements are expressed in millimeters and inclina-
tions in degrees.

PHYLOGENETIC ANALYSES

In order to test the monophyly of the two species of Colom-
bophis, and evaluate their phylogenetic relationships within
the Serpentes clade, we modified the morphological matrix
of Scanferla & Smith (2020), which includes 201 osteo-
logical characters and 48 terminal taxas including fossil
snakes, and representatives of extant “scolecophidians”,
“anilioids” and macrostomous alethinophidians. The matrix
was analized in combination with the molecular data used
by Scanferla & Smith (2020), which includes mitochon-
drial (128, 168, Cytb) and nuclear (BDNE, Cmos, NTEF3,
NGFB and PNN) DNA sequences for the extant taxa (see
Appendix 5).

We performed a maximum parsimony analysis in TNT
(Tree Analysis using New Technology) V 1.5 (Goloboff &
Catalano 2016), using Varanus salvator Laurenti, 1768 as
outgroup. All characters were used in a traditional search
under equal weights, using 1000 replicates obtained by
random addition sequence and search for new tree topolo-
gies with the tree bisection and reconnection algorithm
(TBR), saving 20 trees per replicate. For the resulting
strict consensus tree we calculated the Bremer support
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values, as well as the consitency (CI) and retention (RI)
indices. We used the script STATS.RUN to obtain CI
and RI indices.

PALEOECOLOGY

To infer the potential ecology of Colombophis, we performed
a bone compactness analysis using the micro-tomographed
specimens (see Appendix 1). We followed the approach
proposed by Houssaye ez al. (2013), calculating the global
compactness as the total area of the transverse section (not
including the neural canal), minus the area occupied by
cavities, multiplied by 100 and divided by total area of
the section (not including the neural canal). We used the
global compactness in transverse section (Cts) only, as it
has proven to be more reliable regarding ecological habits
(Houssaye ez al. 2019). To compare our results, we combined
the Ecology and Cts values of different snakes (Appendix 6)
from Houssaye ez al. (2013: table 1) and Houssaye ez al.
(2019: table 2).

ABBREVIATIONS
Institutional abbreviations

IGM Museo Geoldgico Nacional José Royo y Gémez, Servi-
cio Geolégico Colombiano (former INGEOMINAS),
Bogotd;

MNHN Muséum national d’Histoire naturelle, Paris;

UF-H Herpetological collection, Florida Museum of Natural
History, University of Florida, Gainesville;

UR Museo de Historia Natural, Universidad del Rosario,
Bogotd, Colombia;

VPPLT Coleccién Museo de Historia Natural la Tatacoa, Vil-

lavieja, Colombia.

Anatomical abbreviations

cn condyle;

ct cotyle;

di diapophysis;

he hemapophysis;

hk haemal keel;

hy hypapophysis;

If lateral foramen;

nc neural canal;

ns neural spine;

pa parapophysis;

paf paracotylar foramen;
po postzygapophysis;

pr prezygapophysis;

pzf parazygantral foramen;
sf subcentral foramen;
zg zygantrum;

zs zygosphene.

Anatomical measurements

cl centrum length;

coh condyle height;

cow condyle width;

cth cotyle height;

ctw cotyle width;

h total height of vertebra;

naw neural arch width at interzygapophyseal ridge;
nch neural canal height;

new neural canal width;

GEODIVERSITAS ¢ 2023 e 45 (13)
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Fic. 2. — Comparison of Colombophis Hoffstetter & Rage, 1977 mid-trunk vertebrae with extant fossorial squamates: A, Colombophis portai Hoffstetter & Rage,
1977, MNHN-VIV-6; B, Colombophis spinosus Hsiou, Albino & Ferigolo, 2010, UFAC-PV-2953, modified from Hsiou et al. (2010); C, Anilius scytale Linnaeus,
1758, UF-H-52001; D, Cylindrophis ruffus Laurenti, 1768 UF-H-52673; E, Uropeltis Cuvier, 1829, UF-H-11750; F, Rena dulcis Baird & Girard, 1853, UF-H-
11776; G, Amphisbaena alba Linnaeus, 1758, UR-uncatalogued specimen. Views: 1, anterior; 2, dorsal; 3, lateral; 4, ventral; 5, posterior views. Scale bars: A, B,
G, 10 mm; C, D, E, 5 mm; F, 1 mm.

po-po width across postzygapophyses; prw prezygapophysis width;
pr-pr width across prezygapophyses; zh zygosphene height;
pr-po distance between pre and postzygapophyses of the  zw zygosphene width;
same side; <pr orientation of prezygapophyses measured on the
prl prezygapophysis length; anterior face from the horizontal plane.

GEODIVERSITAS * 2023 * 45 (13) 381
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SYSTEMATIC PALEONTOLOGY

Order SQUAMATA Oppel, 1811
Suborder SERPENTES Linnaeus, 1758
Infraorder ALETHINOPHIDIA Nopcsa, 1923
Genus Colombophis Hoflstetter & Rage, 1977

Colombophis portai Hoffstetter & Rage, 1977
(Figs 3-5)

Colombophis portai Hoflstetter & Rage, 1977: 174.

REVISED DIAGNOSIS. — Fossil snake with pre-cloacal vertebrae
medium to large in size (cl = ¢. 5-11 mm); the neural arch is de-
pressed, with a shallow median notch in the posterior border; neural
spine is reduced to a small tubercle with a circular or triangular
outline from dorsal view, and is restricted to the posterior end
of the neural arch; prezygapophyses are anterolaterally oriented
and highly inclined above the horizontal plane, reaching the
level of the zygosphene roof; prezygapophyzeal process is short;
presence of paracotylar and parazygantral foramina is variable;
synapophyses are undivided; haemal keel is broad with a single or
divergent apophysis in the posterior end; subcentral foramina are
usually placed close to the sagittal plane, usually small but can be
enlarged or absent; the centrum length is longer than the neural
arch width (cl > naw); the neural arch is longer than width (pr-
po > naw) and the length is proportional to its high (pr-po = ¢. h).

