
1
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ABSTRACT- A small collection of isolated precloacal vertebrae from the late Miocene 

Baynunah Formation of the United Arab Emirates represents a herpetofauna with a 

minimum of eight species: an indeterminate anuran, an amphisbaenian, cf. Erycidae 

indet., Python sp., three indeterminate colubroid vertebral morphs, and Viperidae indet.. 

The overall faunal composition appears similar to modern communities from the Arabian 

Peninsula, but the presence of pythonids suggests more humid environmental conditions 

than today.
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Introduction

The historical assembly of extant African herpetofaunas is poorly understood. There is 

indication that at least some clades descended from Eurasian immigrants during the 

Cenozoic (e.g., Hipsley et al. 2009); however, the timing and direction of dispersal into 

Africa is unconstrained for most clades. Early Paleogene African reptile records indicate 

the presence of some higher-order clades (e.g., Scolecophidia [Augé and Rage, 2006]; 

crown Colubroidea [Rage et al., 2013]), and late Paleogene records include first 

occurrences of more exclusive taxa (e.g., Varanus total clade [Smith et al., 2008]; 

Elapidae [McCartney et al., 2014]). Resolving the assembly of African herpetofaunas 

requires additional discovery and documentation of Cenozoic records of Africa, Eurasia, 

and most centrally, the Arabian Peninsula.

The Baynunah Formation is an upper Miocene sequence of fluviolacustrine 

sediments that crops out in western Abu Dhabi Emirate in the United Arab Emirates 

(Whybrow and Hill, 1999). A diverse vertebrate fauna has been recovered from multiple 

expeditions to the Baynunah Formation, including elephantids, ungulates, rodents, 

carnivores, insectivores, primates, birds, crocodilians, and squamates (e.g., Whybrow and

Hill, 1999; Bibi et al., 2013, 2017, this volume-a; Gilbert et al., 2014). Among reptiles, 

Crocodylus cf. C. niloticus, Ikanogavialis, and a small but diverse turtle fauna have been 

described (Lapparent de Broin and van Dijk, 1999; Rauhe et al., 1999) All this material is

in need of revision as there have been some questionable taxonomic assignments such as 

the identification of the extant Nile crocodile, extending the origin of this species back 

some 7 Ma, which is an unusually long period. In addition, there have been several new, 

excellently preserved finds including a complete crocodile cranium (Bibi et al., 2017), 
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which could potentially clarify some taxonomic issues. However, the new crocodile 

material still requires study and cannot be described at this point.

From the Baynunah Formation, a single mention of a squamate – a snake, 

Colubridae sp. – was previously recorded, but not described (Bibi et al., 2013). Here we 

describe a small-bodied herpetofauna, including squamates, collected from recent 

fieldwork in the Baynunah Formation and place it in a systematic and biogeographic 

context. 

Materials and methods

The present study is based on a sample of 16 disarticulated specimens of amphibians and 

reptiles from the Baynunah Formation (see Tab. 8.1). All specimens were recovered over 

multiple fieldwork expeditions targeting microvertebrates since 2006. This was done 

through dry screening successively through 4-, 1.3-, and 0.6-mm sieves, and then 

manually sorting on aluminum plates in the field (e.g. Kraatz et al., 2013; Kraatz, this 

volume). The majority of specimens were recovered in the 1.3 mm sort. In total, 

about 1,200 kg were sieved at site Shuwaihat (SHU) 2–2, 50 kg at SHU 2–6, 600 kg at 

Ras al-Qal’a (RAQ) 2–1, and 90 kg at Hadwaniyya (HAD) 1 (Kraatz et al. 2013). 

Detailed information on all Baynunah Formation fossil localities is given by Bibi et al. 

(this volume-b).

Diagnostic material was subjected to computed tomographic (CT) analysis at the 

Museum für Naturkunde Berlin using  a Phoenix nanotom X-ray|s tube between 70-80 

kV and 100-150 μA, generating 1440 projections with 750ms per scan and effective 



4

voxel sizes between 2.5-7-5 μm. Cone beam reconstruction was performed using the 

datos|x 2 reconstruction software (GE Sensing & Inspection Technologies GMBH 

phoenix|x-ray datos|x 2.0) and the data were visualized using VG Studio Max 3.0 

(Volume Graphics GmbH).

Institutional Abbreviations

AUH, Historic Environment Department, Abu Dhabi Department of Culture and Tourism

(DCT, formerly the Tourism and Culture Authority).

Systematic Paleontology

Anura Fischer von Waldheim, 1813 

Anura gen. et sp. indet.

Fig. 8.1

Referred specimen: AUH 1506 (SHU 2-6). Isolated presacral vertebra.

Description: AUH 1506 is a holochordal, procoelous presacral vertebra. The left 

prezygapophysis and the postzygapophyses are incomplete, as are parts of the cotyle and 

both transverse processes. From what is preserved one can infer that the transverse 

processes were pointing posterolaterally, which suggests that the vertebra belongs to the 

anterior mid-region of the vertebral column. The element is overall wider than long and 

of stout appearance. The neural spine is only slightly taller than the neural arch. The 
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prezygapophyseal region is well developed and extends laterally well beyond the level of 

the centrum.

In anterior view (Fig. 8.1 view 1), the neural canal is round. The cotyle is low and

laterally expanded, with a kidney-shaped outline. It is relatively deep with distinct 

margins. The anterodorsal edges of the neural arch are narrow and well-defined. 

