
AREASSESSMENT OF THE LATE JURASSIC TURTLE EURYSTERNUMWAGLERI
(EUCRYPTODIRA, EURYSTERNIDAE)

J�ER�EMYANQUETIN*,1,y and WALTER G. JOYCE2

1UMR CNRS 7207 MNHNUPMC, Mus�eum National d’Histoire Naturelle, CP38, 8 rue Buffon, 75231 Paris cedex 05, France,
j.anquetin@gmail.com;

2Department of Geosciences, University of Fribourg, Chemin du Mus�ee 6, 1700 Fribourg, Switzerland, walter.joyce@unifr.ch

ABSTRACT—Eurysternum wagleri is one of the first named, yet most poorly understood turtles from the Late Jurassic of
Europe. Over the years, many specimens have been referred to and many species synonymized with E. wagleri, but little
consensus is apparent, and the taxonomy is therefore highly confusing. Based on the rare, only known illustration of the lost
holotype and on the reassessment of select individuals, the species E. wagleri is recharacterized herein. Eurysternum wagleri
is diagnosed by a deep pygal notch, a carapace with a pentagonal outline, a contribution of vertebral 5 to the posterior
carapace margin, three cervical scales, very wide vertebral scales with a well-developed radiating pattern, well-developed
costoperipheral fontanelles in medium-sized individuals, a plastron connected to the carapace by ligaments, gracile, peg-like
bony projections of the hyo- and hypoplastra, and large, oval-to-quadrangular lateral plastral fontanelles. A lectotype is
designated for Acichelys redenbacheri, and this taxon is interpreted as the junior subjective synonym of Eurysternum wagleri.
All other, previously proposed synonymies are rejected, because they lack characters that would allow diagnosing them as
E. wagleri.

INTRODUCTION

The Late Jurassic of Europe is characterized by an endemic
assemblage of littoral, eucryptodiran turtles, which are currently
referred to the taxa Plesiochelyidae, Eurysternidae, and Thalas-
semydidae (Lapparent de Broin, 2001; Danilov, 2005). The Late
Jurassic lithographic limestones of southern Germany have been
particularly important for the understanding of this fauna,
because they produced a great number of often well-preserved
specimens that also served as the holotypes of numerous taxa
(e.g., Meyer, 1839a, 1839b, 1860, 1864; Wagner, 1853; Zittel,
1877). Based on this profusion of material, various authors (e.g.,
Meyer, 1860; Maack, 1869; Zittel, 1877) throughout the 19th cen-
tury recognized these fossil turtles as being different from mod-
ern faunas and placed them in their own taxonomic units
(genera). However, little attention was accorded to these forms
during the 20th century, and they are now in need of serious
taxonomic revision.
One of the first named, yet most poorly understood taxa from

the Late Jurassic of Europe is Eurysternum wagleri Meyer,
1839b. This is due to a number of reasons (Joyce, 2003). First, E.
wagleri is based on an incomplete specimen that only shows
details of the pygal region in ventral view (Fig. 1). Second,
Meyer (1839b) did not see the holotype when describing this
taxon, but rather described it based on an illustration. Third, like
so many others, the holotype of E. wagleri was destroyed in
Munich during World War II (Wellnhofer, 1967), making it
impossible to scrutinize the morphology described by Meyer
(1839b). Fourth, comparison of the few surviving holotypes of
other Late Jurassic turtles described during the 19th century
with their type illustrations commonly reveals great

discrepancies between the two (Joyce, 2003). Type illustrations
are therefore not a reliable source of genuine morphological
information.
In parallel with naming a profusion of species throughout the

19th century, authors synonymized taxa using rationales that do
not correspond to modern taxonomic practice. Given that E.
wagleri is one of the first fossil turtles to be named, many Late
Jurassic turtles from Germany and France were synonymized
with it, including Aplax oberndorferiMeyer, 1843, Achelonia for-
mosa Meyer, 1860, Acichelys redenbacheri Meyer, 1854, Euryas-
pis radians Wagner, 1861, Hydropelta meyeri (Thiolli�ere, 1850),
Palaeomedusa testa Meyer, 1860, Parachelys eichstaettensis
Meyer, 1864, and Thalassemys marina Fraas, 1903 (e.g.,
R€utimeyer, 1873; Zittel, 1877; Fraas, 1903; Oertel, 1915; Br€am,
1965). A persistent idea is that Aplax oberndorferi represents an
early ontogenetic form of E. wagleri, whereas Acichelys redenba-
cheri and, most notably, Palaeomedusa testa (both typified by
bigger individuals) are adult forms of E. wagleri (e.g., Broin,
1994; Lapparent de Broin et al., 1996). However, given the frag-
mentary nature and loss of the holotype, most authors utilize the
morphologies displayed by the alleged synonyms of E. wagleri
when discussing the anatomy or relationships of this species. The
resulting taxonomic situation is therefore extremely confusing.
Eurysternum wagleri was historically diagnosed by its charac-

teristic deep pygal notch, but little attention was accorded to the
details in this area. Joyce (2003) recently noted that a deep pygal
notch is found in a number of turtles from the lithographic lime-
stones of southern Germany, but that significant variation is
apparent among these notched turtles. It was therefore unclear
whether this feature was diagnostic for a single species or a more
inclusive clade of deeply notched taxa. In particular, Joyce
(2003) noted that the holotype of E. wagleri (or at least its illus-
tration) appears to have had supernumerary bones (twelfth
peripherals?) in the pygal area, whereas a specimen referred to
this species by Zittel (1877) lacks these bones. A previously
undescribed specimen housed in Munich (BSPG 1960 VIII 43)
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presents a similar morphology to that seen in the holotype,
thereby suggesting that the illustration of the type specimen is
correct, at least regarding this particular point. However, a
review of turtles from the Late Jurassic of southern Germany
now leads us to the conclusion that all turtles with a deep pygal

notch actually share a number of other characteristics that
support their placement in the same species.
The purpose of the present study is to characterize the mor-

phology of Eurysternum wagleri based on a small number of
selected individuals, including the herein newly designated