REFERRED MATERIAL . — VPPLT-0067, an anterior-trunk vertebra
(Fig. 3C); VPPLT-0068 (Fig. 3D), an anterior-trunk vertebra; VP-
PLT-0070, a posterior-trunk vertebra; VPPLT-0430, a mid-trunk
vertebra; VPPLT-0799, a mid-trunk vertebra; VPPLT-0845, a
fragmentary mid-trunk vertebra; VPPLT-0869, a posterior-trunk
vertebra; VPPLT-0871, a fragmentary mid-trunk vertebra; VP-
PLT-1006, a mid-trunk vertebra (Fig. 3A, B); VPPLT-1160, a
fragmentary posterior-trunk vertebra; VPPLT-1166, a posterior-
trunk vertebra; VPPLT-1253, a posterior-trunk vertebra; VP-
PLT-1551, two associated mid-trunk vertebrae; VPPLT-1564, nine
pre-cloacal articulated vertebrae together with seven associated
and badly preserved fragments of rock matrix with ribs and ver-
tebral fragments embedded (Fig. 5); VPPLI-1731, a fragmentary
mid-trunk vertebra; VPPLT-1734, a mid-trunk vertebra; VP-
PLT-1735, four mid-trunk vertebrae fragments associated with
a posterior-trunk vertebra (Fig. 3F); VPPLT-1738, a mid-trunk
vertebra; VPPLT-1739, an anterior-trunk vertebra (Fig. 3E); VP-
PLT-1740, five mid-trunk vertebrae fragments associated with a
posterior-trunk vertebrae and a post-cloacal vertebrae (Fig. 4).

Colombophis spinosus Hsiou, Albino & Ferigolo, 2010
(Fig. 6)

Colombophis spinosus Hsiou, Albino & Ferigolo, 2010: 371.

REVISED DIAGNOSIS. — Fossil snake with similar characteristics
of C. portai but differs as most vertebrae are significantly shorter
than high (pr-po < h), and shorter than wide (pr-po < pr-pr). The
neural arch is wider than long (pr-po < naw). In addition, a well-
developed neural spine is present, also restricted to the posterior
margin of the neural arch, with an elliptical to triangular shape in
dorsal view. The prezygapophyses are laterally oriented with well-
developed process and the synapophyses present a weak division.

REFERRED MATERIAL. — VPPLT-0798, a mid-trunk vertebra
(Fig. 6C); VPPLT-0864, a fragmentary mid-trunk vertebra;
VPPLT-1093, eight associated mid-trunk vertebral fragments
(Fig. 6D); VPPLT 1194, five associated mid-trunk vertebral
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fragments; VPPLT 1534 five unassociated vertebral fragments
(Fig. 6F); VPPLT 1728, a mid-trunk vertebra (Fig. 6A, B); VP-
PLT-1741, four associated, anterior-trunk vertebrae (Fig. 6E).

Colombaphis sp.

REFERRED MATERIAL. — More than 20 vertebral fragments (see
Appendix 3), most of them correspond to partially complete or
fragmentary precloacal vertebrae.

REMARKS

Listed specimens were assigned to Colombophis as they exhibit
the following features: medium to large size (cl = ¢. 8 mm,
po-po = ¢. 11 mm); slightly depressed neural arch with a
shallow median notch on the posterior border; the neural
spine is reduced and restricted to the posterior end of the
neural arch; moderately inclined prezygapophyses which
usually reach the zygosphene roof level; short prezyga-
pophyseal process; paracotilar foramina present in most
vertebrae; weakly divided synapophyses; broad haemal
keel with small to absent subcentral foramina close to the
sagittal plane and bear one or two small apophyses with a
tubercular shape placed on the ventral margin on anteriorly
to the condyle. Lateral foramina located near the base of
the neural canal anteriorly to the neural arch constriction.

DESCRIPTIONS

Anterior-trunk vertebrae

These vertebrae are shorter (cl < h) than the pre-cloacal
vertebrae for Colombophis spp. (C. portai, C. spinosus, and
C. sp.). Despite being broken on most of the specimens,
the hypapophyses are postero-ventrally oriented and located
behind the sub-central foramina also, hypapophyses have a
circular (Fig. 3D) or a flattened shovel-like shape (Figs 3E;
6E) in posterior view.

Mid-trunk vertebrae

These vertebrae are the largest and most distinctive of
Colombophis spp. Prezygapophyses are anterolaterally
oriented, and usually reach the zygosphene roof level.
Ventrally, the haemal keel is broad, usually with a pair of
small sub-central foramina placed anterior to the coronal
plane (Figs 3A, B; 4A, B; 51, J; 6A-C). The posterior end
of the haemal keel usually presents a tubercular or bifid
structure. Neural arch is broad and slightly depressed,
visible from posterior region view. The zygantra possesses
a deep foramen inside. Neural spines are restricted to the
posterior region of the neural arch, being poorly devel-
oped (tubercle like) in C. portai (Figs 3A, B; 4A-D; 5G,
H), but well developed in C. spinosus where the anterior

edge of this structure rarely reach the coronal plane of the
vertebra (Fig. 6A-D).

