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The reptile fauna of the Eocene Pondaung Formation of central Myanmar (Fig. 1) has received little attention compared to its well-known
mammalian fauna (e.g., Colbert, 1938; Tsubamoto et al., 2000). In prior
reports, Buffetaut (1978) described indeterminate crocodylians and dyrosaurids. Hutchison et al. (in press) described carettochelyid, trionychid,
testudinoid, and pelomedusoid turtles from the formation. They additionally noted the presence of agamid lizards, a pristichampsine crocodilian, and snakes. The snakes are described here.
The occurrence of snakes in the Pondaung Formation is significant
because the fossil history of Paleogene South Asian snakes has historically been under studied relative to the North American and European
records (e.g., Rage, 1984; Szyndlar, 1984; Holman, 2000), despite hypotheses predicting the region as the origin of extant clades (e.g., Underwood
and Stimson, 1990; Rage et al., 1992). The South Asian record consists
primarily of marine palaeophiid taxa as well as terrestrial/terrigenous
specimens referred to Boidae (Boinae + Erycinae, Table 1). The only
derived snakes from the South Asian Paleogene are six colubrid vertebrae from the late Eocene Krabi Basin of Thailand (Rage et al., 1992)
and a single vertebra referred to Colubroidea (possibly Colubridae) from
the early Eocene of India (Rage et al., 2003). The absence of coeval
colubroids elsewhere (Rage, 1988), combined with the occurrence of the
Krabi Basin record, led Rage et al. (1992) to conclude that Asia represents the center of origin for Colubridae, the most speciose and diverse
extant snake clade.
The Pondaung snake record consists of two specimens derived from
terrestrial sediments occurring in the upper 100+ meters of the otherwise
marine Pondaung Formation as it crops out to the west and northwest of
Mogaung village, Myaing Township, central Myanmar (Fig. 1). The
snake localities are interpreted as swale-fills and/or paleosols deposited
in an ancient floodplain (Soe et al., 2002; see also Ciochon and Gunnell,
2002, and Gunnell et al., 2002 for more detailed discussions of the lithology and stratigraphy of these localities). Traditionally, the age of the
Pondaung fauna was considered to be late Eocene (e.g., Pilgrim, 1928;
Bender, 1983); however, Holroyd and Ciochon (1994) concluded that the
Pondaung fauna is latest middle Eocene (Bartonian) in age and broadly
contemporaneous with Asian faunas assigned to the Sharamurunian
Land Mammal Age, a finding confirmed by fission-track dates of 37.2 ±
1.3 Ma (Tsubamoto et al., 2002). These findings indicate that the
Pondaung fauna is slightly older than the Krabi Basin record, which has
been dated between 33.54 and 34.65 Ma in age based on paleomagnetic
correlations (Benammi et al., 2001).
Here we describe the Pondaung snakes and discuss their relative
implications for paleoecology, divergence timings, and biogeographic
histories. We refrain from erecting new taxa for the Pondaung specimens because the record is limited to just the two elements and neither
is complete. Additional material will be necessary to determine whether or not the Pondaung record represents new, distinct taxa, or individual or intracolumnar variants of previously known South Asian
snakes.

Institution Abbreviations—AMNH, American Museum of
Natural History; UCMP, University of California Museum of
Paleontology; USNM, United States National Museum.