In dorsal view (Fig. 8.1 view 2), the spoon-shaped prezygapophysis distinctly 

projects anterolaterally. The base of the transverse process is located posterior to it, with 

its anterior margin showing a posterolateral trend. The base is prominently developed and

extends over large parts of the lateral side of the centrum. The neural spine is low but 

expanded posteriorly, resulting in a dorsal outline of a downturned “V”. Its surface bears 

several prominent, irregularly distributed foramina of variable size, as well as a high 

number of smaller foramina. Posterolaterally to the neural spine there is a distinct, half-

rounded excavation on either side. The neural arch is comparatively flat and expanded, 

with its anterior portion, near the base of the neural spine, shallowly depressed. 

Especially the more distal regions of the neural arch carry many small foramina.

In ventral view (Fig. 8.1 view 3), the hemicylindrical centrum is broadly 

developed and only slightly narrows anteroposteriorly, being almost as wide as long. Its 

ventral surface contains many small grooves and foramina, which can also be found on 

the ventral surface of the laterally protruding parts of the neural arch. 

In lateral view (Fig. 8.1 view 4) the anterior margins of both centrum and 

prezygapophysis are at the same level, and the condyle does not reach farther posteriorly 

than the neural spine. The ventral margin of the centrum is concave, and the dorsal 

margin of the neural spine shows a half-rounded outline. The proximal base of the 
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transverse process extends to the ventrolateral region of the centrum, and eventually 

merges with it close to the ventral edge of the latter. In posterior view (Fig. 8.1 view 5), 

the outline of the condyle is similar to that of the cotyle. The outer surface of the condyle 

is abraded, revealing a cancellous inner texture. 

Discussion: AUH 1506 can be referred to Anura based on the combination of the 

following characters: the lateral expansion of the vertebra, making the element wider than

long in dorsal view, the presence of a short and hemicylindrical centrum, and the 

morphology and position of the proximal base of the transverse process. Among anurans, 

procoelous vertebrae are variably present in several different clades, both within and 

outside Neobatrachia, e.g. Hyloidea (Hylidae + Bufonidae) and Pelobatidae (Böhme 

1977, Frost et al. 2006). For this reason, and because the vertebra is from the least 

diagnostic part of the anuran body axis, it is difficult to assign the specimen to a more 

specific clade. We therefore designate the record as Anura indet. 

Non-Quaternary Cenozoic anurans were previously recorded from the Arabian 

Peninsula from the lower Oligocene of Taqah, Oman (undetermined material; Thomas et 

al. 1991, Gardner & Rage 2016), the Oligocene of Ar Ryashia, Yemen (Xenopus 

arabiensis; Henrici & Báez 2001), and the lower Miocene of Al Sarrar, Saudi Arabia 

(undetermined bufonoids and ranoids; Thomas et al. 1982). Unfortunately, no official 

description has been published of the material from the latter locality, making it difficult 

to confirm the taxonomic determinations.

Reptilia Laurenti 1768
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Squamata Oppel, 1811 (sensu Merrem, 1820)

Lacertibaenia Vidal and Hedges, 2005

Amphisbaenia Gray 1844

Amphisbaenia gen. et sp. indet.

Fig. 8.2

Referred specimen: AUH 1452 (SHU 2-2). Isolated precloacal vertebra.

Description: The only record of amphisbaenians from the Baynunah Formation is AUH 

1452, a nearly complete precloacal element. In anterior view (Fig. 8.2 view 1), the cotyle 

is broadly ovoid, with a ventral margin that is continuous with the ventral surface of the 

centrum. The neural canal is vaulted with a convex dorsal margin. Laterally, the 

prezygapophyses are well defined from the body of the element, with strongly 

dorsolaterally angled articular facets. The dorsal extent of the articular facets is 

approximately the same height as the roof of the neural canal. The synapophyses are 

poorly preserved, but their preserved margins suggest a single, broadly convex articular 

surface. 

In dorsal view (Fig 8.2 view 2), the prezygapophyses are strongly oriented 

anterolaterally and extend well beyond the anterior margins of the centrum and neural 

arch. The articular facets of the prezygapophyses are ovoid, and small extensions, similar 

to the prezygapophyseal accessory processes of many snake taxa, are present 

ventrolateral to the facets. The anterior edge of the neural arch is sharply convex as a 

high-angled prominence. A small raised anterior margin of the neural spine caps the 
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prominence. The neural spine is completely lost at the anteroposterior midpoint of the 

element, but is present as a low ridge on the posterior region of the arch, at the level of 

the postzygapophyses. The lateral edges of the neural arch are strongly concave between 

the pre- and postzygapophyses at the point where the neural spine is lost. The posterior 

edge of the neural arch is shallowly convex toward the midline of the element. The edge 

shows very slight crenulations, similar to multiple extant amphisbaenian taxa.

In ventral view (Fig. 8.2 view 3), the centrum is elongate and nearly parallel-

sided. The ventral surface of the centrum is flat and approximately smooth. Large, wide, 

and paired subcentral foramina are present on the ventral surface of the centrum, just 

posterior to the level of the synapophyses. Anteriorly, the prezygapophyses extend 

anteriorly well beyond the level of the cotyle. The ventral margin of the cotyle is 

subequal to the dorsal margin and is medially concave. Posteriorly, the condyle is poorly 

preserved. The articular facets of the postzygapophyses are strongly ovoid with an 

anteromedial long axis. The posterior edge of the neural arch is sinuous and slightly 

crenulated.

