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Abstract: Until recently, the record of Mesozoic turtles in

Mexico has been restricted to the Cretaceous. New discover-

ies in the Sabinal Formation (Tlaxiaco, Oaxaca) have

extended the record into the Kimmeridgian (Late Jurassic).

The Sabinal Formation is part of the Tlaxiaco Basin, which

was a depocenter of continental and marine sediments

dominated by transgressive-regressive marine conditions

during the Jurassic–Cretaceous. The new turtle described

here consists of an almost complete carapace associated

with a plastron. Based on the unique combination of char-

acters, this turtle is identified as a new species of

Platychelyidae here named Notoemys tlaxiacoensis. Platy-

chelyid characters in this specimen include the presence of

the sulcus between vertebral 3 and 4 located on neural 6,

the presence of a central plastral fontanelle, and a pair of

reduced mesoplastra. The occurrence of Kimmeridgian

platychelyids in Mexico confirms that the Hispanic Corridor

acted as a connection between Tethyan and Palaeopacific

faunas.

Key words: turtle, Late Jurassic, Sabinal Formation, Platy-

chelyidae, Kimmeridgian, Notoemys.

PLATYCHELY IDAE is the sister clade of crown Pleurodira

and includes the oldest members of Pan-Pleurodira. Until

now, Platychelyidae has been represented by five species

belonging to two genera: Platychelys and Notoemys (de la

Fuente & Iturralde-Vinent 2001; Cadena & Gaffney 2005).

Platychelyids are known from Europe, South and North

America, and their fossil record spans from the Late

Jurassic to the Early Cretaceous (Cadena & Joyce 2015).

The first described member of the Platychelyidae was

Platychelys oberndorferi Wagner, 1853, now recognized in

the Upper Jurassic (Kimmeridgian–Tithonian) of Ger-

many and Switzerland (Karl & Tichy 2006). This was fol-

lowed by the first platychelyid to be found outside

Europe, Notoemys laticentralis Cattoi & Freiberg, 1961

(subsequently described by de la Fuente & Fernández

1989; Fernández & de la Fuente 1994; Lapparent de Broin

et al. 2007). The oldest known platychelyid is Notoemys

oxfordiensis, from the Upper Jurassic (Oxfordian) of Cuba

(originally described as Caribemys oxfordiensis by de la

Fuente & Iturralde-Vinent 2001). This species represents

also the first platychelyid found in North America (de la

Fuente & Iturralde-Vinent 2001). The Colombian

Notoemys zapatocaensis is the only platychelyid known

from the Lower Cretaceous (Valanginian) (Cadena &

Gaffney 2005).

Previous cladistic analyses have recovered N. laticen-

tralis as more closely related to Pleurodira than P. obern-

dorferi (Fern�andez & de la Fuente 1994), suggesting that

platychelids are paraphyletic. This arrangement of pan-

pleurodiran turtles was reinforced by the inclusion of the

Late Jurassic taxon from Cuba (de la Fuente & Iturralde-

Vinent 2001). With the subsequent discovery of Notoemys

zapatocaensis, Cadena & Gaffney (2005) recovered all the

mentioned species forming a monophyletic group in the

stem of Pleurodira, named Platychelyidae. This hypothesis

was followed by other authors (Cadena et al. 2013;

Cadena & Joyce 2015).

The fossil record of Mesozoic turtles from Mexico is

poorly known. Until recently, the only known record of

Mesozoic turtles has been restricted to the Cretaceous

(Reynoso 2006). However, recent discoveries have

extended the fossil record to the Late Jurassic (Kimmer-

idgian) (Alvarado-Ortega et al. 2014). In this paper, we

describe new material from the Sabinal Formation (Llano
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Yosob�e, Oaxaca, Mexico) and test its phylogenetic rela-

tionships.

GEOLOGICAL SETTING

The fossiliferous locality of Yosob�e is located 3.5 km

south-west of downtown Tlaxiaco, in the Mixteca region of

Oaxaca, southern Mexico (Fig. 1). This site presents expo-

sures almost 850 m long and 600 m wide, located in the

bottom of a small valley in the south-eastern elevations of

La Titana Hills. This valley is locally known as part of

‘Llano Yosob�e’, and is located at between the coordinates

17°15017.53.300N 97°4204.3300W and 17°14045.7100N
97°42020.2400W. The geological description of this site is

based on its northern part since primary sedimentary struc-

tures are partially obliterated by a fault in the southern

region. The fossiliferous sediments in the northern part of

Yosob�e are 60 m thick, at the base of which is a 30–40 cm

thick marl layer containing trigonids, other bivalves and

ammonites (Alvarado-Ortega et al. 2014; Barrientos-Lara

et al. 2015, Alvarado-Ortega & Brito, 2016).

During the Jurassic, the Tlaxiaco Basin was active,

receiving both continental and marine shelf sediments

(Rueda-Gaxiola et al. 2007). L�opez-Ticha (1985) named

the Sabinal Formation comprising a sequence of marine

bituminous shales exposed along the north-eastern of

Oaxaca State. A marine bituminous shale, informally

named the ‘Sabinal formation’ is exposed in the areas of

Tezoatl�an, Huajuapan de Le�on, Chalcatongo, Huamux-

titl�an and Tlaxiaco, into Oaxaca (Meneses-Rocha et al.

1994); as well as the marl-limestone strata described near

Petlalcingo, Puebla (P�erez-Ibarg€uengoitia et al. 1965).

Meneses-Rocha et al. (1994) described the ‘Sabinal forma-

tion’ as a sequence of mudstone and wackestone clay, marl

and dark grey to black bituminous shale strata with abundant

calcareous concretions and ammonites, arranged in thin

laminar layers of 5, 10 and 20 cm (Meneses-Rocha et al.

1994). L�opez-Ticha (1969) estimated the age of the Sabinal

formation based on its ammonite assemblage (see also Bur-

ckhardt 1930). The fossils of Yosob�e were collected primarily

from shale. Some of the fossils are preserved within nodules

and others occur at the contacts between shale layers. The

different types of preservation suggest different diagenetic

processes. All the fossils preserved in nodules, including

ostracodes and wood, are three-dimensional but most of the

vertebrates and invertebrates preserved between layers of

shale are severely flattened and commonly carbonized.

Ostracodes are not preserved outside the nodules. These

observations suggest that the nodules were formed relatively

quickly after burial. The nodules commonly contain com-

plete invertebrate carcasses, a process that seems to have

facilitated three-dimensional preservation.

Although the large vertebrates in Yosob�e are commonly

disarticulated, complete or partially complete skeletons

have been collected. The skeletal specimens are generally

preserved by an incomplete process of nodule-formation,

in which one or more adjacent nodules contains 3-D

structures, but around them, the shale strata include

strongly compressed structures of the same individual;

therefore, it is very uncommon to obtain complete skele-

tons, especially when the nodules have been displaced

from their original position, regardless the extent of the

displacement. Vertebrate remains are generally black and

relatively soft, but when weathered these can be white or

red and are usually harder (Alvarado-Ortega et al. 2014).

F IG . 1 . Map of Mexico and Oaxaca State, southern Mexico, showing the location of Yosob�e, where the new species described here,

Notoemys tlaxiacoensis, was found. Colour online.
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MATERIAL AND METHOD

The specimen described in this paper is deposited in the

Colecci�on Nacional de Paleontolog�ıa of the Museo Mar�ıa

del Carmen Perrilliat, Instituto de Geolog�ıa UNAM

(Universidad Nacional Aut�onoma de M�exico), in Mexico

City. The specimen consists of an almost complete cara-

pace and several articulated plates of the plastron.