Posterior-trunk vertebrae
These vertebrae are easily recognized by the presence of sub-
central paramedian lymphatic fossae, which create a notched
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Fic. 3. — Colombophis portai Hoffstetter & Rage, 1977 specimens! A, B, VPPLT-1006; C, VPPLT-0067; D, VPPLT-0068; E, VPPLT-1739; F, VPPLT-1735. Views:

1, anterior; 2, dorsal; 3, lateral; 4, ventral, 5, posterior views. Scale bars: 10 mm.

section between the cotyle and the synapophyses (Figs 3F;
4E, F; 6F). Pre-condylar constriction of the centrum is strong
compared to anterior or mid-trunk vertebrae, which also makes
the haemal keel less broad. Prezigapophyses are less inclined
and do not reach the zygosphene level. In some specimens of
C. portai, the posterior end of the haemal keel extends ven-
trally creating a structure similar to a hypapophysis (Fig. 4E,F)
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Ribs

Ribs are only present in VPPLT-1564 specimen, unfor-
tunately they are badly preserved. However, they seem
to be fully ossified and slender, apparently longer than
the vertebral centrum (Fig. 5C, D). The articular facet is
smooth without a clear division on the articular facets,
which corresponds to undivided synapophyses.
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Fic. 4. — Colombophis portai Hoffstetter & Rage, 1977 VPPLT-1740 specimen, which consists of seven associated vertebrae: A, B, mid-trunk vertebra; C, D, mid-
trunk vertebra; E, F, posterior-trunk vertebra. Views: 1, anterior; 2, dorsal; 3, lateral; 4, ventral; 5, posterior views. Scale bar: 10 mm.

Post-cloacal vertebrae

A potential post-cloacal vertebra was found associated in the C.
portai specimen VPPLT-1740. (Fig. 7A) This vertebra is consider-
ably more vaulted than the associated precloacal vertebrae (Fig. 4).
Posteroventral blade like structures are present, resembling paired
haemapophyses. The subcentral foramina faces antero-ventrally
near to the base of haemapophyses. Prezygapophyses are short
and more laterally oriented, with little or no inclination. The
neural spine is a relatively high lamina, considerably different
from the neural spine shape of Colombaphis spp.

Ontogenetic variation

Most of the specimens belong to adults as they are fully ossified
and present a medium to large size. However, VPPLT-1006
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specimen (Fig. 3A, B), may represent a juvenile or sub adult
individual based on its small size and the ovoid shape of the
cotyle (Hsiou ez al. 2010), it also lacks a developed prezygapo-
physeal processes, it has a narrow zygosphene and a relatively
large neural canal as it happens in extant and ancient snake
neonates (LaDuke 1991; Xing ez al. 2018).

Parazgygantral foramina

Parazygantral foramina are present in both species of Colom-
bophis, but only in two specimens (VPPLT-1728 and VPPLT-
1740), as well as in the holotype MNHN-VIV-6 (Figs 4A, B;
6A, B; 7). These structures appear as a single foramen with or
without small pits aside, which are interconnected internally
with the foramen, (Fig. 8). Pits may appear also in specimens
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Fic. 5. — Colombophis portai Hoffstetter & Rage, 1977 VPPLT-1564 specimen: A, B, nine articulated precloacal vertebrae; C, D, several fragments of precloa-
cal vertebrae and ribs embedded in the rock matrix; E-1, three articulated precloacal vertebrae in dorsal (E, F), anterior (G) and ventral (H, 1) views; J-M, isolated
vertebra in anterior (J, K) and posterior (L, M) views. Scale bars: A, B, 50 mm; C-N, 10 mm.

with no clearly defined foramen (Figs 6C; 8E, F). The internal  pits are interconnected with the zygantral and lateral foramina.
structure of the vertebrae reveals that the dorso-posterior region  This feature is particularly visible in VPPLT-1728 specimen,
of the vertebra (postzygapophyses and neural arch) is highly =~ where the internal structure is infilled with a denser material
vascularized, where the parazygantral foramina and itsassociated  that creates a perfect endocast of the vertebra (Fig. 8G, H).
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Fic. 6. — Colombophis spinosus Hsiou, Albino & Ferigolo, 2010 from the Tatacoa Desert: A, B, VPPLT-1728; C, VPPLT-0798; D, VPPLT-1093; E, VPPLT-1741;
F, VPPLT-1534. Views: 1, anterior; 2, dorsal; 3, lateral; 4, ventral, 5, posterior views. Scale bars: 10 mm.

DISCUSSION

VERTEBRAE MORPHOLOGY

The new Colombophis specimens from the Miocene La Victo-
ria and Villavieja formations of Colombia described herein,
provide new information regarding the anatomical features of
the two valid taxa of the genus, C. portai and C. spinosus. The
new findings include the occurrence of large parazygantral
foramina in both species (Fig. 8), which is a feature considered
as a synapomorphy of Madtsoiidae but present also in some
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basal snakes from Gondwana and some boids and colubrids
(Gbémez et al. 2019; Machado-Filho 2020; Singh ez a/. 2021,
and references therein). However, the true nature of the
parazygantral foramina in Colombophis remains debatable,
considering that only have been discovered in few mid-trunk
vertebrae, and apparently provided the same function of the
small pits present in the parazygantral region of other speci-
mens (Fig. 8E, F) in terms of vascularization of the vertebra.

Considering that the finding of new specimens contributes
to a better understanding of the intra-columnar variation
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Fig. 7. — Comparison of VPPLT-1740 post cloacal vertebrae with extant aletinophidians: A, VPPLT-1740 specimen; B, Boa cf. constrictor Linnaeus, 1758, VPPLT-
uncatalogued specimen; C, Tropidophis melanurus (Schlegel, 1837), UF-H-52001; D, Anilius scytale Linnaeus, 1758, UF-H-52001; E, Cylindrophis ruffus Laurenti,
1768, UF-H-52673. Views: 1, anterior; 2, dorsal; 3, lateral; 4, ventral, 5, posterior views. Scale bars: A, B, 10 mm; C, 5 mm; D, E, 3 mm.