In lateral view (Fig. 8.2 view 4), the dorsal margin of the neural arch is strongly 

concave and saddle-backed. The neural spine is nearly absent, and present only as a short,

sigmoid-shaped ridge on the posterior third of the neural arch. The prezygapophyses are 

massive and ovoid in cross section, ventrally, the synapophyses are small, with no 

differentiation between the parapophyseal and diapophyseal articular facets. The lateral 

walls of the neural arch are tall, terminating in a straight, posterodorsally angled edge 

between the dorsal margin of the centrum and the articular facet of the postzygapophysis.
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The ventral margin of the centrum is shallowly concave toward the anteroposterior 

midpoint of the element and lacks any form of haemal keel or ridge.

In posterior view (Fig. 8.2 view 5), the dorsal margin of the neural arch is 

depressed but roughly triangular with a median dorsal prominence forming the posterior 

end of an extremely low neural spine. Ventral to the dorsal margin, the neural arch is 

excavated to receive the dorsal edge of the neural arch of the following vertebra, when in 

articulation. The condyle is mostly incomplete, but the preserved margins indicate that it 

was strongly ovoid and wide. The synapophyses are approximately bi-angled, forming 

both an approximately horizontal ventral margin and a vertical lateral margin of the 

element. Anteriorly, the prezygapophyses are high-angled with the dorsal edge 

approximately the same height as the lateral-most point of the posterior neural arch.

Discussion: AUH 1452 is referable to Amphisbaenia on the basis of a saddle-shaped, 

low-slung neural arch, wide, ovoid cotyle and condyle, high-angled zygapophyses, and a 

broad, flat ventral margin of the centrum with parallel-sided lateral margins and large 

subcentral foramina (e.g., Zangrel, 1945; Estes, 1983). The only other fossil 

amphisbaenian from the Arabian Peninsula is an undescribed record from the lower 

Miocene (MN 4) Dam Formation at Al-Sarrar (Thomas et al., 1982), and vertebral 

morphology is undocumented for the vast majority of extant amphisbaenian species. As a

result, it is currently not possible to assign AUH 1452 to more exclusive taxonomic levels

within Amphisbaenia on the basis of vertebral apomorphies.

Serpentes Linnaeaus 1758
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Alethinophidia Nopcsa 1923

Macrostomata Ritgen 1828

Booidea Gray 1825

cf. Erycidae Bonaparte 1840

Booidea gen. et sp. indet.

Fig. 8.3A

Referred specimen: AUH 1451(SHU 2-2). Partial precloacal vertebra.

Description: AUH 1451 is an incomplete anterior precloacal vertebra, preserving only 

the centrum, left prezygapophysis, and portion of the left neural arch. In anterior view 

(Fig. 8.3A view 1), the cotyle is slightly subcircular in outline. A shallow paracotylar 

fossa is present on the left side of the specimen, but there is no indication of paracotylar 

foramina. The prezygapophysis is transversely short, with a slightly ventrolaterally 

angled articular facet. The lateral edge of the prezygapophysis is blunt and vertically 

oriented, indicating only a small accessory process. The synapophysis is strongly eroded. 

The preserved margins indicate a tall articular surface for the para- and diapophyseal 

articular facets. 

In dorsal view (Fig. 8.3A view 2), the prezygapophyseal articular facet is strongly

ovoid with an anterolaterally oriented long axis. The preserved portion of the lateral wall 

of the neural arch indicates a curved interzygapophyseal ridge, unlike the relatively 

straight ridge in pythonids (e.g., Hoffstetter, 1964; Head, 2005). In ventral view (Fig. 
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8.3A view 3), the centrum is short and robust, as in non-caenophidian snakes. A broad, 

poorly defined haemal keel is present along the midline of the centrum. The posterior 

margin of the keel is broken and includes an ovoid base of a posteriorly restricted 

hypapophysis. Large subcentral foramina are present lateral to the haemal keel, just 

posterior to the synapophysis. The synapophysis is poorly preserved, and is represented 

only by its base. The base is oriented anterolaterally, approximately in line with the 

orientation of the prezygapophysis.

In lateral view (Fig. 8.3A view 4), the anterior margin of the element is slightly 

anterodorsally oriented, with a blunt anterior margin of the prezygapophysis. Posteriorly, 

the ventral margin of the centrum lateral to the haemal keel is slightly concave. The 

ventral edge of the keel is anteriorly concave, forming the margin of a hypapophysis. The

hypapophysis is broken just anterior to the condyle, forming a horizontal, flat ventral 

edge. In posterior view (Fig. 8.3A view 5), the preserved portions of the condyle indicate 

that the structure was approximately circular in outline. The lateral edges of the neural 

arch are shallowly concave toward the posterior margin of the synapophysis. The 

prezygapophyseal articular facet is slightly ventrolaterally oriented.

Discussion: AUH 1451 is an anterior precloacal vertebra, as indicated by the base of a 

large, elongate hypapophysis and a low, ventrolaterally angled prezygapophyseal 

articular facet. The short, broad centrum and general dimensions of the element are 

consistent with small-bodied booids that were prevalent during the Neogene (e.g., Rage, 

1984; Holman, 2000; Szyndlar and Rage, 2003), and the concave interzygapophyseal 

ridge and anterolaterally oriented prezygapophyseal articular facets are inconsistent to 
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referral to Pythonidae. The specimen compares favorably to extant and fossil erycids, 

however, unambiguous assignment to any clade beyond Booidea is not possible due to 

the fragmentary nature of the specimen.

Pythonidae Fitzinger 1826

Python Daudin, 1803

Python sp. indet.