In order to establish the phylogenetic relationships of

this specimen from Mexico, we added it to the dataset of

Sterli et al. (2015). The matrix was built up in Mesquite

(Maddison & Maddison 2011). Five new characters were

added to the dataset to account for the morphology

observed in the members of Platychelyidae. Four charac-

ters were modified from Cadena et al. (2013) and one

character is new (Vertebral Scute D) (see L�opez-Conde

et al. 2016, appendix S1). We also modified two characters

and omitted one character from Sterli et al. (2015) (see

L�opez-Conde et al. 2016, appendix S1). We also incorpo-

rated many of the changes suggested by Rabi et al. (2013,

2014), Zhou et al. (2014) and Zhou & Rabi (2015). A

detailed list of the changes is provided in L�opez-Conde

et al. (2016, appendix S1). Notoemys zapatocaensis and the

specimen from Mexico were added to this dataset; we re-

scored all the platychelyids. Some changes to previous

scorings can be found in L�opez-Conde et al. 2016, appen-

dix S1. The final dataset includes 100 taxa and 245 charac-

ters (L�opez-Conde et al. 2016, appendices S2, S3). The

phylogenetic analysis was performed in TNT program

(Goloboff et al. 2008). Two rounds of Tree Bisection

Reconnection (TBR) were run in order to find the most

parsimonious trees (MPTs). In the first round 1000 repli-

cates of Random Addition Sequences starting from a Wag-

ner tree were run. In the second round, all the most

parsimonious trees found in the first round were pertur-

bated using TBR to find all the MPTs. Consistency and

Retention indexes were calculated. Bremer support, Jack-

knife and Bootstrap resampling (with 1000 replicates)

were performed to calculate the branch support. If more

than one MPT was found, a strict consensus tree was cal-

culated. We ran two analyses, one without any constraints

and another with a molecular backbone constraint for the

extant taxa. Constraints were applied following Guillon

et al. (2012) (see L�opez-Conde et al. 2016, appendix S4).

To explore the nature of some polytomies on the strict

consensus tree, we ran iterPCR script written by Pol &

Escapa (2009). Later, a list of common synapomorphies to

all the MPTs was calculated.

Institutional abbreviations. IGM, Colecci�on Nacional de Paleon-

tolog�ıa ‘Mar�ıa del Carmen Perrillat’, Instituto de Geolog�ıa,

Universidad Nacional Aut�onoma de M�exico, Mexico City, Mex-

ico; MACN, Museo Argentino de Ciencias Naturales ‘Bernadino

Rivadavia’, Buenos Aires, Argentina; MGJRG IPN-EAC, Museo

Geol�ogico Nacional ‘Jos�e Royo y G�omez’, Instituto Colombiano

de Geolog�ıa y Miner�ıa-Ingeominas, Bogot�a, Colombia; MOZ,

Museo Olsacher, Zapala, Argentina; NMB, Naturhistorisches

Museum Basel, Basel, Switzerland; NMS, Naturmuseum

Solothurn, Switzerland; QM, Queensland Museum, Queensland,

Australia; USNM, United States National Museum (Smithsonian

Institution), Washington DC, USA.

SYSTEMATIC PALAEONTOLOGY

TESTUDINES Batsch, 1788

PAN-PLEURODIRA Joyce et al., 2004

PLATYCHELYIDAE Br€am, 1965

Genus NOTOEMYS Cattoi & Freiberg, 1961

Notoemys tlaxiacoensis sp. nov.

Figure 2

LSID. urn:lsid:zoobank.org:act:AF84A6BF-145A-43ED-A054-

0D15FB712729

Derivation of name. The specific name refers to the city where

this turtle was found (Tlaxiaco, Oaxaca, Mexico).

Holotype. IGM-4861; partially preserved shell, including both

the partial carapace (Fig. 2A, B) and plastron (Fig. 2C, D).

Diagnosis. Notoemys tlaxiacoensis is a member of the

Platychelyidae based on the sulcus between vertebral 3

and 4 located on neural 6 (character 143); central plastral

fontanelle present (character 147) and a pair of reduced

mesoplastra (character 162). It is a member of the genus

Notoemys because they share the presence of two

suprapygals (character 138) and the presence of the sul-

cus between vertebral 4 and 5 located on the suprapygal

1 (character 144). Notoemys tlaxiacoensis has the unique

combination of the following characters that differentiate

it from the other representatives of Platychelyidae: pres-

ence of a crest in the anteromedial part of vertebral scales

3 and 4 (absent in N. laticentralis, N. zapatocaensis and

P. oberndorferi); neural 3 hexagonal (being slightly octag-

onal in N. laticentralis and N. zapatocaensis and rectangu-

lar in P. oberndorferi and N. oxfordiensis); neural 4

hexagonal (being rectangular in P. oberndorferi, N. lati-

centralis, N. zapatocaensis and N. oxfordiensis); neural 6

hexagonal (being octagonal in P. oberndorferi, rectangular

in N. laticentralis and irregular in N. zapatocaensis and

N. oxfordiensis); suprapygal 1 contacting posterolaterally

the corner of peripheral 11 and also laterally the costal 8

(while in others representatives of platychelyids it only

contacts the costal 8); peripheral 10 contacts only costal

7 and the limit 7–8, (in the platychelyids it also contacts

costal 8); sulcus between pleural 4 and vertebral 5 is

L �OPEZ-CONDE ET AL . : PLATYCHELY ID TURTLE FROM MEXICO 3



located on peripheral 11 (in others platychelyids it is on

the costal 8); mesoplastron much wider than long.

Ocurrence. Llano Yosob�e (17°15017.53.3″N 97°4204.33″W and

17°14045.71″N–97°42020.24″W), Yosob�e site near Tlaxiaco town,

Oaxaca State, Mexico (Fig. 1). Shale layer (Kimmerridgian in

age) belonging to the Sabinal Formation.

DESCRIPTION

The specimen IGM-4861 consists of an almost complete

shell, lacking all the rim of the carapace (Fig. 2A, B)

and several plates from the plastron (Fig. 2C, D). In

addition, there is postcranial material identified as

F IG . 2 . Notoemys tlaxiacoensis sp. nov. A, dorsal view of the carapace. B, drawing of the dorsal view of the carapace; arrows indicate

the protuberance or crest in the vertebral scutes 3 and 4. C, ventral view of the plastron. D, drawing of the ventral view of the plas-

tron. Abbreviations: AN, anal scute; AB, abdominal scute; c, costal; co, coracoid; FE, femoral scute; hyo, hyoplastron; hyp, hypoplas-

tron; il, ilium; meso, mesoplastron; n, neural; p, peripheral; PE, pectoral scute; PL, pleural scute; sc, scapula; sp, suprapygal; V,

vertebral scute; ul, ulna; xi, xiphiplastron. Thin lines, sutures; thick lines, scutes; dashed lines, broken borders; grey areas: sediment.

Scale bar represents 5 cm. Colour online.
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probable coracoid, ulna, ilium and scapula (Fig. 2B);

the nature of their preservation prevents any further

description.

Carapace bones

The preserved bony plates of the carapace are: the second (par-

tial) to eighth neurals, suprapygal 1 and 2 (partial), eight pairs

of costals (not all complete) and some peripherals (which distal

ends are not known) (Fig. 2A, B).