Colombophis spp. vertebrae, we tested the utility of the propor-
tions used by Hsiou ez al. (2010) to differentiate C portai from
C. spinosus (see Fig. 9; Appendix 5). Our results suggest that
the depression of the neural arch is similar for both species of
Colombophis, as well as the proportion between the centrum
length and the neural arch width or the proportions between
the widths of the zygosphene and the cotyle (Fig. 9C-E). But
we confirmed that in overall, vertebrae of C portai are more
elongated (pr-po>h, pr-po> pr-pr), which is also reflected in
a neural arch, which is much longer than wide (pr-po/naw
> 1.5) in C. portai, than in C. spinosus (pr-po/naw < 1.5)
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(Fig. 9A, B, F), which represents another key feature to be
considered in the diagnosis of this taxon.

With respect to the prezygapophyses inclination, it appar-
ently presents a significant variation along the vertebral col-
umn, ranging from 18 to 33° (mean = 22.5°). These values
are similar to inclinations reported for members of the genera
Anilius Oken, 1816; Cylindrophis and Uropeltis Cuvier, 1829
(Head 2021) (Fig. 2C-E). Prezygapophyzes from the anterior-
trunk vertebrae usually present an inclination of ¢. 18° that
increases in middle-trunk vertebral series but reduces in the
posterior-trunk.
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Fic. 8. — Parazygantral foramina in Colombophis spp. vertebrae: A, B, C. portai Hoffstetter & Rage, 1977, MNHN VIV-6 (see also Appendix 7); C, D, C. portai,
VPPLT-1740; E, F, C. spinosus Hsiou, Albino & Ferigolo, 2010, VPPLT-798; G, C. spinosus, VPPLT-1728; H, endocast of VPPLT-1728 showing the internal vas-
cularization of the vertebra. Colors: blue, parazygantral foramina; green, zygantral foramina; red, lateral foramina. Views: 1, dorsal; 2, lateral; 3, posterior. Scale

bars: A-F, 5 mm; G, H, 10 mm.

Regarding the post-cloacal vertebra associated with VPPLT-
1740 specimen (Fig. 7A), it presents two distinctive heamea-
pophyses which differ from the morphology of post-cloacal
vertebrae of extant “anilioids” (Fig. 7D, E) and “scolecophid-
ians”, for which these structures are pootly developed or absent
(Hoffstetter & Gasc 1969; Szyndlar ez a/. 2008; Smith 2013).
Furthermore, the overall morphology of the post-cloacal vertebra
resembles those reported in macrostomous snakes (Garberoglio
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et al. 2019) (Fig. 7B, C). Additionally, this vertebra is larger
than the posterior trunk vertebra (Fig. 4E, F) and presents a
well-developed neural spine which contrast with the associ-
ated precloacal vertebrae (Fig. 4), that lacks this feature. For
those reasons we exclude a potential taxonomic affinity with
Colombaphis spp. The association of the post-cloacal vertebra
with Colombophis material could be the result of a collection
bias or a taphonomic artifact.
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Fic. 9. — Comparison of vertebrae ratios for Colombophis spp.: A, pr-po/h, vertebra length to high ratio; B, pr-po/pr-pr vertebra length to width ratio; C, cl/naw,
centrum length to neural arch width ratio; D, pr-pr/h vertebra width to high ratio; E, zw/ctw, zygosphene width to cotyle width ratio; F, pr-po/naw, vertebrae

length to neural arch width ratio.

PHYLOGENETIC CONSIDERATIONS

Phylogenetic analysis using Maximum Parsimony produced 80
equally most parsimonious trees with very low supports (Con-
sistency index CI = 0.459, Retention index RI = 0.405, Tree
length = 9525). The strict consensus tree (Fig. 10) presents very
low Bremer supports (Bremer support value < 1) however, we
recovered different groups like Uropeltoidea, Booidea, Phythoni-
dae, Tropidophidae and Bolyeridae with high bootstrap support
(> 80), as has been demonstrated by molecular only phylogenies
(e.g. Tonini ez al. 2016; Da Silva et al. 2018). C. portai and C.
spinosus are placed among the Alethinophidia clade, which agrees
with the proposed affinities for these taxa by Hsiou ez 2/. (2010)
and Head (2021). But they are not placed together as part of a
monophyletic clade (Fig. 10). However, considering the lower
support of the tree, and that we are relying only with some ver-
tebral characters (¢. 12% of total morphological characters) we
cannot discard the monophyly between the two species.

PALEOECOLOGY

Colombophis spp. pre-cloacal vertebrae morphology resem-
bles those of fossorial or cryptozoic snakes (Hoffstetter &

GEODIVERSITAS 2023 * 45 (13)

Rage 1977; Head 2021), based on the reduced neural
spine, and the depressed neural arch. However, the rela-
tively large size of the snake and development of a neural
spine in C. spinosus makes a fossorial or cryptozoic lifestyle
dubious (Scanferla 2016). Hsiou ez /. (2010) suggested
a potential semi-aquatic lifestyle (specially for C. spino-
sus) based on the paleoenvironment of northern South
America during the Miocene, which was dominated by
large waterbodies and channels, a wetland system called
Pebas (Hoorn ez a/. 2010) and the vertebral similarities
shared with the Cretaceous Dinilysia patagonica Smith-
Woodward, 1901; which may have had a semi fossorial
or semi-aquatic lifestyle (Caldwell & Albino 2001, but
see Scanferla ez 2l 2010).