Fig. 8.3B

Referred specimen: AUH 1214 (SHU 4-2). Two articulated precloacal vertebrae.

Description: AUH 1214 consists of a nearly complete precloacal vertebra with an 

articulated dorsal neural arch of a subsequent element. The size of the elements indicates 

an overall body size greater than one meter. In anterior view (Fig. 8.3B view 1), the 

cotyle is slightly ovoid, with a thick lateral rim. Shallow paracotylar foramina are present 

lateral to the cotyle, but paracotylar foramina are not present within the fossae. Dorsal to 

the cotyle, the neural canal is subtriangular in outline and is capped by a tall, thick, and 

wedge-shaped zygosphene. Dorsal to the zygosphene, the neural spine is short relative to 

other large-bodied booids. Lateral to the neural canal, the prezygapophyseal articular 

facets are elongate and slightly dorsolaterally angled. The left prezygapophyseal 

accessory process is preserved as a short, laterally oriented protuberance at the lateral 

edge of the left prezygapophyses. Ventral to the prezygapophyses, the synapophyses, 

though poorly preserved, are elongate.
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In dorsal view (Fig. 8.3B view 2), the zygosphene is massive with a small medial 

protuberance located on its anterior margin. The lateral walls of the neural arch are well 

defined and extend posterolaterally from the back of the zygosphene to the 

postzygapophyses. The prezygapophyseal articular facets are roughly triangular in outline

and do not extend anteriorly beyond the level of the zygosphene. A wide 

interzygapophyseal ridge extends between the pre- and postzygapophyses. The lateral 

margin of the ridge is approximately straight and is posteromedially angled. Posteriorly 

the neural arch is deeply incised by a wide posteromedian notch with convex margins. 

The neural spine extends from just posterior to the zygosphene to the apex of the notch, 

and is slightly ovoid in cross section.

In ventral view, (Fig. 8.3B view 3), the centrum is wide and subtriangular in 

shape. The ventral margin of the cotyle is subequal to the dorsal, exposing the dorsal 

articular surface. A wide, flat haemal keel extends along the midline of the centrum from 

the lip of the cotyle to the preserved anterior edge of the condyle. Small subcentral 

foramina are present lateral to the keel. The parapophyseal and diapophyseal facets of the

synapophyses are differentiated, with wider, broadly hemispherical ventral parapophyseal

facets. The postzygapophyseal articular facet is subtriangular with a flattened posterior 

edge. The overall shape of the facet matches the corresponding surface of the 

prezygapophysis, but is smaller in overall size.

In lateral view (Fig. 8.3B view 4), the preserved margins of the neural spine 

indicate an apomorphically short process relative to other pythonid taxa. Anteriorly, the 

articular facets of the zygosphene are nearly circular. The dorsal margin of the 

zygosphene slopes upward to the base of the neural spine. Ventral to the zygosphene, the 
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prezygapophyseal accessory processes are rounded and blunt. The interzygapophyseal 

ridge is thick and extends posterodorsally from the edge of the prezygapophysis. The 

posterior margin of the neural arch is vertical up to the level of the neural spine, where it 

becomes horizontal.

In posterior view (Fig. 8.3B view 5), the posterior neural arch is inflated relative 

to other pythonids. The arch is depressed, with a broadly horizontal dorsal margin 

extending laterally from the neural spine to the postzygapophyses, where it curves 

downward in a laterally convex arc. The angle between the posterior arch and the 

postzygapophysis is sharp. The zygantrum is deep, well defined, and broadly divided by a

wide prominence extending ventrally from the base of the neural spine. The condyle is 

incomplete, but preserves a slightly ovoid lateral margin. Anteriorly, the lateral wall of 

the neural arch is pierced by a small lateral foramen just posterior to the prezygapophysis.

Discussion: The combined morphology of the interzygapophyseal ridge, neural arch, 

zygapophyses, zygosphene, and absence of paracotylar foramina place AUH 1214 

unambiguously within Pythonidae, referable to the genus Python (e.g., Hoffstetter, 1964; 

Head, 2005; Szyndlar and Rage, 2003; Head and Bell, 2008; Head and Müller, In Press). 

The very short neural spine and inflated, high-angled posterodorsal margin of the neural 

arch distinguish AUH 1214 from other extant and fossil pythonids (e.g., Hoffstetter, 

1964; Rage, 1976; Scanlon and Mackness, 2002; Head, 2005; Rage and Bailon, 2011); 

however, the limited sample size of pythonid specimens from the Baynunah Formation 

prohibits a robust, diagnostic erection of a new species. A similarly short neural spine 

also is present in Python europaeus (Szyndlar and Rage, 2003; Rage and Bailon, 2005), 
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but the depressed neural arch of the specimen from the Baynunah Formation 

distinguishes it from P. europaeus. As a result, we here limit our assignment of the 

specimen to the genus Python with the recognition that it appears distinct from known 

Asian, European, and African species. 

Caenophidia Hoffstetter 1939

Colubroidea Oppel 1811

Colubroidea gen. et sp. indet.

Fig. 8.4A

Referred specimen: AUH 1446 (SHU 2-2). Isolated precloacal vertebra.

Description: AUH 1446 is incomplete, lacking most of the neural spine, hypapophysis, 

distal tip of the left prezygapophysis, and right posterior neural arch. In anterior view 

(Fig. 8.4A view 1), the cotyle is circular with a thin, elongate, and well-defined lateral 

rim. There is no indication of paracotylar processes on the ventrolateral margins of the 

cotyle. Paracotylar fossae are present lateral to the cotyle, and house small paracotylar 

foramina. The neural arch is tall and wider than the diameter of the cotyle with a broadly 

convex dorsal margin. A wide, low zygosphene caps the neural arch. The anterior margin

of the zygosphene is a thin transverse ridge that extends between the articular facets of 

the process. Lateral to the cotyle, the prezygapophyses are low slung and laterally offset. 

