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Abstract: Across the Arabian Platform, fossil turtles have
been recovered from deposits dating back to the Cretaceous.
In Syria, such remains are mostly fragmentary, recovered
from the phosphatic deposits around Palmyra, as well as
from the Pleistocene Nadaouiyeh Ain Askar archaeological
site. Here we report a new genus and species, Syriemys lelun-
ensis, represented by a fully preserved inner cast of the shell,
plus some plastral, pelvic and hind-limb bones, some
enclosed within the cast. The specimen was collected from
the Al-Zarefeh Quarry, near Afrin, in Aleppo Governorate,
with foraminifera extracted from the surrounding rock indi-
cating an early Eocene age. Syriemys lelunensis can be
ascribed to the pleurodiran clade Stereogenyini based on a
short cranial lobe of the plastron, which does not extend
beyond the cranial margin of the carapace, a short epiplastral

symphysis, and very reduced gular, extragular and humeral
scutes. Syriemys lelunensis also differs from all other known
members of the group that have a preserved shell by the pre-
sence of three autapomorphic traits: seven neural bones
extending at least to costal bone 7, a nuchal bone with a cra-
nial edge half the lateromedial breadth of its widest part,
and a shallow anal notch formed by short xiphiplastral pro-
cesses. This discovery pushes the origin of Stereogenyini back
at least to the early Eocene, providing further support for a
Mediterranean ancestral geographical range for the group.
Finally, Sy. lelunensis represents the first new species of
extinct vertebrate ever described from Syria.

Key words: Syria, lelunensis,
Eocene.

Stereogenyini,  Syriemys

STEREOGENYINI represent an extinct group of pleurodire
turtles with a coastal or marine lifestyle (Ferreira et al. 2015,
2018a). Known from the Eocene-Miocene of the Mediterra-
nean realm (e.g. Cordichelys antiqua, Latentemys plowdeni,
Lemurchelys diasphax, Mogharemys blackenhorni and Stereo-
genys cromeri; Andrews 1901, 1903; Dacqué 1912; Gaffney
et al. 2011), the Caribbean area (e.g. ‘Bairdemys’ healeyorum,
Bairdemys spp.; Wood & Diaz de Gamero 1971; Gaffney &
Wood 2002; Gaffney et al. 2008; Weems & Knight 2013; Fer-
reira et al. 2015), and the northern Indian Ocean (e.g. Bron-
tochelys  gaffneyi, Piramys auffenbergi and Shweboemys
pilgrimi; Swinton 1939; Wood 1970; Prasad 1974), their
records suggest a northern tropical distribution during most
of the Cenozoic and an extinction around the Miocene—
Pliocene boundary. Here, we describe a new Stereogenyini
species, from Eocene deposits of northern Syria, which

© 2025 The Palaeontological Association.

corresponds to the oldest confirmed record of that group. In
fact, Stereogenyini represent the only podocnemidids pre-
viously reported from the Arabian Plate, with Shweboemys
tentatively recorded in Miocene deposits of Oman (Roger
et al. 1994) and Saudi Arabia (Thomas 1982), and Stereo-
genys in the Oligocene of the former country (Thomas
et al. 1989).

The new fossil was discovered in 2010, at the
Al-Zarefeh Quarry in the Aleppo Governorate (Fig. 1A),
among the debris following a controlled explosion to
break up large limestone blocks for processing. The speci-
men was found in two pieces and brought to the atten-
tion of the quarry owner, Mr Muhammad Al-Ibrahim.
Recognizing its potential significance, he transferred the
fossil to the General Establishment for Geology and

Mineral Resources (GEGMR) office in Aleppo, where it
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FIG. 1. A, map of Syria highlighting the location of the study area (boxed area). B, surface exposure of rocks in the study area: the
yellow star indicates the location of the lithological log in Figure 2, and the line ‘A-B’ indicates the cross-sectional profile in C, high-
lighting the deposits and structural setting of the area (modified from Protasevich et al. 1963). Abbreviation: DSTF, Dead Sea trans-

form fault.

was received by the former GEGMR director, Mr Abdo
Alwan, examined by geologists Muhammad Ibrahim, Ali
Abdullah, Abdo Alwan and Muhammad Shaib, and sub-
sequently put on display. By 2023, geologist Hassan Naser
informed the first author about the fossil; the GEGMR
office in Damascus was contacted and arrangements were
made to transfer the specimen to that institution, where
it was officially catalogued.