Neurals. There are seven neurals preserved in Notoemys tlaxia-

coensis; the first neural is missing. In general, the neurals are

hexagonal. A fragment of the posterior part of neural 2 is pre-

served, whose margins diverge anteriorly. Laterally it contacts with

the second costal (as in other members of Platychelyidae). The

neural 3 is hexagonal in shape, longer than wide. It contacts later-

ally the third costal, anterolaterally has a short contact with the

second costal and anteroposteriorly with the fourth costal. The

shape of this neural is rectangular in N. oxfordiensis and octagonal

in N. laticentralis and N. zapatocaensis. In P. oberndorferi the

shape of this neural is variable, it is rectangular and longer than

wide in specimens NMS 8685, 8686, and 8692, while it is hexago-

nal in NMB 596 and irregular in NMS 8691. The neural 4 is

hexagonal in shape, longer than wide. Its anterior side is rounded

and, laterally it contacts only the fourth costal (as in Platychelyi-

dae). This neural is rectangular in P. oberndorferi, N. laticentralis,

N. zapatocaensis and N. oxfordiensis. The neural 5 is hexagonal in

shape, almost as long as wide. It is similar in shape to N. oxfordi-

ensis, N. laticentralis and N. zapatocaensis. On the contrary in

P. oberndorferi this neural is rectangular. Neural 5 in N. tlaxia-

coensis laterally contacts the fourth and fifth costals (as in Platy-

chelyidae). The neural 6 is hexagonal in shape, wider than long,

while in P. oberndorferi it is octagonal, in N. laticentralis it is rect-

angular, and in N. zapatocaensis and N. oxfordiensisis irregular. In

N. tlaxiacoensis neural 6 contacts laterally the fifth and sixth cost-

als (as in other members of Platychelyidae). The neural 7 is hexag-

onal in shape (as in Platychelyidae) being wider than long;

laterally it contacts the sixth and seventh costals. This arrangement

is similar to N. laticentralis and N. zapatocaensis since in P. obern-

dorferi it contacts only the seventh costal. The neural 8 is hexago-

nal in shape, being wider than long. It has the same shape in

P. oberndorferi and N. laticentralis, while in N. zapatocaensis it is

irregular. Neural 8 contacts posteriorly the first suprapygal and

laterally contacts the seventh and eighth costals as in P. oberndor-

feri, N. laticentralis and N. zapatocaensis.

Suprapygals. Suprapygal 1 is rectangular in shape and longer

than wide. It is similar in shape to P. oberndorferi and N. zapa-

tocaensis, whereas that of N. laticentralis is trapezoidal in shape.

It contacts posteriorly the corner of the eleventh peripheral on

the left side and laterally the eighth costal. Only the anterior part

of suprapygal 2 is preserved and the lateral margins are posteri-

orly divergent.

Costals. Eight sets of costals are preserved, they are complete in

the left side, but not on the right side.

Peripherals. The anteriormost peripherals and also the distal

area of all of the preserved peripherals are missing. On the right

side, the presence of the peripheral 2 and peripherals 7–11 are

recognized, while on the left side, partial peripherals 4–11 are

recognized. The only preserved contact of peripheral 2 is with

costal 1. No limits of peripheral 4 are known and its only clear

contact is with costal 2. The preserved contact of peripheral 5 is

with the costal 3. Peripheral 6 contacts costals 3 and 4. Periph-

eral 7 contacts costals 4 and 5. Peripheral 8 contacts costals 5

and 6. Peripheral 9 contacts costals 6 and 7. In Notoemys tlaxia-

coensis peripheral 10 contacts only costal 7, reaching the bound-

ary between costals 7 and 8; in other representatives of

Platychelyidae peripheral 10 also has an extensive contact with

costal 8. The preserved contacts of peripheral 11 are anteriorly

with costal 8 and medially with suprapygal 2.

Carapace scutes

Vertebral scutes. Five vertebral scutes are preserved in N. tlaxa-

coensis, some of them are partial. The second, third and fourth

vertebral scutes are similar in shape to those of N. laticentralis

(hexagonal) but they are wider than long. The anteromedial part

of each vertebral scute has a protuberance or ‘crest’ (Fig. 2B)

being different to the vertebral scutes observed in P. oberndorferi,

N. laticentralis and N. zapatocaensis.

The anteromedial part of the vertebral 1 has not been pre-

served. The remaining part of the scute is rectangular in shape,

being wider than long. Its lateral borders are convex as in

P. oberndorferi, N. laticentralis and N. zapatocaensis. This verte-

bral partially covers the first costal and probably part of the

nuchal and neural 1. The sulcus between the first and second ver-

tebral is on the first costal. Vertebral 1 contacts laterally the first

pleural. The anteromedial part of vertebral 2 has not been pre-

served. This vertebral is hexagonal in shape, wider than long. The

shape of this scute is similar to that of N. laticentralis and N. za-

patocaensis but differs from that of P. oberndorferi, which is rect-

angular in shape. The sulcus between second and third vertebrals

is on the third neural and third costals. This scute covers the sec-

ond neural, the anterior half part of the third neural and the

proximal region of the first, second and third costals. It contacts

laterally with the first and second pleurals. Vertebral 3 lacks a

segment of the right anterior margin. It is hexagonal in shape,

being wider than long. The shape of this scute is similar to that

of N. laticentralis, while in P. oberndorferi and N. zapatocaensis it

is rectangular in shape. This scute covers the posterior half of the

third neural, the complete fourth and fifth neurals and the most

anterior part of the sixth neural, in addition to the posteromedial

region of the third, fourth, fifth and the most anterior region of

sixth costals. The sulcus between third and fourth vertebrals is on

the sixth neural, as in P. oberndorferi, N. laticentralis and N. zap-

atocaensis, and is considered to be a plesiomorphic character in

Testudines. This state of the character is also observed in taxa as

Condorchelys antiqua (Sterli 2008) and Kayentachelys aprix (Gaff-

ney et al. 1987). In other turtles of the Late Jurassic, such as

Glyptops plicatulus (Gaffney 1979), Dinochelys whitei (Gaffney

1979), Plesiochelys etalloni (Anquetin et al. 2014) and other mem-

bers of the Plesiochelyidae (Anquetin et al. 2014) and
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Pleurosternidae (Gaffney 1979), this sulcus is on the fifth neural.

Vertebral 4 is hexagonal in shape and wider than long. The shape

of this scute is similar to that of N. zapatocaensis, P. oberndorferi

and N. laticentralis. The sulcus between fourth and fifth verte-

brals is on first suprapygal, eighth costal and peripheral 11. This

scute covers the most posterior part of the sixth neural and the

complete seventh and eighth neurals, the anterior part of the first

suprapygal, the medial area of the sixth, seventh and eighth cost-

als, and small parts of the tenth and eleventh peripherals. Later-

ally, it contacts the third and fourth pleurals. Only the most

anterior part of vertebral 5 is preserved, so its shape cannot be

determined. This scute covers the posterior part of the first

suprapygal, at least a part of the second suprapygal, most of the

eighth costal and the anterolateral region of the eleventh periph-

eral. It contacts the fourth pleural laterally.

Pleural scutes. Four pleural scutes are visible on both sides of the

carapace. They may be similar in shape to those of other members

of Platychelyidae (i.e. first, second and third are pentagonal and

the fourth is rectangular). The first pleural covers the distal part of

the first and second costals. The sulcus between first and second

pleurals is on the second costal. The second pleural covers the dis-

tal part of the second, third and fourth costals. The sulcus between

second and third pleurals is on the fourth costal. The third pleural

covers the distal part of the fourth, fifth and sixth costals and it

seems seventh and eighth peripherals and the proximal part of the

ninth. The sulcus between the third and fourth pleurals is on sixth

costal. The fourth pleural covers the distal part of the sixth and

seventh costals and also the ninth, tenth and part of the eleventh

peripherals. The sulcus between the fourth and fifth pleurals is on

the eleventh peripheral.

Plastral bones

Parts of the left hyoplastron, left mesoplastron, both

hypoplastra and both xiphiplastra are present (Fig. 2C,

D). Unfortunately, the anterior lobe is not preserved.

Hyoplastron. This contacts both the mesoplastron and the

hypoplastron posteriorly.

Mesoplastron. This is triangular in shape, wider than long. In

proportion, the mesoplastron of N. tlaxiacoensis is bigger than

in other members of Platychelyidae. It contacts anteriorly the

hyoplastron and posteriorly the hypoplastron. It lacks a midline

contact with its counterpart.

Hypoplastron. The shape of the hypoplastron is similar to that

of P. oberndorferi, N. laticentralis and N. oxfordiensis, but is pro-

portionally bigger. The inguinal area is larger and more pro-

nounced in relation to the right edge of the xiphiplastron. In

Platychelyidae this area is narrower and less pronounced. The

opening of the inguinal area is larger with some resemblance to

that presented in N. laticentralis, P. oberndorferi and N. oxfordi-

ensis. The arrangement of this area in N. zapatocaensis cannot be

determined because it is broken.