The prezygapophyseal articular facets are transversely narrow. A large accessory process 

foramen is located on the lateral edge of the prezygapophysis, ventral to the articular 
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facet. Ventral to the foramina, the accessory processes are short, triangular in outline, and

ventrolaterally angled. The synapophyses are only represented by their bases, but their 

size and orientation indicate that they were narrow, strongly oriented ventrolaterally, and 

laterally offset from the centrum.

In dorsal view (Fig. 8.4A view 2), the zygosphene possesses a recurved anterior 

margin and is anteriorly offset from the neural arch. The prezygapophyseal accessory 

facets are ovoid and anterolaterally angled. The accessory processes diverge from the 

facets and are more laterally oriented. The interzygapophyseal ridge extends posteriorly 

from the prezygapophysis to the anterior edge of the postzygapophysis, and is smoothly 

and deeply concave. The neural spine is uniformly thin in transverse width and elongate. 

It originates on the dorsal surface of the zygosphene and extends posterior to the deep, 

well-developed posteromedian notch of the neural arch. The notch exposes the entirety of

the condyle and the posterior floor of the neural canal.

In ventral view (Fig. 8.4A view 3), the centrum is narrow and elongate. The 

synapophyseal bases are approximately triangular and offset from the centurm by wide, 

well developed subcentral paralymphatic channels. The anterior base of the hypapophysis

originates at the level of the posterior margin of the synapophyses. The hypapophysis is 

uniform in transverse width along its length, and becomes progressively more defined 

from the centrum, posteriorly. The postzygapophyseal articular facets are subcircular and 

small relative to the size of the corresponding prezygapophyseal facets. The condyle is 

poorly preserved, but is separated from the body of the centrum by a distinct anterior 

constriction.
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In lateral view (Fig. 8.4A view 4), the zygosphenal articular facets are ovoid and 

anterodorsally angled. The prezygapophyses are low slung and very slightly angled 

anterodorsally. The interzygapophyseal ridge is faintly differentiated from the side of the 

neural arch, being most distinct just posterior to the prezygapophysis and anterior to the 

postzygapophysis. Ventrally, the hypapophysis is deeply excavated, with a dorsally 

concave margin. This morphology appears to result from postmortem breakage, however.

The condyle is vertically oriented and anteroposteriorly short. Dorsal to the condyle, the 

posterior margin of the neural arch is vertical and tall.

In posterior view (Fig. 8.4A view 5), the neural arch is tall and laterally inflated. 

The articular facets of the zygantra are widely separated from each other by the posterior 

surface of the neural spine. Small parazygantral foramina are present on the posterior 

surface of the neural arch, just lateral to the zygantral articular facets. The articular facet 

of the postzygapophysis is transversely narrow and dorsolaterally angled. Anteriorly the 

prezygapophyseal articular facets are ventromedially oriented, and the synapophyses are 

well separated from the body of the centrum.

Discussion: Despite being mostly complete, AUH 1446 cannot be assigned to a 

caenophidian clade more exclusive than Colubroidea. The specimen lacks any 

apomorphic characters of viperids such as a hypapophysis that is elongate and primarily 

ventrally oriented, relatively large cotyle and condyle, strongly depressed neural arch, tall

dorsoventral aspect (e.g., Szyndlar and Rage, 2002), and the presence of a well-

developed hypapophysis is generally consistent with non-colubrine colubroids. However,

the width of the subcentral paracotylar fossae indicates that the specimen is from the 
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more posterior region of the precloacal column, and a small, ventrally projected 

hypapophysis is often presented in posteriormost precloacal elements in many colubroid 

taxa, including colubrines (e.g., Brongersma, 1938). The centrum is more narrow and 

elongate than typical for described elapoids (e.g., Hoffstetter, 1939; Szyndlar and Zerova,

1990), and the specimen may be referable to Natricinae. However, it lacks well-

developed paracotylar ventrolateral processes, which are ubiquitous among natricines. 

Because the specimen lacks unambiguous synapomorphies of any total clades within 

Colubroidea, it is only referable to that clade.

Colubrinae Oppel 1811

Colubrinae gen. et sp. indet. A

Fig. 8.4B

Referred specimen: AUH 1402 (SHU 2-2), isolated precloacal vertebra.

Description: The specimen is incomplete, lacking the zygosphene, left zygapophyses, 

neural spine, and synapophyses. In anterior view (Fig. 4B.1), the cotyle is slightly ovoid. 

The neural canal is tall, ovoid in outline, and considerably wider than the cotyle. Lateral 

to the cotyle, deep paracotylar fossae house large, well developed foramina. In dorsal 

view (Fig. 8.4B view 2), the prezygapophyseal articular facet is ovoid, narrow, and 

strongly oriented anterolaterally. The lateral edges of the prezygapophysis are not 

preserved and the morphology of the accessory process is unknown. The 

interzygapophyseal ridge is distinct from the neural arch. The ridge is shallowly 
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excavated, with a concave lateral margin that includes an anteriorly displaced apex. 

Medially, the neural spine is preserved as an anteroposterially short ridge between the 

level of the posterior zygosphene anteriorly, and the posteromedian notch of the neural 

arch posteriorly. The notch is deep, broad, and triangular in outline. 