From the bone compactness analysis, we obtained a
mean compactness in transverse section of Cts = 87.3 %
(n = 6) which is similar to values reported by Houssaye
et al. (2013) and Houssaye ez al. (2019) for fossorial and
aquatic snakes. However, such results don’t have enough
statistical support, as our analysis only show signifi-
cant differences between Arboreal-Ground dwellers and
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Varanus salvator (Laurenti, 1768)
TNajash rionegrina Apestiguia & Zaher, 2006
TDinilysia patagonica Woodward, 1901

— Typhlops jamaicensis (Shaw, 1802)
Liotyphlops albirostris (Peters, 1858)

58 Rena humilis Baird & Girard, 1853

— Anilius scytale (Linnaeus, 1758)

— Anomochilus leonardi Smith, 1940

C .9?_ Cylindrophis ruffus (Laurenti, 1768)

L__ Uropeltis melanogaster (Gray, 1858)

— TColombophis portai Hoffstetter & Rage, 1977

—— TColombophis spinosus Hsiou, Albino & Ferigolo, 2010

L TKataria anisodonta Scanferla, Zaher Novas Muizon & Cespedes, 2013
Trachyboa boulengeri Peracca, 1910

98 Tropidophis haetianus (Cope, 1879)

— _EEIaasiophis terrasanctus Tchernov, Rieppel, Zaher, Polcyn & Jacobs, 2000

tEupodophis descouensi (Rage & Escuillié, 2000)
tPachyrhachis problematicus Haas, 1979
tSanajeh indicus Wilson Mantilla, Mohabey, Peters & Head, 2010
gEE TYurlunggur sp.
— 80 TWonambi sp.
Casarea dussumieri (Schlegel, 1837)
Bolyeria multocarinata (Boie, 1827)
Xenophidion schaeferi GUnther & Manthey, 1995
Xenophidion acanthognathus Gunther & Manthey, 1995
Acrochordus granulatus (Schneider, 1799)
Causus defilippii (Jan, 1863)
Xenodermus javanicus Reinhardt, 1836
Aspidites melanocephalus (Krefft, 1864)
Python molurus (Linnaeus, 1758)
Loxocemus bicolor Cope, 1861
80 Xenopeltis unicolor Reinwardt, 1827
TRageryx schmidi Smith & Scanferla, 2021
9% Lichanura trivirgata Cope, 1861
- 64 Charina bottae (Blainville, 1835)
TRieppelophis ermannorum (Schaal & Baszio, 2004)

TMesselophis variatus Baszio, 2004
Exiliboa placata Bogert, 1968
95 Ungaliophis continentalis Muller, 1880
FoO ___ Eryx miliaris (Pallas, 1773)
| Calabaria reinhardtii (Schlegel, 1851)
_|: Candoia carinata (Schneider, 1801)
—— tEoconstrictor fischeri (Schaal, 2004)
— |— Chilabothrus striatus (Fischer, 1856)
L Epicrates cenchria (Linnaeus, 1758)
L Corallus cookii Gray, 1842
Eunectes notaeus Cope, 1862
L Boa blanchardensis Bochaton & Bailon, 2018
L Boa constrictor Linnaeus, 1758
L Acrantophis dumerili Jan, 1860
L Sanzinia madagascariensis (Duméril & Bibron, 1844)

Fic. 10. — Phylogenetic relationships of Colombophis Hoffstetter & Rage, 1977. Strict consensus tree from 79 most parsimonious trees, bootstrap percent-
ages > 50% are shown below the branches. Major clades: A, Scolecophidia; B, Alethinophidia; C, Uropeltoidea; D, Caenophidia; E, Pythonoidea; F, Booidea.

Aquatic snakes (see Appendix 2). More complete fossils  tion to support ecological and phylogenetic hypotheses
are required to unveil Colombophis spp. ecological habits,  for fossil snakes (Scanferla 2016; Allemand ez a/. 2017;
as evidence suggests that skulls provide confident informa-  Da Silva er a/. 2018).
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APPENDICES

APPENDIX 1. — Transverse sections of Colombophis spp. vertebrae: A, C. portai Hoffstetter & Rage, 1977, MNHN VIV-6 (see also Appendix 7); B, C. spinosus
Hsiou, Albino & Ferigolo, 2010, VPPLT-798; C, C. portai, VPPLT-1564; D, E, C. portai, VPPLT-1740; F, C. portai, VPPLT-1006. Scale bar: 5 mm.
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APPENDIX 2. — Comparison of bone compactness in transverse section (Cts) between different ecomorphs (Aquatic, Subaquatic, Arboreal, Ground dweller and
Fossorial) and with Colombophis Hoffstetter & Rage, 1977 values.
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ArPENDIX 3. — List of Colombophis spp. specimens from La Victoria and Villavieja formations.