Xiphiplastron. The suture of the xiphiplastron with the

hypoplastron is close to the inguinal buttress, being very similar

to that seen in N. oxfordiensis. This suture in P. oberndorferi,

N. zapatocaensis and N. laticentralis is placed more distantly

from the inguinal buttress. The posterior part of the xiphiplas-

tron is not preserved.

Fontanelle. A central fontanelle is present in N. tlaxiacoensis and

extends from the posteromedial part of the hyoplastron to the

anteromedial portion of the hypoplastron. A fontanelle is also

present in P. oberndorferi and N. oxfordiensis.

Plastral scutes

Pectoral. The pectoral scute lacks the anterior, medial and lateral

parts. The sulcus between the pectoral and abdominal scutes is

located on the posterior part of the hyoplastron and on the

anterior part of the mesoplastron like in most members of Platy-

chelyidae, except in N. zapatocaensis where this sulcus does not

cross the mesoplastron. In contrast to N. zapatocaensis, this sul-

cus is slightly concave, as seen in P. oberndorferi, N. oxfordiensis

and N. laticentralis.

Abdominal. The lateral margin of this scute cannot be recog-

nized. The abdominal in N. tlaxiacoensis is wider than long. The

bridge portion is similar to that of N. oxfordiensis, but it is more

robust and longer than in P. oberndorferi, N. laticentralis and

N. zapatocaensis. The sulcus between the abdominal and femoral

scutes is located where the inguinal buttress starts and close of

the suture of the hypoplastron with the xiphiplastron. This scute

covers almost all the mesoplastron with the exception of its

anterior area, and covers almost all the hypoplastron with the

exception of its posterior area. It contacts the pectoral anteriorly

and the femoral posteriorly.

Femoral. This is narrower and longer than in other members of

Platychelyidae.

Anal. As only the anterolateral part of the anal scute is pre-

served, no further description of this element can be made.

PHYLOGENETIC ANALYSIS

Two phylogenetic analyses were performed: one uncon-

strained and the other using molecular constraints. We

used the unconstrained analysis to perform all the subse-

quent analyses because the trees that we obtained were

optimal and for the clade we are interested in this study,

both analyses resulted in identical results.

Unconstrained phylogenetic analysis

A total of 4800 most parsimonious trees of 893 steps were

found after two rounds of TBR in TNT program (L�opez-
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Conde et al. 2016, appendix S5). The consistency and

retention indexes were 0.345 and 0.772, respectively. A

strict consensus was calculated (L�opez-Conde et al. 2016,

appendix S6). Notoemys tlaxiacoensis was recovered inside

the clade Notoemys. Platychelys oberndorferi is the sister

group of Notoemys. An abbreviated strict consensus tree

is shown in Figure 3.

The clade Platychelyidae is supported by nine synapo-

morphies present in all the trees and has a Bremer sup-

port value of 4. These characters are: carapace pentagonal

in shape with a straight anterior margin and posterior

margin tapering medially (character 126, Carapace F; not

known for N. tlaxiacoensis); neurals irregular in shape,

wider than long (character 131, Neural B); sulcus between

vertebral 3 and 4 located on neural 6 (character 143, Ver-

tebral C); central plastral fontanelle present (character

147, Plastron B); a pair of reduced mesoplastra (character

162, Mesoplastron A); extragulars reaching the entoplas-

tron (character 173, Extragular D; not known for N. tlax-

iacoensis); articulation tubercle on the anterior face of the

first thoracic rib (character 205, Dorsal rib D; not known

for N. tlaxiacoensis); thoracic vertebrae smooth and flat

ventrally, hexagonal in shape (character 207, Dorsal verte-

bra B; not known for N. tlaxiacoensis); and costovertebral

tunnel wide all along the entire length of the thoracic ver-

tebrae (character 208, Dorsal vertebrae C; not known for

N. tlaxiacoensis). A list of common synapomorphies for

all the clades and taxa is provided in L�opez-Conde et al.

(2016, appendix S7).

The clade Notoemys has a Bremer support value of 2.

When all the species of Notoemys are included in the

cladistic analysis, there are no synapomorphies common

to all the trees, but there are four synapomorphies com-

mon to some trees. These characters are: absence of

musk ducts (character 133); presence of two suprapygals

(character 138); sulcus between vertebrals 4 and 5

located on suprapygal 1 (character 144); and inguinal

buttress not contacting the costals (character 163). The

lack of synapomorphies common to all trees is due to

the incomplete nature of two species, N. oxfordiensis and

N. tlaxiacoensis. Characters 133 (absence of musk ducts)

and 163 (inguinal buttress contacting peripherals only)

are potential synapomorphies for the Notoemys clade

because they have an ambiguous optimization due to

the unknown condition for N. tlaxiacoensis (L�opez-

Conde et al. 2016, appendix S8). The coding of those

characters for N. tlaxiacoensis will determine whether

these characters are synapomorphies for Notoemys or

synapomorphies of a more exclusive clade. The same

happens with characters 138 and 144. They are potential

synapomorphies for Notoemys clade because they have

an ambiguous optimization due to the unknown

condition in N. oxfordiensis (L�opez-Conde et al. 2016,

appendix S8).

To explore the behaviour of N. oxfordiensis and

N. tlaxiacoensis in the cladistic analysis and their impact

in the recovery of synapomorphies in the clade Notoemys,

we ran different analyses excluding one or both species at

a time. If N. oxfordiensis and N. tlaxiacoensis are excluded

from the analysis, 4800 MPTs of 891 steps are recovered

and the clade Notoemys is supported by four synapomor-

phies (characters 133, 138, 144 and 163; Fig. 3B). When

only N. tlaxiacoensis is excluded from the analysis,

4800 MPTs of 893 steps are recovered and synapomor-

phic characters 133 and 163 support the clade Notoemys

(Fig. 3C). On the other hand, when only N. oxfordiensis

is excluded from the analysis, 4800 MPTs of 891 steps are

recovered and synapomorphic characters 138 and 143

support the clade Notoemys (Fig. 3D). As we stated above

the behaviour of these taxa in the phylogenetic analysis is

due to the nature of the specimens where some characters

cannot be codified. The script iterPCR of Pol & Escapa

(2009) (L�opez-Conde et al. 2016, appendix S9) suggests

that characters 138 and 144 might help to solve the phy-

logenetic position of N. oxfordiensis, while characters 133,

163 and 164 might help to solve the position of N. tlaxia-

coensis.

The phylogenetic relationships within Notoemys cannot

be assessed because no discrete and informative characters

were found to be included in a cladistic context. The

inclusion of geometric morphometric data in the future

may help to solve their interrelationships.

Molecularly constrained phylogenetic analysis

The constrained analysis resulted in 10 000 trees (maxi-

mum number of trees set in memory) of 916 steps

(L�opez-Conde et al. 2016, appendix S10), 23 steps longer

than the most parsimonious trees found in the uncon-

strained analysis. A strict consensus was calculated

(L�opez-Conde et al. 2016, appendix S11). The main dif-

ferences between these trees and the unconstrained trees

pertain to the relationships among extant taxa, an unsur-

prising outcome. The clades of interest for this work (e.g.

Platychelyidae, Notoemys) are recovered in the same posi-

tion, composed by the same taxa, and supported by the

same characters. A list of common synapomorphies is

provided in L�opez-Conde et al. (2016, appendix S12).