In ventral view (Fig. 8.4B view 3), the ventral margin of the cotyle is subequal to 

the dorsal margin. The centrum is elongate with a wide haemal keel poorly defined by 

shallow paralymphatic fossae. Large subcentral foramina are present on either side of the 

keel. The synapophysis is small, with a broad ventral surface medial to the preserved base

of the parapophyseal articular facet. 

In lateral view (Fig. 8.4B view 4), the neural arch is posterodorsally inflated and 

expanded. A component of this expansion includes the interzygapophyseal ridge, which 

is strongly angled posterodorsally. The ventral margin of the haemal keel is horizontally 

flattened. The postzygapophysis is elevated well above the centrum, with a straight, 

posterodorsally angled posterior margin of the neural canal. In posterior view (Fig. 8.4B 

view 5), the condyle is slightly ovoid and much smaller than the neural canal. The 

zygantra are widely separated and comparatively shallow. The dorsal margin of the 

neural arch is shallow, with a low angle between the neural spine and the 

postzygapophysis. A large parazygantral foramen is present on the preserved right 

posterior surface of the neural arch, just below the dorsal edge of the arch.

Discussion: AUH 1402 is a small element with proportions that are consistent with 

juvenile ontogenetic stages, including a small neural spine, large neural canal, and ovoid 

cotyle and condyle. The specimen can be referred to Colubrinae on the basis of haemal 
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keel morphology (e.g., Head, 2005; Head et al., 2016), but a more precise systematic 

assignment will require more complete specimens.

Colubrinae gen. et sp. indet. B

Fig. 8.4C

Referred specimens: AUH 1389, AUH 1781 (SHU 2-2), incomplete precloacal 

vertebrae.

Description: Both specimens are mid-trunk precloacal vertebrae. AUH 1389 is mostly 

complete, lacking the lateral margins of the prezygapophyses, right posterior neural arch, 

and neural spine. AUH 1781 preserves only the centrum and the left prezygaophysis. 

Descriptions are based on on AUH 1389. In anterior view (Fig. 8.4C view 1), the cotyle 

is circular with a well-developed rim. Shallow paracotylar fossae with small foramina are

located lateral to the cotyle. The ventral edge of the cotyle has a flat, squared margin 

formed by well-developed paracotylar ventrolateral processes. The lateral margins of the 

processes contribute to the edges of dorsally concave subcentral paralymphatic channels 

that excavate the junction of the synapophyses with the centrum. Dorsally, the 

zygosphene is wide with a thin, slightly convex dorsal margin. The neural canal is tall 

and subcircular in outline. The prezygapophyses are represented only by the medial edges

of the articular facets, which are low-slung and horizontally oriented. 

In dorsal view (Fig 8.4C view 2), the anterior margin of the zygosphene is 

recurved. The preserved base of the neural spine originates at the level of the posterior 

zygosphene. The spine is approximately uniform in width along its length and is 
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proportionally thicker than in other specimens from the Baynunah Formation. The 

interzygapophyseal ridge is deeply and smoothly concave with an apex at approximately 

the anteroposterior midpoint of the element. The posterior edge of the neural arch 

includes an incipient pterapophysis as a slight lobe at the posterolateral edge of the arch, 

just dorsal to the postzygapophysis. The posteromedian notch of the neural arch is deep, 

exposing the entirety of the dorsal surface of the condyle, and possesses approximately 

straight margins. 

In ventral view (Fig. 8.4C view 3), the centrum is narrow and elongate. The 

ventral margin of the condyle is thickened to form the paracotylar ventrolateral processes.

Wide subcentral paralymphatic channels define a broad haemal keel with concave lateral 

margins. There is a slight lateral swelling of the lateral wall of the centrum at the 

posterior contact between it and the neural arch, a feature which unites the two specimens

in the morphotype. The posterior edge of the keel is laterally expanded just anterior to the

condyle. The preserved synapophyseal bases are small and approximately triangular 

posteriorly, the postzygapophyses are larger than in other specimens from the Baynunah 

Formation, with ovoid articular facets that extend onto the ventrolateral surface of the 

neural arch. In lateral view (Fig. 8.4C view 4), the neural arch is anterodorsally angled. 

Zygosphenial articular facets are subcircular in shape. Dorsally the preserved edges of the

neural spine suggest a tall process with vertical anterior and posterior edges. The 

posterior margin of the neural arch is elevated. Ventrally, the haemal keel is flattened and

well defined from the body of the centrum.

In posterior view (Fig. 8.4C view 5), the condyle is circular. The neural arch is 

slightly larger in diameter than the condyle, is approximately circular in outline. The 
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haemal keel extends ventrally beneath the condyle. Above the neural canal, the zygantra 

are deep and well-developed. Paired parazygantral foramina are present on the posterior 

face of the neural arch, lateral to the zygantra and dorsal to the large postzygapophyseal 

articular facet. The dorsal edge of the neural arch is comparatively high-angled and 

grades upward into the base of the neural spine.

Discussion: AUH 1389 is unambiguously referable to Colubrinae on the basis of the 

presence of a well-developed haemal keel. The specimen is recognizable as a distinct 

morphotype from other colubroid fossils from the Baynunah Formation based on the 

presence of large paracotylar ventrolateral processes, pterapophyses, and a neural spine 

with a relatively wide transverse width (Fig. 4). A more precise systematic assignment 

cannot be determined without more complete specimens and larger sample sizes.

Viperidae gen. et sp. indet. 