Fossil turtles have been previously documented in Syria
from the Cretaceous phosphatic deposits of the Palmyra
area. These include fragmentary remains of marine or
coastal cryptodires (Chelonioidea) and pleurodires
(Bothremydidae), the latter  possibly  including

representatives of the Taphrosphyini (Bardet et al. 2000;
Al Maleh & Bardet 2003). Furthermore, the Pleistocene
deposits of the Nadaouiyeh Ain Askar archaeological site
include remains likely to represent emydid cryptodirans
(Savioz & Morel 2005). The new material described here
represents not only the first well-diagnosed fossil turtle
from Syria, but also the first new species of an extinct
vertebrate described for the country.

This is the second contribution to a series of papers,
started with Alhalabi ef al. (2024), entitled ‘Recovering
Lost Time in Syria’. Future publications of this series are
currently in preparation and will continue to explore the
vertebrate fossils of the country.
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ALHALABI ET AL.: A NEW EOCENE STEREOGENYIN TURTLE 3

GEOLOGICAL SETTING & AGE

The limestone quarry that yielded the new turtle is
located in northern Syria, close to the border with Turkey
(Fig. 1A), and supplies coarse aggregates for the area. It is
located on the western slopes of Mount Semaan, at an
elevation of ¢. 360 m.a.s.l. The slope extends in a NE-SW
direction, overlooking the Afrin plain at an elevation of c.
300-550 m.a.s.l. The Afrin plain itself, where Afrin village
is located, is positioned between Mount Semaan and the
Maabatli syncline, at an elevation of 250-300 m.a.s.l. All
of these topographic features are structurally controlled
by the Dead Sea transform fault (DSTF; Fig. 1). The
DSTF is an active transform boundary between the Ara-
bian and the Levantine plates (Brew et al. 2002). The
Afrin plain, which is a pull apart basin, and the slope
where the quarry is located are on the active branch of
the DSTF (Rukieh et al. 2005).

The Afrin district is mainly covered by deposits of
Jurassic—Cretaceous age in its northwesternmost part
(Kurd Dagh mountains) and by deposits of Eocene and
Miocene age at its southeastern part, the Maabatli syn-
cline and Mount Semaan (Fig. 1B). The Kurd Dagh
mountains and the Maabatli syncline are separated by
outcrops of an argillaceous limestone, which was ascribed
to the lower Eocene (Protasevich et al. 1963). Close to
Ashkan Sharki, this argillaceous limestone is covered by a
hard grey to white nummulitic limestone and by a light
grey argillaceous limestone, ascribed to the middle and
upper Eocene, respectively (Figs 1B, 2), all of which was
deposited in shallow waters (Brew et al. 2002). The lower
Eocene limestone also includes some tuffs (Protasevich
et al. 1966) but this is barely exposed in the eastern part
of the Maabatli syncline and the western slope of Mount
Semaan. The lithology that preserved the fossil turtle is
mainly composed of hard grey to white limestone, with
pinkish veins, which is also ubiquitous in the quarry
exposures and better fits the middle Eocene limestone of
Brew et al. (2002). However, based on the geological map
and cross-sectional profile, the turtle site appears to be
somewhat higher in the stratigraphy (Fig. 1).

Rock samples extracted from around the turtle shell cast
provided a foraminiferal record that enabled correlation of
the fossil-bearing deposits with the Berggren et al. (1995)
and Berggren & Pearson (2005) biozones. Confirmed taxa
include Acarinina angulosa, Ac. soldadoensis, Subbotina
eocaena  and  Parasubbotina  inaequispira, = whereas
Ac. pseudotopilensis, Chiloguembelina sp., Morozovella arago-
nensis, Mor. lensiformis, Mor. velacoensis, Su. linaperta and
Su. velascoensis, are also likely to be present. This suggests a
correlation to the lowest Eocene (56-54.4 Ma), that is the
uppermost part of Zone P5 of Berggren et al. (1995) (Bergg-
ren & Pearson 2005).

MATERIAL & METHOD

GEGMRD 0002 is permanently housed at the General
Establishment for Geology and Mineral Resources in
Damascus (GEGMRD). The GEGMRD was established
in 1977 under official government decree no. 136, as an
official institution operating under the Ministry of Pet-
roleum and Mineral Resources. Given that Syria cur-
rently lacks a natural history museum or official
palaeontological collection, an agreement was made to
store all fossils collected in the country at the
GEGMRD.