DISCUSSION

Comparisons with previous cladistic analyses

The first cladistic analysis to recover Notoemys as the

sister clade to Platychelys was carried out by Cadena &

Gaffney (2005). Since then, these two genera have been
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considered to be a monophyletic group named Platy-

chelyidae. In different cladistic analyses, Platychelyidae

has been diagnosed by disparate characters. The cladistic

analysis presented here includes a broader taxonomic

sampling than previous studies, thus testing the mono-

phyly of Platychelyidae on a broader scale. There are
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some characters that have been identified as synapomor-

phies in previous analyses. These characters are: central

plastral fontanelle (Cadena & Joyce 2015); anterior tuber-

cle on first thoracic rib (Cadena & Gaffney 2005, charac-

ter 12; Cadena et al. 2013, character 66; Cadena & Joyce

2015); wide costovertebral tunnel (Cadena & Gaffney

2005, character 13; Cadena et al. 2013; Cadena & Joyce

2015); thoracic vertebrae flat in ventral view (Cadena &

Gaffney 2005, character 14; Cadena et al. 2013, character

67; Cadena & Joyce 2015); and carapace with posterior

sides tapering medially (Cadena & Gaffney 2005, charac-

ter 6; Cadena et al. 2013, character 65). Other characters

are equivocal. The character ‘straight anterior carapace

margin’ (Cadena & Gaffney 2005, character 5; Cadena &

Joyce 2015) is included in the present analysis in the defi-

nition of the character about the shape of the carapace

(character 126, Carapace F); consequently, it has been

recovered as a synapomorphy of Platychelyidae. The char-

acter ‘first thoracic rib nearly as long as second thoracic

rib’ of Cadena & Gaffney (2005) is included in this analy-

sis in the character Dorsal rib A. The character ‘carapace

with dorsal protuberances located on the posterior region

of the pleural and vertebral scales’ (Cadena et al. 2013)

has not been included in the present analysis because the

carapace of several members of the clade does not show

those protuberances. For instance the carapace is smooth

in the holotype (MACN-PV 18043) and referred speci-

mens (MOZ-PV 2487 and 4040) of N. laticentralis, and it

is unknown for both N. oxfordiensis and N. tlaxiacoensis.

The character ‘second neural smaller than the remaining

neural series’ (Cadena et al. 2013) is present in P. obern-

dorferi, in N. laticentralis, and could be present in N. ox-

fordiensis. However this is not the case for specimen

MGJRG IPN 15-EAC 150620061, N. zapatocaensis. In

N. tlaxiacoensis this character is unknown. Cadena &

Gaffney (2005) proposed that the character ‘thoracic ribs

9, 10 and 11 forming sacrum and attaching to ilium’

characterizes Platychelyidae. However, based on the speci-

mens of platychelyids listed in L�opez-Conde et al. 2016,

appendix S1), our interpretation is that thoracic ribs 9

and 10 are sutured to the ilium and what Cadena & Gaff-

ney (2005) identified as thoracic rib 11 is the first sacral

rib (sutured with sacral vertebra 1) and the sacral 1 is the

sacral rib 2. In N. laticentralis thoracic ribs 9 and 10 con-

tact the ilium, as sacral ribs 1 and 2 (Fern�andez & de la

Fuente 1994). In P. oberndorferi thoracic ribs 9 and 10

also contact the ilium, but among the available speci-

mens, only one (NMB 596) preserves sacral rib and sacral

vertebra 1. This character is not known for N. tlaxiacoen-

sis and N. oxfordiensis. The character ‘neural alternating

in size’ (Cadena & Gaffney 2005) was incorporated in the

character ‘irregular, alternating in shape’ of Cadena &

Joyce (2015; E. A. Cadena pers. comm. 2016) and this

character is included in the present matrix as well (char-

acter 131). The characters ‘first thoracic central articula-

tion concave, wider than high’ (Cadena & Gaffney 2005,

p. 11) and ‘tall first thoracic central articulation’ (Cadena

& Joyce 2015) represent the same character which was

not included because it is highly variable in our matrix

and usually not reported for extinct taxa.

As for the clade Platychelyidae, there have been several

characters proposed as synapomorphies for the clade

Notoemys. The character ‘neurals wider than long’

(Cadena & Joyce 2015) has been recovered here as

synapomorphy of the clade Platychelyidae and not of

Notoemys (see L�opez-Conde et al. 2016, appendix S7). In

the phylogenetic context of this paper, several characters

previously considered as synapomorphies of Notoemys are

actually autapomorphies for P. oberndorferi (see L�opez-

Conde et al. 2016, appendix S7). These characters are:

extension of iliac scar in the costals, suprapygal and

peripherals (Cadena et al. 2013, character 82; Cadena &

Joyce 2015) and supramarginal scales not continuous

(Cadena & Gaffney 2005, character 2; Cadena et al. 2013,

character 64). The character ‘smooth and relatively flatter

shell with lower dorsal protuberances lacking radial stria-

tion’ (Cadena & Gaffney 2005; Cadena et al. 2013) is also

a symplesiomorphy for Pan-Pleurodira. The character

‘neural 3 in posterolateral contact with costal 4’ (Cadena

et al. 2013, character 62) has been obtained as a synapo-

morphy of Notoemys clade, however specimens NMS

8685 and 8686 of P. oberndorferi show that this contact is

present in this species too. Two characters that could be

useful to differentiate P. oberndorferi and Notoemys clade

are: the shape of cervical scale (Cadena & Gaffney 2005;

Cadena et al. 2013, character 61) and the size of the space

between the first and the second thoracic ribs (Cadena

et al. 2013). Both characters are difficult to score because

of continue morphological variation among the taxa. The

second character is only known for N. laticentralis and

N. zapatocaensis. Another character proposed as a synapo-

morphy of Notoemys is the larger size of suprapygal 1

F IG . 3 . Simplified strict consensus tree obtained in this study. A, simplified strict consensus trees calibrated in time showing the rela-

tionships within Platychelyidae. B, phylogenetic relationships within Platychelyidae considering only two species of Notoemys, N. laticen-

tralis and N. zapatocaensis; when N. tlaxiacoensis and N. oxfordiensis are excluded from the analysis, the node Notoemys is supported by

four synapomorphies (characters 133, 138, 144, 163). C, phylogenetic analysis excluding N. tlaxiacoensis; when this taxon is excluded,

the clade Notoemys is supported by two unambiguous synapomorphies (characters 133 and 163) and two ambiguous ones (characters

138 and 144). D, phylogenetic analysis excluding N. oxfordiensis; when this taxon is excluded, the clade Notoemys is supported by two

unambiguous synapomorphies (characters 138 and 144) and two ambiguous ones (characters 133 and 163). Colour online.
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(Cadena & Gaffney 2005, character 8; Cadena et al. 2013,

p. 69). This character is problematic at the moment and

the revision of P. oberndorferi (P. Sullivan & W. Joyce,

pers. comm. 2016) will help to elucidate the form of the

pygal and suprapygal regions in this taxon.

The analysis of de la Fuente & Iturralde-Vinent (2001)

did not recover P. oberndorferi, N. oxfordiensis and N. lati-

centralis as a monophyletic group, but as successive out-

groups of Pan-Pleurodira. The clade formed by

N. oxfordiensis, N. laticentralis and Pleurodira was sup-

ported by two characters (iliac scar not reaching the

peripherals and supramarginals absent). In the present

analysis, both characters (iliac scar reaching the peripherals

and supramarginals present) are recovered as autapomor-

phies of P. oberndorferi (see L�opez-Conde et al. 2016,

appendix S7). Moreover, de la Fuente & Iturralde-Vinent

(2001) recovered N. laticentralis as the sister group of

Pleurodira based on the following characters: quadrate

with ventral process extending medially to contact

braincase below cranioquadrate space (character 3),

hyomandibular branch of facial nerve lies within its own

canal (character 4), iliac scar ovaloid (character 12), sacral

rib reduced (character 13) and posterior entoplastral pro-

cess reduced (character 26). Characters 3, 4 and 26 are

included in the present cladistic analysis as characters

Quadrate A (character 49), Hyomandibular nerve A (char-

acter 88) and Entoplastron B (character 152), respectively.