SYSTEMATIC PALEONTOLOGY
OPHIDIA Brongniart, 1800
ALETHINOPHIDIA Nopcsa, 1923
PALAEOPHIIDAE Lydekker, 1888
Cf. PTEROSPHENUS Lucas, 1899
Referred Material—UCMP 147018, isolated precloacal vertebral centrum.
Locality and Age—UCMP V96001, late middle Eocene.
Description—The specimen is a procoelous centrum lacking complete
neural processes, synapophyses, and a hypapophysis. In anterior view
(Fig. 2A.1), the cotyle is vertically elongate. The majority of the cotylar
margin is broken, but a small portion on the left ventrolateral side of the
cotyle preserves a sharp margin. Shallow triangular pockets formed by
the confluence of the ventrolateral margins of the cotyle, dorsal margins
of the synapophyses, and lateral margins of the centrum body are present, as in Pterosphenus schweinfurthi (UCMP 41252). The lateral margins
of the element are concave in anterior view, from the broken bases of the
synapophyses to the bases of the neural arch.
In dorsal view (Fig. 2A.2), the preserved portions of the neural arch
are robust, wide processes forming the lateral walls of the neural canal.
The transverse section of the arches demonstrates smaller internal pneumaticities than described for Pterosphenus schucherti (Hutchison, 1985).
Medially, small, paired communicative foramina are present on the floor
of the neural canal. These foramina connect to a large central lacuna in
the centrum of other snakes (Hoffstetter and Gasc, 1969), and the condition in UCMP 147018 is smaller than observed in many other taxa.
In ventral view (Fig. 2A.3), the synapophyseal bases are elongate,
anteroposteriorly oriented, and closely appressed with only a narrow
space between them. Just posterior to the synapophyses is the base for a
small hypapophysis. The shape and orientation of the base indicate that
the hypapophysis was rounded to slightly ovoid in cross section, and
extended more ventrally than posteroventrally. The hypapophyseal base
is separate from the anterior margin of the condyle, as opposed to contacting the margin as in most other hypapophysial taxa (Smith, 1943).
The condyle is separated from the rest of the centrum by a gradual
constriction that begins at the level of the hypapophyseal base and the
posterior margins of the neural arch bases.
In lateral view (Fig. 2A.4), a broad, shallow pocket is present toward
the neural arch bases. Several small foramina are present within the
pocket. This condition differs from the single, large lateral foramen seen
in most alethinophidians. The condyle is vertically oriented, unlike that
in most other snakes, in which the articular surface is posteroventrally
oriented. The lateral margins of the cotyle are too poorly preserved to
determine if it was vertical or angled.
In posterior view (Fig. 2A.5), the condyle is ovoid, with a wider dorsal
than ventral region. Dorsally, the bases of the neural arch diverge from
the centrum at a steep angle. Ventral to the neural arches, the lateral
margins of the centrum are strongly concave, extending to the bases of
the synapophyses. The preserved margins of the hypapophysis are ventromedially angled, suggesting that the process was not elongate.
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FIGURE 1. Map showing Pondaung Formation fossil localities modified from Gunnell et al. (2002). UCMP locality V78102 corresponds to
Thandaung kyitchaung, and UCMP locality V96001 (as well as AMNH
locality A22) corresponds to Lema kyitchaung. See Hutchison et al. (in
press) for a discussion of locality concordances.

CAENOPHIDIA Hoffstetter, 1939
COLUBROIDEA Oppel, 1811
Gen. et sp. indet.
Referred Material—UCMP 147114, isolated precloacal vertebra.
Locality and Age—UCMP V78090, late middle Eocene.
Description—The specimen is from the precloacal region of the
skeleton. It is nearly complete, lacking only the majority of the neural
spine, right prezygapophysis, and right synapophysis. In anterior view
(Fig. 2B.1), the cotyle is circular, with well-developed lateral margins.
Prominent cotylar ventrolateral processes (LaDuke, 1991) are present at
the base of the cotyle, giving the ventral margin a squared appearance.
The process forms the medial margin of a semicircular anterior opening
of the paralymphatic channel with the synapophysis forming the lateral
margin. Deep paracotylar fossae are present on both sides of the cotyle;
however, the presence of paracotylar foramina within the fossae was not
observed. The prezygapophyseal articular facets are horizontally oriented.
In dorsal view (Fig. 2B.2), the element is robust, with shallowly concave interzygapophyseal ridges extending between the pre- and postzygapophyses. The prezygapophyseal articular facet is approximately circular. The zygosphene is well developed with a strongly crenulate anterior margin (tectum). The posterior margins of the neural arch are
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sharply concave, meeting at the sagittal midline of the element where
they form a wide posterior median notch. The base of the neural spine is
triangular in outline, originating at the posterior median notch of the
neural arch and thinning anteriorly, where it extends onto the zygosphene.
In ventral view (Fig. 2B.3), the centrum is triangular. A prominent
haemal keel originates at the ventral margin of the cotyle and defines the
medial margins of the paralymphatic channels. The keel is medially constricted approximately halfway along its length, and flares posteriorly,
where it is capped by a small hypapophysis. The condyle is round and is
differentiated from the centrum body by a strongly constricted anterior
neck. The posterior margin of the hypapophysis is a bluntly pointed
process. Lateral to the hypapophysis, two deep subcentral paralymphatic
fossae (LaDuke, 1991) excavate the ventral surface of the centrum. They
are continuous anteriorly with the channels formed by the synapophyses
and cotylar ventrolateral processes. The surface of the element is too
poorly preserved to determine the presence or absence of subcentral
foramina.
In lateral view (Fig. 2B.4), the zygosphenal articular facets are ovoid
and anterodorsally angled. The preserved margins of the neural spine are
angled toward the midline of the element, suggesting a relatively lower,
shorter neural spine than seen in many extant colubrids. The neural arch
is elevated, with an approximately vertical posterior margin. The paralymphatic channels and fossae are wide in lateral view, and are defined
by the confluence of the posterior margin of the synapophyses and the
hypapophysis with the centrum. The ventral margin of the hypapophysis
is broadly convex with an obtuse posterior tip. Just dorsal to the posterior
margin of the hypapophysis, the condyle is strongly angled posteroventrally, as is the cotyle. Dorsal to the synapophyses, the prezygapophysis
preserves a wide, ovoid base of a large accessory process.
In posterior view (Fig. 2B.5), the posterior median notch is wide, with
smooth external margins. The zygantrum is prominent, with welldeveloped articular facets. The lateral margins of the postzygapophyses
are rounded, with no indications of epizygapophyseal spines. Lateral to
the condyle, the dia- and parapophyseal articular facets of the synapophyses are distinct, well-developed, ovoid surfaces.
DISCUSSION
Systematic Assignments
Assignment of UCMP 147018 to Palaeophiidae is problematic because
there are few morphological characters that unambiguously unite included taxa (e.g., Rage, 1984; Holman, 2000). Historically, the clade has
been subdivided into Palaeophis and Pterosphenus (Lucas, 1899; Hoffstetter, 1958; Holman, 2000), which are generally recognized on the presence of vertically oriented pterapophyses on the dorsal margin of the
postzygapophyses, and differentiation of the condyle by a gradual anterior constriction. UCMP 147018 is included within Palaeophiidae on the
basis of the condyle differentiation.
Comparison to Pterosphenus is based on the presence of a dorsoventrally elongate centrum, ventrolaterally positioned paracotylar fossae,