Measurements were taken using a digital calliper accu-
rate to 0.01 mm. The specimen was scanned using a Phi-
lips medical computed tomography (CT) scanner at
Daffodil 88 Medical Centre, a private facility in Damas-
cus. The specimen was scanned with the voltage set to
120 kV, the current to 263 pA, and the voxel size
to 0.8535 mm. Three-dimensional segmentation and
visualization were conducted wusing Amira v2022.2
(Thermo Fisher Scientific). Rock samples were collected
from the turtle shell cast, soaked in water for 24 h, and
washed to remove marl and clay residues. The cleaned
samples were then oven-dried for 1 min and analysed
using a Nikon microscope.

The nomenclature for the turtle shell bones and scutes
follows Hutchison & Bramble (1981). We use the Interna-
tional Committee on Veterinary Gross Anatomical
Nomenclature (ICVGAN 2005) to describe the body parts
of GEGMRD 0002, with the propodium oriented latero-
medially on the horizontal plane (Romer 1956). Hence,
the major trochanter expands cranially from the proximal
portion of the femur.

The phylogenetic analysis was conducted by adding
GEGMRD 0002 to the character—taxon matrix of Fer-
reira ef al. (2024) (Appendix S1; Alhalabi et al. 2025).
Because some characters incorporate errors introduced
by the wuse of synonymous terminology for the
gulars/extragulars and intergular/gular scutes, we
further modified that matrix by adjusting the state-
ments and scorings for characters 230, 233, 234 and
242 (Appendix S2). Also, some scorings of Stupend-
emys geographica were updated (Appendix S2) based
on recently discovered specimens (Cadena et al. 2020,
2021). All characters were treated with the same
weight, and some were ordered (as in the previous
analysis of Ferreira ef al. 2024). The new matrix was
analysed in TNT v1.6 with traditional search, using
the tree-bisection reconnection (TBR) swapping algo-
rithm, with 1000 replicates holding 20 trees, and ran-
dom seed = 1. A second round of TBR was
conducted on the saved trees and a strict consensus
was calculated to summarize the results.
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FIG. 2. Lithological log near Ashkan Sharki Village (yellow star in Fig. 1B), showing putative lower—upper Eocene deposits (based on

data from Protasevich et al. 1966).

Palacogeographical maps were created using the
packages terra (Hijmans 2025), sf (v1.0-21; Pebesma 2018;
Pebesma & Bivand 2023), and rgplates (v0.6.0; Miiller
et al. 2018; Kocsis et al. 2024) in R (R Core Team 2024)
modifying a script created by Addm T. Kocsis (available
at https://gplates.github.io/rgplates). We used data from
Kocsis & Scotese (2021) to present the contours and posi-
tion of the possible landmasses at 50, 35, 20 and 10 Ma,
and a proxy-corrected HadCM3L climate model to plot
the mean annual air surface temperatures (Scotese
et al. 2021, after Valdes et al. 2021) for those same time
slices.

SYSTEMATIC PALAEONTOLOGY

PLEURODIRA Cope 1865
PELOMEDUSOIDES de Broin 1988
PODOCNEMIDIDAE Cope 1868
STEREOGENYINI Gaffney et al. 2011
Genus Syriemys nov.
Figures 3-6

LSID. https://zoobank.org/NomenclaturalActs/d2eff823-40ea-
4efb-adf5-b4837df56467

Derivation of name. The genus name joins the Greek words
Yvpia (Suria) and éuig (emiis), latinized as ‘Syria’ and ‘emys’,
respectively, for ‘Syria’ and ‘turtle’.

Type species. Syriemys lelunensis.

Diagnosis. As for type and only species.

Syriemys lelunensis sp. nov.

LSID. https://zoobank.org/NomenclaturalActs/d34alllc-cbbb-
413a-8282-a39¢7f1017f1/

Derivation of name. The species epithet derives from the Kurd-
ish name (Lelun) of the highland area where the fossil was
found, also known as Mount Semaan. ‘Lelun’ may refer to the
olive fruit before ripening (LeLun), meaning ‘excessive bitter-
ness’, or stem from LeyLan, which denotes a mirage. Another
possible origin is Lulan, meaning ‘twisting’ or ‘crescent-shaped’,
a characteristic that aligns with the mountain’s crescent-like
form on its western end (Barakat 2006).

Holotype. GEGMRD 0002 (Figs 3-6) is mainly composed of an
internal shell cast, but also includes parts of the entoplastron,
the right hyoplastron, and both epi-, hypo- and xiphiplastra.