Characters 49 and 88 are only known for the extant species

of Pleurodira and character 49 is also known for N. lati-

centralis (the only platychelyid with a preserved skull).

Character 152 is scored as reduced for all the members of

platychelyid and Pleurodira in this analysis. The common

mapping of these characters here shows that characters 49

and 152 are symplesiomorphies for Pan-Pleurodira and

that character 88 is ambiguous for Platychelyidae because

it is unknown for all the members of the clade (L�opez-

Conde et al. 2016, appendix S13). Character 12 (shape of

iliac scar) of de la Fuente & Iturralde-Vinent (2001) was

not included in the present analysis as explained above.

Character 13 (size of sacral rib) has not been incorporated

in this analysis but, as discussed above, the morphology of

the sacral region in P. oberndorferi, N. zapatocaensis and

N. laticentralis is similar. In extant pleurodires in general,

thoracic ribs 9 and 10 contact the ilium (e.g. Chelus fim-

briatus, USNM 117455) while in Elseya dentata (QM J

59279) only thoracic rib 10 contacts the ilium. In extant

pleurodires it is common that the sacral ribs are reduced

and in some cases they do not contact the ilium. This

character needs further exploration. Consequently, the

characters proposed by de la Fuente & Iturralde-Vinent

(2001) as synapomorphies of N. laticentralis and Pleu-

rodira are considered here to be simplesiomorphies of

Pan-Pleurodira or Platychelyidae or their optimization is

ambiguous in this phylogenetic context.

Time calibrated tree

Although the interrelationships among the different spe-

cies of Notoemys are not resolved by this cladistic analysis,

temporal calibration of the phylogeny shows that the

divergence between Platychelys and Notoemys clades must

have occurred at least by the end of the Middle Jurassic

(Fig. 3A). This minimum age is provided by the oldest

member of the clade, N. oxfordiensis, from the Oxfordian

of Cuba. The location of P. oberndorferi (Kimmeridgian–
Tithonian of Europe) as the sister group of Notoemys,

generates a ghost lineage leading to P. oberndorferi, at

least, from the Oxfordian to the Kimmeridgian

(11.4 Ma). The lack of resolution within Notoemys pro-

duces several ghost lineages within the clade, all from the

end of the Middle Jurassic (Callovian) to the Kimmerid-

gian (c. 7 Ma) for N. tlaxiacoensis, to the Tithonian (c.

12 Ma) for N. laticentralis and to the Valanginian (c.

24 Ma) for N. zapatocaensis. New discoveries and/or the

addition of more characters to the cladistic analysis might

allow us to better adjust the phylogeny of stem-Pleurodira

to the stratigraphic record. Previous to the discovery of

N. tlaxiacoensis, the genus Notoemys was known from two

(Oxfordian and Tithonian) of the three stages of the

Upper Jurassic and from the Valanginian (Lower Creta-

ceous). That fossil record shows two gaps, one in the

Kimmeridgian (Upper Jurassic) and another in the Berri-

asian (Lower Cretaceous). The new record from Mexico,

N. tlaxiacoensis, fills the gap in the Jurassic and represents

the first record from the western Caribbean.

Palaeogeography of the Caribbean and the connection of

Europe, the Caribbean and western South America

As mentioned in the introduction, platychelyid turtles

have been found in the Oxfordian of Cuba (N. oxfordien-

sis) (Fig. 4A), in the Kimmeridgian of Mexico (N. tlaxia-

coensis) (Fig. 4B), in the Kimmeridgian–Tithonian of

Europe (P. oberndorferi), in the Tithonian of western

Argentina (N. laticentralis) (Fig 4C) and in the Valangi-

nian of Colombia (N. zapatocaensis) (Fig. 4D). This dis-

tribution of closely related taxa in the Jurassic of Europe,

the Caribbean and western South America has been also

observed in several groups of invertebrates (e.g. pele-

cipods, ammonites, brachiopods, ostracods) and verte-

brates (e.g. crocodiliforms, plesiosauroids, ichtyosaurians,

pliosauroids) (Gasparini 1978, 1992; Hillebrandt 1981;

Westermann 1981, 1992; Imlay 1984; Bartok et al. 1985;

Sandoval & Westermann 1986; Hillebrandt et al. 1992;

Gasparini & Fern�andez 1996; Damborenea 2000; Aberhan

2001). The link between the Tethys and the Pacific Ocean

started in the Early Jurassic when Pangea began to break

up, separating the northern landmass (Laurasia) from the
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southern landmass (Gondwana). The connection incipi-

ently started in the Bathonian (or even earlier in the Het-

tangian or Pleinsbachian following Smith 1982), but it

was in the Oxfordian when this connection and the Cir-

cumtropical Current were established (Frakes et al. 1992;

Parrish 1992; Iturralde-Vinent 2003). The presence of a

similar fauna in the Tethys, Caribbean and western South

America led Smith (1982) to propose the presence of the

‘Hispanic Corridor’ along the Caribbean, communicating

both oceans. This ‘Hispanic Corridor’ was well established

in the Oxfordian; before then it was more of a filter than

an actual corridor (Iturralde-Vinent 2004–2005).

CONCLUSIONS

The fossil record of turtles in Mexico is poorly studied.

Here we describe the oldest turtle from Mexico found

near Tlaxiaco (Oaxaca) in outcrops of the Sabinal Forma-

tion (Kimmeridgian). Our new cladistic analysis shows

that the oldest turtle from Mexico belongs to the clade

Platychelyidae, and more specifically to the genus Notoe-

mys. Furthermore, the unique combination of characters

shown by the only known specimen allows us to recog-

nize it as a new species of Notoemys, here named N. tlaxi-

acoensis. Currently, the greatest diversity of Platychelyidae

A B

C

D

F IG . 4 . Distribution of Platychelyidae during the Late Jurassic and Early Cretaceous. A, Notoemys oxfordiensis (based on Iturralde-

Vinent 2004–2005). B, Notoemys tlaxiacoensis and Platychelys obendorferi (based on Golonka & Krobicki 2001). C, Notoemys laticentralis

and Platychelys obendorferi (based on Cadena & Joyce 2015). D, Notoemys zapatocaensis (based on Iturralde-Vinent 2004–2005). Colour
online.
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is found in the Americas, while only Platychelys oberndor-

feri has been identified in Europe. The fossil record of

platychelyids on both continents during the Late Jurassic

and Early Cretaceous reinforces the proposed connection

between the Tethys and the Palaeopacific through the

Hispanic Corridor.

Acknowledgements. We would like to thank P. Sullivan (Macalester

College) and W. Joyce (University of Fribourg) who kindly shared

with us observations, photos and drawings of P. oberndorferi cur-

rently under study. We are also thankful to D. Fastovsky (Univer-

sity of Rhode Island) for reviewing the English grammar of the

original manuscript. We are deeply indebted to the local people of

Tlaxiaco, who made field work possible. Special thanks go to Dra

Marisol Montellano Ballesteros, M.C. Ren�e Hernandez Rivera, Ger-

ardo �Alvarez Reyes and Mar�ıa Guadalupe Conde Gutierrez for

their support. We thank the editors R. Benson and S. Thomas, and

the reviewers W. Joyce and A. P�erez-Garc�ıa for help in improving

this manuscript. This research was supported by the projects

PAPIIT IN106011 and IN 207314, CONACyT scholarship 545282,

and TNT program is sponsored by the Willi Hennig Society.

DATA ARCHIVING STATEMENT

The following data files for this study are available in the Dryad Dig-

ital Repository (http://dx.doi.org/10.5061/dryad.508g5):

Appendix S1. Changes to Sterli et al. (2015)’s data set.

Appendix S2. Phylogenetic data set in Nexus format.

Appendix S3. Phylogenetic data set in TNT format.

Appendix S4. Constraints used in the constrained analysis.

Appendix S5. Unconstrained analysis: Most parsimonious trees in

CTF format.

Appendix S6. Unconstrained analysis: Strict consensus tree.