~ ] o
s 32 < 3z £ 3 ¢ _ z ¢ e _ N
Id F & & 8 8 8 8 8 5 © g. € 8 5 5 & <= ¥ Position Locality lat.  long.
Colombophis sp.
VPPLT-0064 183 32 21 23 26 3 24 26 - 18 35 - - 46 - - - 175 - - -
VPPLT-0071 2 - 29 - - - 45 46 3.5 6.1 - - 8 118 - 113 15 Kilometro 121 3.325 -75.182 ®
VPPLT-0577 0.8 2.8 - - - - - - - - - - - - - - Tatacoita 3.328 -75.100 ®
VPPLT-0801 - - - - 4 7 29 3 - - - 69 - 73 - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &
VPPLT-0802 07 32 O 0 24 29 21 26 - - - - - 441 - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &%
VPPLT-0817 - - - - - - - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &
VPPLT-0818 2 43 28 36 4 38 - - - 28 - 6.7 - - - - - - Mid Morrongo — Distrito Tres Pasos  3.340 -75.107 &
VPPLT-0840 13 56 25 4 54 6.1 - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &%
VPPLT-0841 - - - - - - - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &%
VPPLT-0842 11 45 283 37 43 47 - - - - - 74 - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &%
VPPLT-0843 - - - - - - - - - - - - - - - - - - Morrongo - Distrito Tres Pasos  3.340 -75.107 &
VPPLT-0865 - - - - - - - - - - - - - 81 - - - - Ant Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-0866 16 35 24 25 3 38 32 33 - 25 4 58 - 55 - - - 28 Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-0873 - - - - - - - - - - - - - - - - - - Morrongo - Distrito Tres Pasos  3.340 -75.107 %
VPPLT-0874 - - - - - - - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 &%
VPPLT-0875 13 57 - - - - - - - - - - - - - - - - Morrongo - Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-0880 - - - - - - - - - - - - - 6.6 - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-0892 - - - - - - - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-1201 21 58 29 42 61 66 51 56 - - - 119 - 105 - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 @
VPPLT-1218 - - - - - - - - - - - - - - - - - - Morrongo - Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-1241 - - - - - - - - - - - - - - - - - - Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-1736 - - - - - - 321 4 - - - - - 472 - - - - LA2 - Fishbeds - - -
VPPLT-1739 1.68 4.21 221 3.11 3.76 4.46 3.26 3.8412.25 2.82 45 - - 697 - - 811 16 LA2 - Fishbeds - - -
VPPLT-1732 2.89 3.72 498 6.07 463 494 - 319 - - - 716 - - 92 Behind Observatory — Fishbeds - - -
Colombophis portai Hoffstetter & Rage, 1977
VPPLT-1738 1.18 4 1.73 2.94 435 541 3.46 4.1513.39 3.09 3.67 - - 84 - - 7.1 23-24Mid La Manguita — Polonia redbeds - - -
VPPLT-0067 15 3.00 21 22 27 200 - - 77 16 29 48 76 - 53 - 6.2 185 Ant-Mid Kilometro 121 3.325 -75.182 ®
VPPLT-0068 - - 16 3 23 3 23 28 82 25 17 43 - 614 739 - 7.4 28 Ant-Mid Kilometro 121 3.325 -75.182 ®
VPPLT-0070 22 - 21 25 32 34 - - - 8 19 46 - - 841 - 6.4 23 Post - - - -
VPPLT-0430 - 45 35 28 39 43 - - - 4 26 - - - - - - 29 ? Tatacoita 3.328 -75.100 ®
VPPLT-0845 06 2.7 26 31 2 1.6 - - - 44 - 53 - - - - ? Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-0869 - 39 25 32 28 35 — Post Morrongo — Distrito Tres Pasos  3.340 -75.107 %
VPPLT-1006 13 34 2 3 27 32 24 2 - 15 29 47 - 441 - - 6 22 Mid Kilometro 121 3.325 -75.182 @
VPPLT-1160 — Mid-Post Kilometro 121 3.325 -75.182 ®
VPPLT-1166 - Post Kilometro 121 3.325 -75.182 ®
VPPLT-1253 - - 0 0 27 32 2 22 - - - - - 59 - - - - Mid-Post Morrongo - Distrito Tres Pasos  3.340 -75.107 &
VPPLT-1551 26 49 31 36 41 45 - - - - - 65 114 48 - - 93 - Mid Kilometro 121 3.325 -75.182 ®
- 3 22 23 31 27 - - - - - 48 82 - - - 64 - Mid )
VPPLT-1564 44 49 - - 15 - - 85 16.8 85 10.1 33.5 Mid Valle de los Miocochilius-Salinas 3.309 -75.160 ®
VPPLT-1735 1.35 412 2.3 2.82 3.48 3.57 3.08 2.84105 1.95 3.16 576 - 7.38 - - 6.84 20 Post LA12 - - -
- - - 317 3.95 429 - - - 252 393 - - 665 - - 378 18 ?
- - - - 512 - 437 - - - - - - 943 - - 454 - 7
151 3.31 287 352 - 396 35 389 - 286 4 - - 716 - - 106 18 ?
- - - - 5.08 569 - - - 279 403 - - 826 - - 932 13 ?
VPPLT-0799 229 6.24 2.75 3.77 6.82 6.27 502 599 - 328 4.05 - - 1137 - - 95 14 Mid Morrongo - Distrito Tres Pasos  3.340 -75.107 ®
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Appendix 3. — Continuation.