85UB01 7 SUOLILLOD AIIS.1D) 3(cfedt(dde aup Aq peusenob afe e O '8sn JO s3I 10y Akeld 1 8UIIUQ AB]1M UO (SUOIPUOD-PUE-SLUIBI WD A8 | ARIq 1 UIIUO//SANY) SUONIPUOD pUe swie | 8y} 89S *[5202/20/c2] Lo Ariqiauliuo AB|im * 1zeig - ojed 0es JO AisieAlun - Jebue xe|N Aq 92002 2dds/z00T 0T/10p/wo A8 | Akeaq 1 pul|uo//sdny wouy pepeojumod *y ‘520z ‘20829502


https://gplates.github.io/rgplates
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d2eff823-40ea-4efb-adf5-b4837df56467
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1
http://zoobank.org/NomenclaturalActs/d34a111c-cbbb-413a-8282-a39e7f1017f1

ALHALABI ET AL.: A NEW EOCENE STEREOGENYIN TURTLE 5

The right and left pelvic bones and the femora were preserved
inside the cast.

Type locality & horizon. The Al-Zarefeh Quarry is an extraction
site of limestone gravel used for construction managed by the
GEGMR office in Aleppo. The quarry is located c. 3.5 km east
of Afrin (Efrin) in the Aleppo Governorate, on the western edge
of Lelun Mountain. Coordinates: 36°29'31”N, 36°54'04”E. The
hard grey to white limestone that is ubiquitous in the quarry
and in which the fossil turtle was preserved, matches the middle
Eocene deposits described for the area by Brew et al. (2002).
However, the foraminifera extracted from around the turtle shell
cast indicate an early Eocene age.

Diagnosis. Syriemys lelunensis can be ascribed to Pleurodira by
the suture of the pelvic girdle to the shell, to Pelomedusoides
by possessing a pair of small, rounded and laterally placed meso-
plastra, and to Stereogenyini by the presence of a short and
rounded cranial plastral lobe that does not extend beyond the
cranial margin of the carapace, a short epiplastral symphysis,
and very reduced gular, extragular and humeral scutes. It differs
from ‘Ba.’ healeyorum and Ba. venezuelensis by the presence of a
nuchal notch and axillary buttresses that reach peripheral bones
2. It differs from Co. antiqua by bearing a shallower nuchal
notch, a pectoral scute that extends over two-thirds of the ento-
plastron, and very small extragular scutes that do not reach the
entoplastron (as in ‘Ba. healeyorum, but unknown in
Ba. venezuelensis). Finally, it differs from all other Stereogenyini

that have a preserved shell by the presence of seven neural bones
extending at least to costal bone 7, a nuchal bone with a cranial
edge half the lateromedial breadth of its widest part, and a shal-
lower anal notch formed by shorter xiphiplastral processes.

Description. The carapace morphology (Figs 3, 4) is preserved
only as impressions of the sutures in the internal cast, showing
the contact between all of the bones. The carapace is 53 cm long
at the midline and 44 mm wide at the level of costal bones 4;
these are linear measurements, not following the convexity of
the carapace. It is oval shaped, slightly tapering caudally. The
nuchal bone is trapezoidal, ¢. 30% wider than long, with a
rounded caudal margin that is almost twice as broad as the cra-
nial edge, contacting peripheral bones 1 laterally, and both
neural bone 1 and costal bones 1 caudally. It should be high-
lighted that the dorsal shape of the carapacial bones may differ
from the morphology they assume on the visceral side of the
carapace. The following descriptions are based on what is pre-
served (i.e. the cast of the visceral carapacial surface) and should
thus be taken with caution. The neural series comprises seven
bones, all twice as long as wide, except for the sixth element,
which is only slightly longer than wide. Neural bones 1-6 are
wider cranially than caudally, but the condition in the seventh
element is unclear. The shape of the first neural bone seems to
be different from that of the other bones in the series, it contacts
the nuchal bone cranially, the first costal bones laterally, and
neural bone 2 caudally. Thus, its dorsal surface would most
likely have had a rectangular outline. Neural bone 3 is the

FIG. 3. Syriemys lelunensis gen. et sp. nov. (GEGMRD 0002), early Eocene of Syria. Photographs of the inner cast of the shell show-
ing aspects of the carapace and plastron anatomy in: A, dorsal; B, ventral view. Scale bar represents 10 cm.
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FIG. 4. Syriemys lelunensis gen. et sp. nov. (GEGMRD 0002), early Eocene of Syria. Drawings of the inner cast of: A, carapace;