Appendix S7. Unconstrained analysis: List of synapomorphies com-

mon to the three MPTs.

Appendix S8. Common mapping of characters 133, 138, 144 and 163.

Appendix S9. Results of iterPCR script.

Appendix S10. Constrained analysis: most parsimonious trees in CTF

format.

Appendix S11. Constrained analysis: strict consensus tree.

Appendix S12. Constrained analysis: list of synapomorphies common

to all the trees.

Appendix S13. Common mapping of characters 49, 88 and 152.

This published work and the nomenclatural act it contains, have

been registered in ZooBank: http://zoobank.org/References/DBB99

A4F-AF62-4735-96DC-977802BA2969.

Editor. Roger Benson

REFERENCES

ABERHAN, M. 2001. Bivalve paleogeography and the

Hispanic corridor: time of opening and effectiveness of a

proto-Atlantic seaway. Palaeogeography, Palaeoclimatology,

Palaeoecology, 165, 375–394.
ALVARADO-ORTEGA, J. and BRITO, P. M. 2016. A

Jurassic pleuropholid fish (Teleostei, Pleuropholidae) in the

Tethys Sea domain of North America. Journal of Vertebrate

Paleontology, 36 (5), e1201767.

- BARRIENTOS-LARA, J. I., ESPINOSA-ARRU-

BARRENA, L. and MELGAREJO-DAMI �AN, M. P.

2014. Late Jurassic marine vertebrates from Tlaxiaco, Oaxaca

State, southern Mexico. Palaeontologia Electronica, 17 (1), 1–
24A.

ANQUETIN, J., P €UNTENER, C. and BILLON-

BRUYAT, J. P. 2014. A taxonomic review of the Late Juras-

sic eucryptodiran turtles from the Jura Mountains (Switzer-

land and France). PeerJ, 2, e369.

BARRIENTOS-LARA, J. I., FERN �ANDEZ, M. S. and

ALVARADO-ORTEGA, J. 2015. Kimmeridgian pliosaurids

(Sauropterygia, Plesiosauria) from Tlaxiaco, Oaxaca, southern

Mexico. Revista Mexicana de Ciencias Geol�ogicas, 32 (2), 293–304.
BARTOK, P. E., RENZ, O. and WESTERMANN, G. E. G.

1985. The Siquisique ophiolites, Northern Lara State, Vene-

zuela: a discussion on their Middle Jurassic ammonites and

tectonic implications. Geological Society of America Bulletin,

96, 1050–1055.
BATSCH, A. J. G. C. 1788. Versuch einer Anleitung, zur Ken-

ntniß und Geschichte der Thiere und Mineralien. Akademische

Buchhandlung, Jena, 528 pp.

BR €AM, H. 1965. Die Schildkr€oten aus dem oberen Jura

(Malm) der Gegend von Solothurn. Schweizerische Pala€ontolo-

gische Abhandlungen, 83, 1–190.
BURCKHARDT, C. 1930. Etude synth�etique sur le Meso-

zo€ıque Mexicain. M�emoire de la Soci�et�e Pal�eontologique Suisse,

49–50, 1–289.
CADENA, E. A. and GAFFNEY, E. S. 2005. Notoemys zapa-

tocaensis, a new side-necked turtle (Pleurodira: Platychelyidae)

from the Early Cretaceous of Colombia. American Museum

Novitates, 3470, 1–19.
-and JOYCE, W. 2015. A review of the fossil record of

turtles of the clades Platychelyidae and Dortokidae. Bulletin of

the Peabody Museum of Natural History at Yale University, 56

(1), 3–20.
-JARAMILLO, C. A. and BLOCH, J. I. 2013. New

material of the platychelyid turtle Notoemys zapatocaensis from

the early Cretaceous of Colombia; implications for under-

standing Pleurodira evolution. 105–120. In BRINKMAN, D.

B., HOLROYD, P. A. and GARDNER, J. (eds). Morphol-

ogy and evolution of turtles, vertebrate paleobiology and pale-

oanthropology. Springer, 577 pp.

CATTOI , N. and FREIBERG, M. A. 1961. Nuevo hallazgo de

Chelonia extinguidos en la Rep�ublica Argentina. Physis, 22, 202.

DAMBORENEA, S. E. 2000. Hispanic corridor: its evolution

and the biogeography of bivalve molluscs. GeoResearch Forum,

6, 369–380.
FERN �ANDEZ, M. S. and FUENTE, M. S. DE LA 1994.

Redescription and phylogenetic position of Notoemys: the oldest

Gondwanian pleurodiran turtle. Neues Jahrbuch f€ur Geologie

und Pal€aontologie, Abhandlungen, Stuttgart, 193 (1), 81–105.
FRAKES, L. A., FRANCIS , J. E. and SYKTUS, J. I. 1992. Cli-

mate modes of the Phanerozoic, The history of earth’s climate over

the past 600 million years. Cambridge University Press, 274 pp.

FUENTE, M. S. DE LA and FERN �ANDEZ, M. S. 1989.

Notoemys laticentralis Cattoi and Freiberg, 1961, from the

12 PAPERS IN PALAEONTOLOGY

http://dx.doi.org/10.5061/dryad.508g5
http://zoobank.org/References/DBB99A4F-AF62-4735-96DC-977802BA2969
http://zoobank.org/References/DBB99A4F-AF62-4735-96DC-977802BA2969


upper Jurassic of Argentina: a member of the Infraorder Pleu-

rodira (Cope, 1868). Stvdia Geologica Salmanticensia. Studia

Palaeocheloniologica, Salamanca, 3 (2), 25–32.
-and ITURRALDE-VINENT, M. 2001. A new pleurodi-

ran turtle from the Jagua formation (Oxfordian) of western

Cuba. Journal of Paleontology, 75, 860–869.
GAFFNEY, E. 1979. The Jurassic turtles of North America.

Bulletin of the American Museum of Natural History, 162, 91–136.
-HUTCHISON, J. H., JENKINS, F. A. and MEEKER,

L. J. JR 1987. Modern turtle origins: the oldest known cryp-

todire. Science, 237 (4812), 289–291.
GASPARINI , Z. 1978. Consideraciones sobre los Metri-

orhynchidae (Crocodylia, Mesosuchia): su origen taxonom�ıa y

distribuci�on geogr�afica. Obra del Centenario del Museo de La

Plata. Paleontolog�ıa, 5, 1–9.
-1992. Marine reptiles of the Circum-Pacific region. 361–

364. In WESTERMANN, G. E. G. (ed.) The Jurassic of the

Circum-Pacific. Cambridge University Press, 676 pp.

-and FERN �ANDEZ, M. S. 1996. Biogeographic affinities

of the Jurassic marine reptile fauna of South America. In

RICCARDI , A. C. (ed.) Advances in Jurassic research.

GeoResearch Forum, 1–2, 443–449.
GOLOBOFF, P. A., FARRIS , J. S. and NIXON, K. C. 2008.

TNT, a free program for phylogenetic analysis. Cladistics, 24

(5), 774–786.
GOLONKA, J. and KROBICKI , M. 2001. Upwelling regime

in the Carpathian Tethys: a Jurassic-Cretaceous palaeogeographic

and paleoclimatic perspective. Geological Quarterly, 45 (1), 15–32.
GUILLON, J. M., GU�ERY, L., HULIN, V. and GIRON-

DOT, M. 2012. A large phylogeny of turtles (Testudines)

using molecular data. Contributions to Zoology, 81, 147–158.
HILLEBRANDT, A. VON 1981. Kontinentalverschiebung

und die palaozoographishen Beziehungen des sudamerikanis-

chen. Lias: Geologische Rundschau, 70 (2), 570–582.
-WESTERMANN, G. E. G., CALLOMON, J. H. and

DETTERMAN, R. L. 1992. Ammonites of the Circum-Pacific

region. 342–359. InWESTERMANN, G. E. G. (ed.) The Juras-

sic of the Circum-Pacific. Cambridge University Press, 676 pp.