Fig. 8.5

Referred specimen: AUH 1782, incomplete precloacal vertebra. 

Description: AUH 1782 is an incomplete precloacal vertebra, lacking most of the 

zygosphene, the left prezygapophysis and synapophysis, the right posterior neural arch, 

most of the neural spine, and the distal hypapophysis. In anterior view (Fig. 8.5 view 1), 

the preserved margins of the cotyle indicate that it is relatively large and approximately 

circular. The prezygapophysis is low-slung with a slight dorsolateral angle. A shallow 

paracotylar fossae separates the cotyle from the prezygapophysis. There is no indication 
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of a paracotylar foramen, but the anterior face of the element is poorly preserved, Above 

the cotyle, the neural canal is narrow and parallel-sided, with a vaulted dorsal margin. A 

small portion of the anterior edge of the zygosphene is preserved and indicates that the 

dorsal edge of the neural canal was narrow.

In dorsal view (Fig. 8.5 view 2), the articular facet of the prezygapophysis is 

anterolaterally angled and ovoid in shape. The base of a small accessory process is 

preserved at the lateral margin of the articular facet. Posterior to the prezygapophysis, the

interzygapophyseal ridge is shallowly constricted medially. The posterior edge of the 

neural arch is anteroposteriorly narrow and subtriangular, with a broadly convex posterior

edge forming the posteromedian notch of the neural arch. The preserved base of the 

neural spine indicates an anteroposteriorly long, narrow process with a slightly expanded,

triangular posterior extent. 

In ventral view, (Fig. 8.5 view 3), the centrum is elongate, wide, and is 

progressively narrowed toward the condyle. A prominent, tall, midline haemal keel 

extends from the posterior edge of the cotyle anteriorly to the anterior edge of the 

condyle, posteriorly, where it is capped by the preserved base of a large hypapophysis. 

Wide subcentral ridges extend along the ventrolateral edges of the centrum. The right 

synapophysis preserves the origin of the subcentral ridge at its posterior margin. 

Posteriorly, the cotyle possess a distinct and wide lateral edge that differentiates it from 

the centrum.

In lateral view (Fig. 8.5 view 4), the element is anteroposteriorly short. The 

preserved portion of the zygosphene indicates a low, sloping dorsal edge of the process. 

The prezygapophysis and synapophysis are strongly anterodorsally angled, and the 
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subcentral ridge extends posteriorly from the synapophysis with a dorsally convex 

margin. Medial to the ridge, the hypapophysis extends along the ventral length of the 

element. The ventral edge is shallowly concave and the broken posteroventral edge 

indicates a wide, elongate, and posteroventrally oriented process. The cotyle is 

anteroposteriorly narrow and anterodorsally angled. In posterior view (Fig. 8.5 view 4), 

the neural arch is thin and depressed, with a slightly convex dorsal edge. The posterior 

face of the arch is pierced by a small parazygantral foramen, just lateral to the 

zygosphenial articular facet of the zygantrum. The cotyle is circular and large, with a 

diameter that is wider than the neural arch. The preserved portion of the hypapophysis is 

approximately triangular with a ventrally oriented apex. 

Discussion: AUH 1782 is unambiguously referable to Viperidae on the basis of: a large, 

posteroventrally orientated hypapophysis; large cotyle and condyle; and a depressed 

neural arch (Holman, 2000; Szyndlar and Rage, 2002; Head et al., 2006). Previous 

studies have allocated viperid fossils to several large anatomical complexes (Szyndlar 

and Rage, 2002); however, AUH 1782 is too incomplete to assign it to any recognized 

viperid clade, including those currently inhabiting the Arabian Peninsula. 

Discussion

The herpetofaunal record of the Baynunah Formation contributes both to the greatly 

depauperate fossil record for the Arabian Peninsula and to the temporal and geographic 
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sampling of the wider Afro-Arabian region. Prior records of amphibians and squamates 

from the Arabian Peninsula are limited to early Miocene records from the Dam 

Formation at Al-Sarrar, consisting of bufonid and ranid frogs, an indeterminate 

amphisbaenian, and scolecophidian, colubrid, elapid, and viperid snakes (Thomas et al., 

1982). Additionally, Python and Eryx-Gongylophis were recognized at the generic level 

from Al-Sarrar (Thomas, et al., 1982). Taxonomic composition of the Baynunah 

Formation in comparison with Al-Sarrar and extant faunas indicates continuity of higher-

order taxa from the early Neogene to the present. Additionally, the squamate records 

from the Baynunah Formation contribute to developing a comprehensive 

chronostratigraphic squamate record for Africa (Fig. 8.6), especially in providing 

information on the temporal interval spanning approximately 9-7 Ma, which is poorly 

sampled relative to the early Miocene and Pliocene (Fig. 8.6). The sample size of the 

squamate record from the Baynunah Formation is small, which limits inferences of 

biocoenosis composition and diversity. However, it is notably diverse, with no less than 

seven squamate species recorded from just 15 vertebrae. It is also notable that ubiquitous,

readily preserved components of other African squamate records, including Varanus and 

Naja are notably absent, as are scolecophidians, which are present in the early Miocene 

Dam Formation of Saudi Arabia (Thomas et al., 1982).