B, plastron. Abbreviations: ana, anal scute; ax, axillary buttress; cos1-8, costal bones 1-8; eg, extragular scute; ent, entoplastron; epi,
epiplastron; fem, femoral scute; gu, gular scute; hum, humeral scute; hyo, hyoplastron; hypo, hypoplastron; ib, inguinal buttress; ils,
iliac scar; me, mesoplastron; nel-7, neural bones 1-7; nu, nuchal bone; pec, pectoral scute; perl—11, peripheral bones 1-11; pg, pygal
bone; spg, suprapygal bone; ns1-8, neural spine scars 1-8; xip, xiphiplastron. Dashed lines indicate reconstructed contour of the shell;
grey shadowing indicates holes in the cast corresponding to the shell buttresses; dotted lines on peripheral plates 8-10 represent sulci
left by the marginal scutes on the visceral surface of the carapace; hatched areas in A indicate iliac and vertebral articulations; pre-

served bones in B are shown in dark grey. Scale bar represents 10 cm.

longest and 2 the widest of the series. Neural bone 2 contacts
costal bones 1 craniolaterally, costal bones 2 laterally, and neural
bone 3 caudally. Neural bones 3—6 follow the same pattern as
neural bone 2: neural bone 3 contacts costal bones 2 craniolater-
ally and costal bones 3 laterally; neural bone 4 contacts costal
bones 3 craniolaterally and costal bones 4 laterally; neural bone
5 contacts costal bones 4 craniolaterally and costal bones 5 later-
ally; and neural bone 6 contacts costal bones 5 craniolaterally,
costal bones 6 laterally, and probably neural bone 7 caudally.
The neural series is relatively long, extending at least to costal
bones 7, but most probably not reaching costal bones 8. The
suprapygal bone is trapezoidal, slightly wider than long, and
with a rounded cranial margin. Only a small portion of the cast
of the pygal bone is preserved, showing its contacts with the
suprapygal bone cranially and with both peripheral bones 11
laterally.

The first costal bone is the longest, the fourth is the widest,
whereas the eighth is the smallest in all dimensions and the only
one in the series that clearly contacts its counterpart medially,
although this was probably also the case for costal bones 7 and
8. Regarding their contacts, costal bone 1 contacts the nuchal
and peripheral bones 1 and 2 cranially, peripheral bones 3 and 4

laterally, and costal bone 2 caudally. Costal bones 2-5 follow a
similar pattern, each contacting the two adjacent peripheral
bones laterally: costal bone 2 contacts peripheral bones 4 and 5;
costal bone 3, peripheral bones 5 and 6; costal bone 4, periph-
eral bones 6 and 7; and costal bone 5, peripheral bones 7 and 8.
Costal bone 6 contacts its counterpart medially and peripheral
bones 8 and 9 laterally. Costal bones 7 and 8 probably contact
their counterparts medially, costal bone 7 contacts peripheral
bones 9 and 10 laterally, whereas costal bone 8 contacts periph-
eral bones 10 and 11 laterally and the suprapygal bone caudally.
The scars left by the first two thoracic ribs are relatively robust,
but the costovertebral tunnel seems very shallow. The axillary
scar is restricted to the first costal bones, but is relatively short,
extending in a caudomedial to craniolateral direction for less
than half of the total length of the bone. Costal bones 5 bear the
inguinal scar, which is very reduced, restricted to its lateral edge.
The iliac scar has a triradiate shape and lies over costal bones 7
and 8, not reaching the suprapygal element. Peripheral bone 1 is
almost two-thirds wider cranially than caudally and the other
peripherals are more consistent in these measurements. Periph-
eral bones 3-10 are longer than wide, with the opposite being
the case for peripheral bones 1 and 2, whereas the 11th elements
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are not entirely preserved. The axillary scar extends craniolater-
ally to peripheral bones 2 and 3, whereas the inguinal scar
reaches peripheral bone 8. Peripheral bones 8-10 preserve the
sulci left by the marginal scutes on the visceral surface of
the shell, which lie at the mid-length of the bones and match
the sutures between subsequent costal bones.