IMLAY, R. W. 1984. Jurassic ammonite successions in North

America and biogeographic implications. In WESTER-

MANN, G. E. G. (ed.) Jurassic-Cretaceous biochronology and

paleogeography of North America. Geological Association of

Canada Special Papers, 27, 1–10.
ITURRALDE-VINENT, M. 2003. A brief account of the

evolution of the Caribbean seaway: Jurassic to Present. 386–
396. In PROTHERO, I. D. L. and NESBITT, E. (eds).

From greenhouse to Icehouse: the marine Eocene-Oligocene tran-

sition. Colombia University Press, 541 pp.

-2004–2005. La Paleogeograf�ıa del Caribe y sus implica-

ciones para la biogeograf�ıa hist�orica. Revista del Jard�ın

Bot�anico Nacional, 25–26, 49–78.
JOYCE, W. G., PARHAM, J. F. and GAUTHIER, J. A.

2004. Developing a protocol for the conversion of rank-based

taxon names to phylogenetically defined clade names, as

exemplified by turtles. Journal of Paleontology, 78, 989–1013.
KARL, H.-V. and TICHY, G. 2006. Altm€uhltal: neue

Schildkr€otenfunde im Plattenkalk. Biologie in Unserer Zeit, 4,

214–215.

LAPPARENT DE BROIN, F., FUENTE, M. S. DE LA and

FERN �ANDEZ, M. S. 2007. Notoemys laticentralis (Chelonii,

Pleurodira), Late Jurassic of Argentina: new examination of

the anatomical structures and comparisons. Revue de Pal�eobi-

ologie, 26 (1), 99–136.
L �OPEZ-CONDE, O. A., STERLI , J., ALVARADO-

ORTEGA, J. and CHAVARR�IA-ARELLANO, M. L.

2016. Data from: A new platychelyid turtle (Pan-Pleurodira)

from the Late Jurassic (Kimmeridgian) of Oaxaca, M�exico.

Dryad Digital Repository. doi: 10.5061/dryad.508g5

L �OPEZ-TICHA, D. 1969. Evaluaci�on petrol�ıfera de la Cuenca

de Tlaxiaco, Estado de Oaxaca. Seminario sobre exploraci�on

petrolera, mesa redonda 6. Problemas de exploraci�on en �areas

posiblemente petrol�ıferas de la Rep�ublica Mexicana. Instituto

Mexicano del Petr�oleo, M�exico.

-1985. Revisi�on de la estratigraf�ıa y potencial petrolero de la

Cuenca de Tlaxiaco, M�exico. Bolet�ın de la Asociaci�on Mexicana

de Ge�ologos Petroleros, 37 (1), 49–92.
MADDISON, W. P. and MADDISON, D. R. 2011. Mes-

quite: a modular system for evolutionary analysis, v 2.75.

http://mesquiteproject.org

MENESES-ROCHA, J. J., MONROY-ADUELOO, M. A.

and G �OMEZ-CHAVARR�IA , J. C. 1994. Bosquejo paleo-

geogr�afico y tect�onico del sur de M�exico durante el Meso-

zoico. Bolet�ın de la Asociaci�on Mexicana de Ge�ologos Petroleros,

44 (2), 18–45.
PARRISH, J. T. 1992. Climatology and oceanology. 365–379.
In WESTERMANN, G. E. G. (ed.) The Jurassic of the Cir-

cum-Pacific. Cambridge University Press, 676 pp.

P�EREZ-IBARG €UENGOITIA , J. M., HOKUTO-CAS-

TILLO, A. and CERNA, Z. DE 1965. Estratigraf�ıa y Paleon-

tolog�ıa del Jur�asico Superior de la parte centro meridional del

estado de Puebla. Reconocimiento geol�ogico del �area de Pet-

lalcingo-Santa Cruz, Municipio de Acatl�an, estado de Puebla.

Paleontolog�ıa Mexicana, 21, 1–2.
POL, D. and ESCAPA, I. H. 2009. Unstable taxa in cladistic

analysis: identification and the assessment of relevant charac-

ters. Cladistics, 25 (5), 515–527.
RABI , M., ZHOU, C. F., WINGS, O., GE , S. and JOYCE,

W. G. 2013. A new xinjiangchelyid turtle from the Middle

Jurassic of Xinjiang, China and the evolution of the basiptery-

goid process in Mesozoic turtles. BMC Evolutionary Biology,

13, 203.

-SUKHANOV, V. B., EGOROVA, V. N., DANILOV,

I. and JOYCE, W. G. 2014. Osteology, relationships, and

ecology of Annemys (Testudines, Eucryptodira) from the Late

Jurassic of Shar Teg, Mongolia, and phylogenetic definitions

for Xinjiangchelyidae, Sinemydidae, and Macrobaenidae. Jour-

nal of Vertebrate Paleontology, 34, 327–352.
REYNOSO, V. H. 2006. Research on fossil amphibians and rep-

tiles in Mexico, from 1869 to early 2004 (including marine forms

but excluding pterosaurs, dinosaurs, and obviously, birds). 209–
231. In VEGA, F., NYBORG, T. G., PERRILLAT, M. DEL

C., MONTELLANO-BALLESTEROS, M., CEVALLOS-

FERRIZ , S. R. S. and QUIROZ-BARROSO, S. A. (eds).

Studies on Mexican paleontology. Springer, 308 pp.

RUEDA-GAXIOLA, J., ANDA-GARC�IA , M. A. DE and

P�EREZ-SILVA, B. S. 2007. Estudio petrol�ogico del Grupo

L �OPEZ-CONDE ET AL . : PLATYCHELY ID TURTLE FROM MEXICO 13

http://dx.doi.org/10.5061/dryad.508g5
http://mesquiteproject.org


Consuelo (sensu Jim�enez Renter�ıa) en Rosario Nuevo, Munici-

pio de Tezoatl�an, Oaxaca (Resultados preliminares). Geos, 27

(1), 54.

SANDOVAL, J. and WESTERMANN, G. E. G. 1986. The

Bajocian (Jurassic) ammonite fauna of Oaxaca, Mexico. Jour-

nal of Paleontology, 60 (6), 1220–1271.
SMITH, P. L. 1983. The Pliensbachian ammonite Dayiceras

dayiceroides and early Jurassic paleogeography. Canadian

Journal of Earth Sciences, 20, 86–91.
STERLI , J. 2008. A new, nearly complete stem turtle from the

Jurassic of South America with implications for turtle evolu-

tion. Biology Letters, 4, 286–289.
-FUENTE, M. S. DE LA and KRAUSE, J. M. 2015. A

new turtle from the Palaeogene of Patagonia (Argentina) sheds

new light on the diversity and evolution of the bizarre clade

of horned turtles (Meiolaniidae, Testudinata). Zoological Jour-

nal of the Linnean Society, 174 (3), 519–548.
WAGNER, A. 1853. Beschreibung einer fossilen Schildkr€oten

und etlicher anderer Reptilien-€Uberreste aus den lithographis-

chen Schiefern und dem gr€unen Sandsteine von Kehlheim.

Abhandlungen der Bayerischen Akademie der Wissenschaften,

Mathematisch-Physikalische Klasse, 7, 241–264.
WESTERMANN, G. E. G. 1981. The upper Bajocian and lower

Bathonian (Jurassic) ammonite faunas of Oaxaca, Mexico and

west-Tethyan affinities. Paleontolog�ıa Mexicana, 46, 1–15.
WESTERMANN, G. E. G. (ed.) 1992. The Jurassic of the Cir-

cum-Pacific. Cambridge University Press, 676 pp.

ZHOU, C. F. and RABI , M. 2015. A sinemydid turtle from

the Jehol Biota provides insights into the basal divergence of

crown turtles. Scientific Reports, 5, 16299.

14 PAPERS IN PALAEONTOLOGY