TABLE 1. Paleogene snake record of Southeastern-Central Asia. Calamagras turkestanicus (Erycinae) is the only named species that is not
included in Palaeophiidae
Taxon

Country

Vialovophis zhylan
Nessovophis zhylga
Archaeophis turkmenicus
Pterosphenus biswasi, P. kutchensis,
“Madtsoiidae”/Boidae indet.,
Palaeophiidae indet., Colubroidea indet.
Calamagras turkestanicus, Palaeophis
ferganicus
cf. Palaeophis ferganicus
Pterosphenus sp.
Boinae and Erycinae indet.
Nessovophis tamdy, Pterosphenus muruntau,
cf. “Boidae”
Palaeophis sp.
Palaeophis udovichenkoi
Palaeophis nessovi
“Boidae” and Colubridae

Kazakhstan
Kazakhstan
Turkmenistan
India

Chimkent Region (late Paleocene)
Chimkent Region (early Eocene)
Danata Formation (early Eocene)
Naredi Formation (early Eocene)

Formation/locality and Age

Averianov (1997)
Averianov (1997)
Tatarinov (1963, 1988)
Bajpai and Thewissen (2002),
Rage et al. (2003)

Reference

Kirghizia

Alay beds (early Eocene)

Tajikistan
Pakistan
Pakistan
Uzbekistan

Bukhara Formation (early Eocene)
Domanda Formation (middle Eocene)
Kuldana Formation (early middle Eocene)
Bukhara Viloyat (early late Eocene)

Averianov (1997), Danilov and
Averianov, (1999)
Averianov (1997)
Gingerich et al. (1979)
(Rage, 1987)
Averianov (1997)

Kazakhstan
Ukraine
Kazakhstan
Thailand

Shorym Formation (early late Eocene)
Bodrak horizon (late Eocene)
Tavda Formation (late Eocene)
Krabi Basin (late Eocene)

Averianov (1997)
Averianov (1997)
Averianov (1997)
Rage et al. (1992),
Ducrocq et al. (1992)
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FIGURE 2. A, cf. Pterosphenus sp., precloacal vertebral centrum. B, Colubroidea indeterminate, precloacal vertebra. Both specimens are shown
in anterior (1), dorsal (2), ventral (3), left lateral (4), and posterior (5) views. Abbreviations: Dia, diapophyseal articular facet of synapophysis; Hyp,
base of hypapophysis; Nsp, base of neural spine; Pap, base of prezygapophyseal accessory process; Par, parapophyseal articular facet of synapophysis;
Plf, subcentral paralymphatic fossa; Syn, base of synapophysis; Vlp, cotylar ventrolateral process.