The plastron consists of 11 bones (Figs 3, 4): the entoplastron
and paired epiplastra, hyoplastra, hypoplastra, mesoplastra and
xiphiplastra. Only parts of both epiplastra, the entoplastron, the
right hyoplastron, and both hypo- and xiphiplastra are pre-
served, but the contact between all plastral bones can be
observed in the internal cast. The plastron is 46 cm long (mea-
sured at the midline, from the cranial margin of the plastron to
the cranial margin of the anal notch) and 38 cm wide (between
the lateral edges of the mesoplastra). The cranial lobe is short,
about half the length of the caudal lobe. The entoplastron has a
rhomboidal shape and is slightly wider than long, contacting the
epiplastron craniolaterally and the hyoplastron caudolaterally.
The epiplastra are large (about the size of the entoplastron), and
they contact the counterpart craniomedially, the entoplastron
caudomedially and the hyoplastron caudolaterally. The hyoplas-
tron has the largest maximum length of the plastral bones and
forms the cranial portion of the bridge, laterally contacting per-
ipheral bones 2-5. The mesoplastron is rounded and lateral, only
slightly larger than the entoplastron. It lies between the hyo- and
hypoplastra and laterally contacts peripheral bones 5 and 6,
forming the middle portion of the bridge. The hypoplastron has
the longest midline length of the plastral bones and forms the
caudal portion of the bridge, laterally contacting peripheral
bones 6 and 7. The xiphiplastron is relatively large, as long at
the midline as the hyoplastron. Its lateral margin is straight,
lacking the constriction caused by the femoroanal sulcus. The
caudal processes are short and rounded, forming a shallow and
wide anal notch.

Some sulci between the scutes are visible in the preserved
bone plates of the plastron. The gular scute is short and trape-
zoidal; it reaches the cranial margin of the plastron but does not
extend over the entoplastron. It contacts the extragular scutes
laterally and the humeral scutes caudally, completely separating
the extragular scutes from one another. The extragular scutes are
very small and triangular, reaching the cranial edge of the plas-
tron. They are restricted to the epiplastron and are located
between the gular and humeral scutes. The humeral scutes are
twice as large as the gular and extragular scutes combined. They
overlay the epiplastra and entoplastron but do not reach the
hyoplastra caudally, or reach them only slightly laterally. Aside
from the previously mentioned contacts, the humeropectoral
sulci extend lateromedially from the epi- to the entoplastron,
with the humeral scutes covering only the cranial third of the
entoplastron. Only the cranialmost portion of the pectoral scutes
is visible. They are larger than the other scutes, overlaying
two-thirds of the entoplastron, the caudal corner of the epiplas-
tron, and the entire preserved portion of the hyoplastron. On
each xiphiplastra, a small lateral portion of the femoroanal sul-
cus is visible, located at about half the length of the bone.

Both the pelvic girdle and the femora were preserved inside
the shell cast and could be reconstructed using the CT data
(Figs 5, 6). The pelvic bones were displaced from their original

position but are nearly complete, with the three bones being
almost the same size. The ilium is considerably flattened latero-
medially and its dorsalmost part is not preserved. The ventral
surface is expanded to articulate with the pubis and ischium,
forming the dorsal part of the acetabulum. In the ventral part of
that structure, the pubis articulates caudally with the ischium.
The epipubic process is very thin and projects craniomedially.
The surface of the pubis that articulates with the xiphiplastron is
slightly deformed, but shows a broad roughly triangular sutural
contact. The ischium articular surface for the xiphiplastron
could not be reconstructed with accuracy, but it is roughly oval
shaped, with the long axis oriented caudolaterally to craniome-
dially. The ischium and pubis form a broad thyroid fenestra
ventral to the acetabulum, which is oval and slightly elongated
cranioventrally to caudodorsally.

The left femur is well-preserved and lies near the pelvic girdle,
with its proximal end near, but not articulated with, the aceta-
bulum. The right femur is rotated, displaced cranially and more
deformed than the left one. The femora are c¢. 10 cm long, with
a largely sigmoid shape in cranial/caudal views, although the
shaft is straight. The femoral head is large and well-projected
from the shaft, with the articular surface tilted c. 33° relative to
the shaft axis (measured from the midline of the shaft in rela-
tion to the inclination of the articular surface, with the inflection
point located at the proximal edge of the articular surface). The
two trochanters are parallel to one another, forming a wide and
shallow intertrochanteric fossa. The major trochanter is only
slightly larger than the minor trochanter and projects craniodor-
sally, whereas the minor trochanter projects caudoventrally. The
trochanters are separated from the femoral head by shallow but
distinctive notches and expand distal to the femoral head. The
distal end of the bone is curved ventrally, showing a clear dis-
tinction between the fibular condyle, which is more prominent,
and the tibial condyle. The condyles are separated by a
well-developed intercondylar fossa.