— ] o
s 3 < 3z =£ 3 9 _ : ¢ e N
Id £ £ 2 & % 8 8 8 15 E g. € 8 5 5 & < ¥ Position Locality lat.  long.
Colombophis portai (continuation)
VPPLT-1734 1.82 4.74 2.87 4.03 4.46 532 - - 13.26 3.06 3.35 8.1610.7 5 1053 - 7.8 25-32Mid Los Hoyos - - -
VPPLT-1731 1.64 4.43 3 33 4 528 4 463 - - - - - 774 - - 79 - ? Pachingo Fishbeds - - -
VPPLT-1740 158 4.71 235 3.31 449 55 - - - 297 3.83 6.9312.15 5.7311.06 - 9.6 30 Mid Quebrada La Venta — Fishbeds - - -
3.61 - - 373 352 316 2.74 - 233 3 6.19 - 8.15 2.8111 - Quebrada La Venta - Fishbeds - - -
14 45 - - 328 348 2.79 261 - 21 31 534 - 6.9 - 8.23 28.5 Post Quebrada La Venta - Fishbeds - - -
71 4.2 - - 349 392 - - - - - 59 - 4 - - 6.81 - Quebrada La Venta — Fishbeds - - -
88 3.84 2.47 3.46 537 6.86 4.86 5.7 - - - - - 919 - - 1063 - Quebrada La Venta — Fishbeds - - -
93 4.64 2.51 3.47 - - - - - - - 744 - - - - 68 - Quebrada La Venta — Fishbeds - - -
- - - - - - 515 6.39 - - - - - 963 - - 423 - 7 Quebrada La Venta - Fishbeds - -
VPPLT-0063 5 3 21 28 1.7 3 27 2 1.5 31 441 - 51 73 - 66 - - - - - -
VPPLT-0871 - - - - 28 36 - - - - - 5 - 59 - - - - ? Morrongo — Distrito Tres Pasos  3.340 -75.107 &
Colombophis spinosus Hsiou, Albino & Ferigolo, 2010
VPPLT-0798 6.1 28 57 42 56 38 51 - - - 114 - 85 - - 11.7 - Mid Morrongo — Distrito Tres Pasos  3.340 -75.107 &
VPPLT-0864 - - - - - - - - - - - 85 - 85 - - - - Mid-Post Morrongo - Distrito Tres Pasos  3.340 -75.107 &
VPPLT-1093 - 49 27 31 389 37 - - - - - 77 115 - - - - 19.5 Mid Tatacoita 3.328 -75.100 ®
VPPLT-1194 - Mid Morrongo — Distrito Tres Pasos  3.340 -75.107 ®
VPPLT-1534 11 55 38 4 46 48 41 43 - - - 68 - 104 - - 1 31 Post Morrongo — Distrito Tres Pasos  3.340 -75.107 &
VPPLT-1728 11 52 34 45 46 51 4 43 - - - 7.8 149 93 10 - 116 - Mid Cholupo - Libano - - -
VPPLT-1741 1.74 48 233 351 501 54 - - - - - - - 634 - - 906 - ? Quebrada La Venta — Above - - -
ferruginous beds
VPPLT-1741 - - - - 297 361 256 3.02 - - - - - 598 - - 37 - Mid-Post
VPPLT-1741 - - - - 352 362 3 357 - 271 4 583 - 7.78 - - 6.11 17 Mid-Post
VPPLT-1741 11 415 253 3 3.98 471 - - 1321 2.73 446 - - 492 85 - 6.68 27 Mid
APPENDIX 4. — Reference material from extant snakes skeletons.
Collection Specimen Family Genus Species
UR-CH - Amphisbaenidae Amphisbaena Amphisbaena alba Linnaeus, 1758
UF-H 11769 Aniliidae Anilius Anilius scytale (Linnaeus, 1758)
UF-H 11786 Aniliidae Anilius A. scytale
UF-H 62496 Aniliidae Anilius A. scytale
UF-H 11748 Cylindrophiidae Cylindrophis Cylindrophis lineatus Dennys, 1880
UF-H 51669 Cylindrophiidae Cylindrophis C. ruffus (Laurenti, 1768)
UF-H 52673 Cylindrophiidae Cylindrophis C. ruffus
UF-H 52698 Leptotyphlopidae Leptotyphlops Leptotyphlops conjunctus (Jan, 1861)
UF-H 11776 Leptotyphlopidae Rena Rena dulcis Baird & Girard, 1853
UF-H 11725 Tropidophiidae Trachyboa -
UF-H 11765 Tropidophiidae Tropidophis Tropidophis melanurus (Schlegel, 1837)
UF-H 52001 Tropidophiidae Tropidophis T. melanurus
UF-H 56844 Tropidophiidae Tropidophis T. haetianus (Cope, 1879)
UF-H 99429 Tropidophiidae Tropidophis T. canus
UF-H 11750 Uropeltidae Uropeltis -
VPPLT - Boidae Boa Boa cf. constrictor Linnaeus, 1758
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APPENDIX 5. — Supplementary material (ZIP file) containing: 1) combined NEX matrix (NEX file); 2) combined measurements (TXT file); and 3) statistics (R file).
https://doi.org/10.5852/geodiversitas2023v45a13_s5

APPENDIX 6. — Ecology and compactness values of extant snakes from Houssaye et al. (2013) and Houssaye et al. (2019). *, available in the MNHN thin section

collection of Paleontology.