Multiple mammalian dispersal events occurred between southern Asia and Africa 

just prior to or during the Neogene (e.g., Barry et al., 1985; chapters in Werdelin and 

Sanders 2010) and the Arabian Peninsula would have been an important potential 

dispersal corridor. However, knowledge on amphibian historical biogeography across 

Arabia is still poor. For bufonids, Portik and Pappenfuss (2015) suggested that contrary 
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to previous assumptions there is no evidence for dispersal via the Arabian Peninsula, with

several endemic Arabian toad species being essentially African relicts. For squamates, 

there is strong evidence for Asian-African dispersal (see e.g. Amer and Kumazawa 2005, 

Hipsley et al. 2009, Pook et al. 2009, Lee et al. 2016), but the timing and direction of 

interchange is poorly constrained. Among Colubroidea, the oldest unambiguous elapoid 

records are from the late Oligocene of Tanzania (McCartney et al., 2014; Bouchard et al.,

2016), requiring dispersal of the clade into Africa prior to the establishment of habitat 

bridges for mammals in the early Miocene. Colubrines and viperids are present in 

southern Africa by the early Miocene (Rage, 2008), suggesting immigration roughly 

consistent with the oldest Neogene mammal immigrations. Similarly, pythonids and 

erycids are present in both Eurasia and Africa by the middle Miocene (e.g., Rage, 1976), 

indicating that the majority of higher-order snake dispersal events occurred well before 

the deposition of the Baynunah Formation. The Baynunah squamate taxa identified here 

do not include unambiguously African endemic taxa, and the presence of colubrines may 

represent a stronger Eurasian influence on Arabian herpetofaunal compositions during the

Neogene. 

The majority of the record described here is largely consistent with modern faunas

from this region. However, the occurrence of Python in the Baynunah Formation is 

consistent with other proxy data that suggest wetter late Miocene environments than 

present (Bibi et al., 2013, this volume-b; Uno and Bibi this volume). 
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Figure Captions

Figure 8.1. Anuran vertebra from the Baynunah Formation. AUH 1506, trunk vertebra, 

in anterior (1), dorsal (2), ventral (3), right lateral (4), and posterior (5) views. Scale bar 

equals 1 mm. Images are volumetric reconstructions of micro computed tomographic 

(µCT) scans. 

Figure 8.2. Amphisbaenian vertebra from the Baynunah Formation. AUH 1452, 

precloacal vertebra, in anterior (1), dorsal (2), ventral (3), left lateral (4), and posterior (5)

views. Scale bar equals 1 mm. Images are volumetric reconstructions of µCT scans. 

Figure 8.3. Booid snake remains from the Baynunah Formation. A. cf. Erycidae indet. 

(AUH 1451), anterior precloacal vertebra, in anterior (1), dorsal (2), ventral (3), left 

lateral (4), and posterior (5) views. Scale equals 1 mm. B. Python sp. (AUH 1214) 

articulated precloacal vertebrae, in anterior (1), dorsal (2), ventral (3), left lateral (4), and 

posterior (5) views. Scale bar equals 5 mm. Images are volumetric reconstructions of 

µCT scans. 

Figure 8.4. Colubroid snake remains from the Baynunah Formation. A. Colubroidea 

indet., precloacal vertebra (AUH 1446) in anterior (1), dorsal (2), ventral (3), right lateral 

(4), and posterior (5) views. B. Colubrinae indet. sp. A, precloacal vertebra (AUH 1402) 

in anterior (1), dorsal (2), ventral (3), right lateral (4), and posterior (5) views. C. 

Colubrinae indet. sp. B, precloacal vertebra (AUH 1389) in anterior (1), dorsal (2), 
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ventral (3), left lateral (4), and posterior (5) views. Scale bars equal 1 mm. Images are 

volumetric reconstructions of µCT scans. 

Figure 8.5. Viperidae indet. vertebra from the Baynunah Formation. AUH 1782, 

precloacal vertebra, in anterior (1), dorsal (2), ventral (3), left lateral (4), and posterior (5)

views. Scale bar equals 1 mm. Images are volumetric reconstructions of µCT scans. 

Figure 8.6. Temporal and spatial distributions of published African and Arabian 

Neogene fossil squamate genera. Stars represent records from the Baynunah Formation 

described here. Abbreviations: Aga., Agamidae; Ang., Anguidae; Angui., Anguimorpha; 

Amp., Amphisbaenia; Cha., Chamaeleonidae; Col., Colubridae; Ela., Elapoidea; Ery., 

Erycidae; Gek., Gekkota; Ger., Gerrhosauridae; Lac., Lacertidae; Pyt., Pythonidae; Sci., 

Scincidae; Sco., Scolecophidia; Vip., Viperidae. Modified from Head and Müller (in 

Press). 

Table 8.1. List of fossil specimens examined in the present study. All specimens consist 

of isolated, often only partially preserved vertebrae.
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Table 8.1

Specimen no. Identification

AUH 1214 Pythonidae, Python sp. 

AUH 1389 Colubrinae indet. B

AUH 1394  Serpentes indet. 

AUH 1402  Colubrinae indet. A 

AUH 1426 ?Amphibia indet. 

AUH 1443 ?Amphibia indet. 

AUH 1445 Serpentes indet. 

AUH 1446  Colubroidea indet. 

AUH 1448 Serpentes indet. 

AUH 1449  Serpentes indet.

AUH 1451 cf. Erycidae 

AUH 1452 Amphisbaenia indet. 

AUH 1505 Serpentes indet. 

AUH 1506 Anura indet. 

AUH 1507 Serpentes indet. 

AUH 1520 Serpentes indet. 

AUH 1781 Colubrinae indet. B

AUH 1782 Viperidae indet.
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	Institutional Abbreviations
	AUH, Historic Environment Department, Abu Dhabi Department of Culture and Tourism (DCT, formerly the Tourism and Culture Authority).