PHYLOGENETIC RESULTS

The phylogenetic analysis of the modified matrix after the
inclusion of Sy. lelunensis resulted in 1728 trees of 527
steps. Their strict consensus (Fig. 7) is well-resolved and
like that of other studies based on previous versions of
that data-matrix (Ferreira et al. 2024). The newly added
Sy. lelunensis is well set within the Stereogenyini and
Stereogenyina clades (sensu Ferreira et al. 2015) as sister
to Co. antiqua (i.e. external to the Stereogenyita/
Bairdemydita dichotomy; Ferreira ef al. 2018a, 2018b).
That sister taxon relation is supported by three synapo-
morphies: an embayed nuchal bone (char. 170, state 1),
an axillary buttress that reaches peripheral bone 2 (char.
193, state 0), and a dorsoventrally flattened shell (char.
206, state 1). The clades Stereogenyini and Stereogenyina
are well supported, both of them by seven synapomor-
phies. The monophyly of Stereogenyini is supported by
characters 25, 26, 71, 74, 79, 81 and 111, whereas that of
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FIG. 5. Syriemys lelunensis gen. et sp. nov. (GEGMRD 0002), early Eocene of Syria. CT rendered images. A, dorsal view of the shell
cast with pelvic bones and femora in their preserved positions. B-E, right pelvic bones in: B, lateral; C, medial; D, cranial; E, caudal
view. Abbreviations: ace, acetabulum; ep, epipubic process; il, ilium; is, ischium; pub, pubis. Scale bar represents 2 cm (B-E).

tmi

tma

FIG. 6. Syriemys lelunensis gen. et sp. nov. (GEGMRD 0002), early Eocene of Syria. CT rendered images of the left femur in:
A, dorsal; B, ventral; C, caudal; D, cranial; E, proximal; F, distal view. Abbreviations: if, intercondylar fossa; itf, intertrochanteric fossa;
tma, major trochanter; tmi, minor trochanter. Arrow in E-F points dorsally. Scale bar represents 2 cm.

Stereogenyina is based on characters 55, 56, 70, 75, 76, 90
and 128. All of the characters are, nevertheless, related to
the skulls: for example, very small to absent fossae preco-
lumellaris (char. 80, state 0) for the former or the pre-
sence of a secondary palate (char. 75, state 1) for the
latter.

DISCUSSION

Even though most Stereogenyini are known exclusively
from cranial remains, those with preserved shells (i.e.
Co. antiqua, ‘Ba.’ healeyorum and Ba. venezuelensis) show
many similarities to Sy. lelunensis. Its relatively short
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FIG. 7. Excerpt of the strict consensus of 1728 most parsimonious trees in the present phylogenetic analysis, showing the position of
Syriemys lelunensis in Erymnochelyinae. Terminals scaled to the Cenozoic timescale (Cohen et al. 2013; v2024/12). Arrow, stem-based
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UCMP, University of California Museum of Paleontology.

plastron, with a very short and round cranial lobe that
does not extend beyond the cranial line of the carapace,
and short epiplastral symphysis, are typical traits of the
Stereogenyini plastron (Wood & Diaz de Gamero 1971;
Weems & Knight 2013; Cherney et al. 2020). Among
Stereogenyini, Sy. lelunensis shows many similarities to
‘Ba.’ healeyorum, such as very reduced extragular scutes,
restricted to the epiplastra, and pectoral scutes that
extend more cranially, overlaying two-thirds of the ento-
plastron. It also shares traits with Co. antiqua, as shown
by the phylogenetic results. Most importantly, it can be
distinguished from all other Stereogenyini by the presence
of three autapomorphic characters: a shallow anal notch
formed by shorter xiphiplastral processes, a nuchal bone
with a lateromedially narrow cranial edge (half its maxi-
mum width), and seven neural bones that extend to
costal bone 7. Most non-Stereogenyini erymnochelyines
have a neural series composed of only six bones, except
for Papoulemys laurenti and some Neochelys species (e.g.
Ne. capellini, Ne. salmanticensis and Ne. zamorensis; de
Broin 1977; Pérez-Garcia et al. 2023, 2024) in which
seven (sometimes eight; Pérez-Garcia et al. 2024) bones
are present. Among Stereogenyini the neural series is
more variable. Whereas Co. antiqua and ‘Ba.’ healeyorum

have the common count of six neural bones (Gaffney
et al. 2011; Weems & Knight 2013; Cherney et al. 2020),
Ba. venezuelensis completely lacks those elements (Wood
& Diaz de Gamero 1971) and Andrewsemys libyca (origin-
ally assigned to Stereogenys, but currently with unclear
affinities to Stereogenyini; Pérez-Garcia et al. 2017) has a
series of eight neural bones, although lacking neural bone
1. Finally, the femur of Sy. lelunensis has a slenderer shaft
and a more curved distal condyle, compared with ‘Ba.
healeyorum (Weems & Knight 2013), which is the only
other Stereogenyini with a known femur. Thus,
Sy. lelunensis can be confidently recognized as a new
genus and species of that group.