Family Taxon Ecology Collection reference Cts
Leptotyphlopidae  Leptotyphlops bicolor (Jan, 1860) F MNHN-RA-1993.3431a 93.2
Anomalepididae Typhlophis squamosus (Schlegel, 1839) F MNHN-RA-1997.2042a 98.4
Typhlopidae Typhlops punctatus Scortecci, 1928 F ZFMK 56090b 81.2
Aniliidae Anilius scytale (Linnaeus, 1758) F MNHN-RA-1996.2701b 78.2
Anilius scytale F MNHN-RA-1997.2106a 95.8
Cylindrophiidae Cylindrophis ruffus (Laurenti, 1768) F MNHN-RA-1998.201 96.1
Cylindrophis maculatus (Linnaeus, 1758) F ZFMK 16 549b 89.4
Tropidophiidae Trachyboa boulengeri Peracca, 1910 F AH S0001b 83.1
Xenopeltidae Xenopeltis unicolor Reinwardt, 1827 F MNHN-RA-1990.5174 85.4
Pythonidae Bothrochilus boa (Schlegel, 1837) G ZFMK 5203b 86.9
Python reticulatus (Schneider, 1801) G MNHN-ZA-AC-2002-18 70.0
Python reticulatus G MNHN SQ-Vert 12* 84.9
Python reticulatus G MNHN SQ-Vert 13~ 70.5
Python curtus Schlegel, 1872 G ZFMK 81 777b 99.6
Morelia carinata (Smith, 1981) Ar AH S0002b 721
Morelia viridis (Schlegel, 1872) Ar MNHN SQ-Vert 10* 79
Boidae Eryx jaculus (Linnaeus, 1758) F MNHN-ZA-AC-2005-58 78.8
Calabaria reinhardti Calabaria reinhardtii (Schlegel, 1851) F ZFMK 89190b 81.9
Acrantophis madagascariensis (Duméril & Bibron, 1844) G ZFMK 86 469b 88.7
Sanzinia madagascariensis (Duméril & Bibron, 1844) Ar ZFMK 70 428b 67.7
Boa constrictor Linnaeus, 1758 G ZFMK 54844b 79.2
Corallus hortulanus (Linnaeus, 1758) Ar AH S0003b 40.7
Epicrates cenchria (Linnaeus, 1758) Ar ZFMK 86470b 96.2
Eunectes murinus (Linnaeus, 1758) SA MNHN-ZA-AC-1893-197 73.8
Eunectes murinus SA MNHN SQ-Vert 9* 78.4
Acrochordidae Acrochordus javanicus Hornstedt, 1787 SA MNHN SQ-Vert 14* 77.5
Acrochordus javanicus SA AH S0004b 56
Acrochordus granulatus (Schneider, 1799) EA ZRC 2.2334 97.5
Pareatidae Pareas carinatus (Wagler, 1830) Ar MNHN-RA-2000.4272 76.6
Viperidae Bitis arietans Merrem, 1820 G MNHN-ZA-AC-1885-246 77.4
Bothrops lanceolatus Bonnaterre, 1790 G MNHN-ZA-AC-1887-934 66.6
Agkistrodon contortrix (Linnaeus, 1766) G AH S0005b 63.7
Agkistrodon piscivorus (Lacépede, 1789) SA MNHN-RA-1990.3854 64.3
Colubrinae Chrysopelea ornata (Shaw, 1802) Ar MCZ R 177291a 98.5
Leptophis mexicanus Dumeéril, Bibron & Duméril, 1854 Ar AH S0007b 86.8
Salvadora grahamiae Baird & Girard, 1853 G AH S0008b 70
Orthriophis taeniurus (Cope, 1861) G ZFMK 5215b 72.8
Elaphe quatuorlineata Lacepede, 1789 G ZFMK 5218b 76.6
Pantherophis guttatus (Linnaeus, 1766) G MNHN SQ-Vert 15* 64.3
Rhinocheilus lecontei Baird & Girard, 1853 F AH S0009b 86.4
Natricinae Xenochrophis piscator Schneider, 1799 SA ZFMK 74 287b 80.8
Afronatrix anoscopus (Cope, 1861) SA ZFMK 65488b 81.1
Natriciteres fuliginoides (Gunther, 1858) SA AH S0010b 89.1
Amphiesma stolatum (Linnaeus, 1758) SA ZFMK 18169b 95.5
Thamnophis sauritus (Linnaeus, 1766) G AH S0011b 88.2
Natrix natrix (Linnaeus, 1758) SA ZFMK 64057b 93
Natrix tessellata (Laurenti, 1768) SA ZFMK 24680b 84.1
Homalopsidae Enhydris plumbea (Boie, YEAR) SA ZFMK 44891 79.9
Erpeton tentaculatum Lacépéede, 1800 SA AH S0012a 83.5
Enhydris bocourti (Jan, 1965) SA MNHN-RA-1999.8361 87.7
Enhydris sp. SA ZRC 2.5507b 98.5
Myrrophis chinensis (Gray, 1842) SA ZRC 2.4805 86.3
Phytolopsis punctata Gray, 1849 SA ZRC 2.3554 87.2
Cerberus rynchops (Schneider, 1799) SA MNHN-RA-1998.8583 96
Homalopsis buccata (Linnaeus, 1758) SA ZRC 2.6411 98.5
Bitia hydroides Gray, 1842 EA ZRC 2.4374 98.9
Cantoria violacea Girard, 1858 SA ZRC 2.3672 90.5
Fordonia leucobalia (Schlegel, 1837) SA MNHN-RA-1912.26 87.6
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Appendix 6. — Continuation.

Family Taxon Ecology Collection reference Cts
Atractaspididae Atractaspis microlepidota Glnther, 1866 F MNHN-RA-1999.8559 70.6
Elapidae Micrurus lemniscatus (Linnaeus, 1758) G MNHN-RA-1997.2353a 88
Naja nivea (Linnaeus, 1758) G AH S0013b 74.9
Ophiophagus hannah (Cantor, 1836) G MNHN SQ-Vert 17 64.4
Ophiophagus hannah G MNHN-ZA-AC-2002-42b  72.1
Dendroaspis jamesoni (Traill, 1843) Ar MNHN SQ-Vert 16* 72.4
Bungarus fasciatus (Schneider, 1801) G ZFMK 61719b 87.5
Hydrophis sp. EA MNHN SQ-Vert 18* 84
Hydrophis sp. EA MNHN-ZA-AC-1887-897 84.2
Pelamis platura (Linnaeus, 1766) EA AH S0014b 82.9
Laticauda laticaudata (Linnaeus, 1758) EA ZFMK 36425 80.9
Hydrophis major (Shaw, 1802) EA MNHN-RA-1990.4557 94.2
Hydrophis peronii (Duméril, 1853) EA ZRC 2.2018 95.9
Hydrophis ornatus (Gray, 1842) EA MNHN-RA-1994.6997 87.4
Hydrophis jerdonii (Gray, 1849) EA ZRC 2.2105 96.1
Hydrophis gracilis (Shaw, 1802) EA ZRC 2.2155 99.6
Aipysurus duboisii Bavay, 1869 EA MNHN-RA-1990.4519 93.5
Aipysurus eydouxii (Gray, 1849) EA MNHN-RA-0.7704 91
Aipysurus laevis Lacépede, 1804 EA MNHN-RA-1990.4506 83.2
Hydrophis curtus (Shaw, 1802) EA ZRC uncat 92.3
Hydrophis elegans (Gray, 1842) EA MNHN-RA-0.1879 94
Hydrophis stokesii (Gray, 1846) EA ZRC 2.2032 87.3
Hydrophis schistosus Daudin, 1803 EA ZRC 2.2043 93.1
Aniliidae Colombophis sp. U MNHN-VIV-6 85.3
Colombophis sp. U VPPLT 1006 92.9
Colombophis sp. U VPPLT 1564 88.3
Colombophis sp. U VPPLT-0798 78.8
Colombophis sp. U VPPLT-1740A 85.2
Colombophis sp. U VPPLT-1740B 93.3

APPENDIX 7. — Supplementary material (ZIP file) with the 3D model of the specimen MNHN-VIV-6 (c. 80 MB). The associated CT scan data is available on

request from the curator. https://doi.org/10.5852/geodiversitas2023v45a13_s7
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