closely appressed synapophyses, and a ventrally oriented hypapophysis
that does not extend posteriorly to contact the condyle. The specimen
lacks the “anterior hypapophysis” (McDowell, 1979) of Pterosphenus;
however, the process appears to be an intracolumnar variant in Pterosphenus (P. schucherti, USNM 4047), and may reflect the posterior enlargement of the paralymphatic system where present. UCMP 147018
shares extreme lateral compression, including anteroposterior orientation of the synapophyseal bases and close positioning of the synapophyses, with Pterosphenus kutchensis (Rage, et al., 2003), but is too incomplete to make a definitive assignment to that species.
Because the specimen is so fragmentary, we considered the possibility
that it represents a non-snake squamate, a turtle, or a crocodyloid. However, the combined presence of synapophyses and a distinct hypapophysis does not occur in crocodilians or turtles, and only occurs in the cervical vertebral column of non-snake squamates. The condition in UCMP
147018 is unique to snakes in that the synapophyses are located on the
ventral margin of the centrum, unlike the condition in other squamates
where the synapophyses diverge from the lateral margin of the centrum
and are continuous with the ventral margin of the prezygapophysis.
Assignment of UCMP 147114 to Colubroidea is based on the occurrence of the following derived characters: well-developed cotylar ventrolateral processes, discrete haemal keel, circular cotyle and condyle, and
prominent prezygapophyseal accessory process. Several of these characters are present as intracolumnar variants in non-colubroid snakes; however, the combination of all the aforementioned characters only occurs in
colubroid taxa. Within Colubroidea, UCMP 147114 appears to be distinct from Colubridae by the absence of a uniformly thin and elongate
neural spine and deeply concave interzygapophyseal ridges. Additionally, the Pondaung specimen is similar to elapid snakes in that

it is more robust and anteroposteriorly short than many colubrids. However, these characteristics are subject to considerable intracolumnar
variation (e.g., Hoffstetter and Gayrard, 1965; Thireau, 1967a, b; Hoffstetter and Gasc, 1969).
Ecology, Divergence Timings, and Biogeography
The presence of a possible member of the Pterosphenus lineage from
terrestrial-estuarine sediments represents either reworked materials
from the lower marine Pondaung sediments, or active habitation in fluvolacustrine environments. There are no additional indicators of marine
reworking into terrestrial sediments, however, and other palaeophiid
taxa are known from estuarine to freshwater environments: Palaeophis is
known from sediments that include terrigenous components, and is inferred to have inhabited estuarine to riverine environments (e.g., Holman and Case, 1988). Westgate and Gee (1990) suggested that Pterosphenus inhabited fluvial, palustrine, and pelagic environments, whereas
Holman (2000) proposed that Pterosphenus was obligately pelagic, based
on the observations of Hutchison (1985). If the Pondaung specimen is a
sister taxon to Pterosphenus, then its occurrence in the terrestrial facies
of the Pondaung Formation supports hypotheses of hyposaline habitats
for the lineage.
The occurrence of a colubroid in the Pondaung Formation further
corroborates hypotheses of an early Paleogene divergence of Colubroidea in Asia (Rage et. al., 1992). Conversely, Rage and Werner (1999)
described a diverse fossil snake assemblage from the Cenomanian Wadi
Milk Formation of Sudan that includes specimens assigned to indeterminate colubroids. The presence of colubroids in the Wadi Milk Formation is surprising, as it extends the predicted divergence timing of Colubroidea to prior to the early Late Cretaceous, and requires an approxi-
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mately 40 million year unrecovered history between the Wadi Milk fauna
and the Paleogene records discussed here. The Cenomanian materials
are additionally problematic in the absence of preservation for vertebral
characters that are important for establishing phylogenetic interrelationships (e.g., synapophyseal and prezygapophyseal morphologies). Additionally, colubroid characteristics, such as the presence of well-developed
paracotylar ventrolateral processes, appear to be absent. Because of
these problems, we consider the presence of colubroids at the Early/Late
Cretaceous boundary a fascinating but tentative hypothesis at this time.
Rage et al. (2003) reported a possible colubrid from the early Eocene
of Kutch, based on an isolated precloacal vertebra. Although this specimen possesses a derived character of colubrids (elongate neural spine
that extends onto zygosphene), it also possesses parazygosphenal foramina and multiple paracotylar foramina. The presence of both characters is derived within Acrochordus, and it is possible that the Kutch
specimen represents an apomorphic acrochordid as opposed to a colubrid.
An early Paleogene divergence of Colubroidea in southern Asia is
consistent with the fossil record, immunological divergence times, and
geographic distributions of extant clades (Cadle, 1987; Rage et al., 1992;
Cundall et al., 1993). The aforementioned morphological differences between UCMP 147114 and Colubridae differentiate the Pondaung and
Krabi Basin records, implying higher-order divergences within the clade
had occurred by at least the late Eocene. The recent discovery of a
colubrid from the marine latest Eocene of North America (Parmley and
Holman, 2003) is further corroboration, and indicates that Colubroidea
had achieved transcontinental distributions some 14 million years prior
to dominating snake faunas in both ecological diversity and species richness beginning in the Miocene (e.g., Parmley and Holman, 1995; Ivanov,
2000).
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