Previously, the oldest confirmed records of Stereoge-
nyini (i.e. Ste. cromeri and Co. antiqua) came from the
late Eocene (Priabonian) of Egypt (Kampouridis
et al. 2023). The discovery of Sy. lelunensis pushes the
origin of the group back minimally into the early Eocene,
approaching the oldest records of other Erymnochelyinae
(e.g. Carbonemys cofrini, Paleocene of Colombia). It also
provides extra support for a Mediterranean (i.e. north
Africa and west Arabia) ancestral geographical range for
Stereogenyini, as already suggested by the Egyptian prove-
nance of its earliest branching members (Fig. 7) and a
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FIG. 8. Palaecogeographic maps (produced as detailed in the Method section) showing air temperature for four different time-slices:
50, 35, 20 and 10 Ma; respectively, for the early-middle Eocene, late Eocene to Oligocene, early Miocene, and middle-late Miocene

records of Stereogenyini, plus Syriemys lelunensis (white circle).

possible record of the group in the middle Eocene of
Morocco (Aniny et al. 2022). The high surface tempera-
tures of the Eocene, leading to high sealevels (Miller
et al. 2020), would favour dispersion out of the Mediter-
ranean realm by that epoch. However, as summarized
below, the fossil record of Stereogenyini suggests that
such events happened somewhat later.

From that starting point, a palacobiogeographical
model (Fig. 8) could be drawn in which the Mediterra-
nean Tethys offered an open connection to both the
Atlantic and Indian oceans, the latter opening lasting at
least until the Oligocene (Palcu & Krijgsman 2022). This
enabled the ancestors of Br. gaffneyi to disperse to the
Indo-Tethys, and those of ‘Ba.’ healeyorum to reach the
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North Atlantic western margin. However, because our
phylogenetic hypothesis (Fig. 7) does not show
Br. gaffneyi forming a clade with Pi auffenbergi and
Sh.  pilgrimi, it is possible that some kind of
Mediterranean—Indian connection remained open until
the Miocene, enabling the dispersal of the ancestors of
those two taxa by that epoch. Instead, if the connection
did not last until then, but also following our phylo-
genetic hypothesis, the Pi. auffenbergi plus Sh. pilgrimi
lineage could have reached the Indo-Tethys by the Oligo-
cene, remaining unrecorded until the next epoch. Another
possibility, not supported by the current phylogenetic
results, is that all Indian Ocean Stereogenyini are closely
related, representing a lineage that further diversified dur-
ing the Miocene, following an Oligocene dispersion from
the Mediterranean area.

A similar scenario can be drawn for the Caribbean
record of Stereogenyini, although the Mediterranean—
Atlantic connection was probably not closed for a signifi-
cant amount of time prior to the Messinian Salinity Crisis
(de la Vara er al. 2015). Given that our phylogenetic
hypothesis (Fig. 7) does not show ‘Ba.’ healeyorum close
to the Miocene Ba. spp. clade, these two taxa either
represent a double Oligocene dispersal event, with the Ba.
spp. lineage remaining unrecorded until the next epoch,
or Ba. spp. corresponds to a Miocene dispersal. Alterna-
tively, but equally not supported by the current phylo-
genetic results, the Atlantic Stereogenyini could be closely
related to one another, representing a lineage that diversi-
fied during the Miocene, following an Oligocene disper-
sion from the Mediterranean.

CONCLUSION

Syriemys lelunensis is the only definitive Stereogenyini tur-
tle reported from the Arabian Platform, with possible
occurrences in the Miocene of Oman and Saudi Arabia,
and in the Oligocene of Oman. Previously, the oldest
Stereogenyini were from the upper Eocene of Egypt,
therefore our discovery extends the origin of the group
by more than 10 myr, reinforcing its Mediterranean
ancestral geographical range. Several palaeobiogeographi-
cal scenarios can explain the distribution of the marine or
coastal Stereogenyini along the tropical seas of the north-
ern hemisphere during the Cenozoic, but our phylo-
genetic analysis, similar to that provided by Ferreira
et al. (2018a), precludes single dispersion events from the
Mediterranean area to the Atlantic and Indian oceans.
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