FIGURE 1. Photograph of the illustration of the lost holotype of Eurysternum wagleri, Late Jurassic of Solnhofen, Germany. This illustration was
published as a separated annex to Meyer (1839a) and is missing from many libraries (see text). This is the copy bound with the volume housed in the
library of the Natural History Museum, London.
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lectotype of Acichelys redenbacheri. Correctly or not, many
undescribed specimens in museum collections have been
assigned to E. wagleri. This work will hopefully be a reference
for the correct identification of these specimens in the future and
will serve as the basis for integrating this taxon into global
phylogenetic analyses.
Institutional Abbreviations—BMM, B€urgermeister-M€uller-

Museum, Solnhofen, Germany; BSPG, Bayerische Staatssamm-
lung f€ur Pal€aontologie und Geologie, Munich, Germany; CM,
Carnegie Museum of Natural History, Pittsburgh, U.S.A.; MNB,
Museum f€ur Naturkunde, Berlin, Germany; MNHN, Mus�eum
national d’Histoire naturelle, Paris, France; NMS, Naturmuseum
Solothurn, Solothurn, Canton of Solothurn, Switzerland; SMF,
Senckenberg Naturmuseum, Frankfurt-am-Main, Germany.

SYSTEMATIC PALEONTOLOGY

TESTUDINES Batsch, 1788
EUCRYPTODIRA Gaffney, 1975a
EURYSTERNIDAE Dollo, 1886

Remarks—Late Jurassic eucryptodires from Europe are usu-
ally referred to one of the three following families: Eurysterni-
dae Dollo, 1886, Plesiochelyidae Baur, 1888, and
Thalassemydidae Zittel, 1889. Usage of these names has been
highly inconsistent throughout the 19th and 20th centuries, but
all three names remain in regular usage (e.g., Br€am, 1965; Lap-
parent de Broin, 2001; Danilov, 2005). The presence of three cer-
vical scales in Eurysternum wagleri (see below) and other
accumulating evidence (unpublished data) suggest that these
three families may actually form a monophyletic group, which
collectively may be named Plesiochelyidae following the provi-
sional definition proposed by P€untener et al. (2014). Until more
evidence is found, however, we prefer to avoid creating more
confusion and use Eurysternidae sensu Lapparent de Broin et al.
(1996). As such, eurysternids are considered to include such taxa
as Eurysternum wagleri, Solnhofia parsonsi Gaffney, 1975b, and
Idiochelys fitzingeriMeyer, 1839a.

EURYSTERNUMWAGLERIMeyer, 1839b
(Figs. 1–6)

Eurysternum wagleriMeyer, 1839b:75 (original description).

Synonymy—Acichelys redenbacheriMeyer, 1854.
Type Material—Eurysternum wagleri is based on a single spec-

imen, which is the holotype by monotypy. The holotype was last
housed in Munich, but is now considered lost (Wellnhofer,
1967). A poorly crafted cast exists in the collections of the Sedg-
wick Museum of Earth Sciences in Cambridge, U.K., but it
reveals none of the details that are apparent from the type
illustration (Joyce, 2003).
Illustration of Type—Meyer (1839c, no plate number; see

remarks below); Figure 1.
Type Horizon and Locality—Late Jurassic (Tithonian), litho-

graphic limestone quarries of Solnhofen, Germany.
Referred Specimens—BSPG AS I 921 (Zittel, 1877:pl. XXVII;

Figs. 2–3) and BSPG 1960 VIII 43 (Fig. 4) from the quarries of
Denkendorf/Zandt, Germany; MNB R 2440, lectotype of
Acichelys redenbacheri (Figs. 5–6) from the quarries of Solnhofen,
Germany (seeDiscussion).
Emended Diagnosis—Moderately sized turtle (carapace

length up to 400 mm); cranium about 20% of carapace length;
carapace pentagonal in outline with greatest width at the level of
peripherals 7–8; wide nuchal notch formed entirely by a broad,
trapezoidal nuchal; carapace margin slightly concave between
peripherals 8–11; deep pygal notch, possibly formed by the loss
of the pygal bone; three cervical scales, of which the median one

is very wide; vertebral scales very wide, covering more than half
of the length of the costals; well-developed radiating pattern on
vertebrals 2–4; fifth vertebral scale posteriorly contributing to
carapace margin; plastron with a large, central fontanelle that is
wider than long; quadrangular to oval lateral plastral fontanelles;
ligamentous bridge; axillary process reaching to the level of
peripheral 2; epiplastra and entoplastron very reduced or not
ossified; absence of median suture between the hyoplastra, hypo-
plastra, and xiphiplastra; probable xiphiplastral fontanelle closed
posteriorly by peg-like projections of xiphiplastra. Differing
from Solnhofia parsonsi in cranium only 20% of carapace length;
gracile peg-like plastron projections present in the bridge area;
plastron less ossified. Differing from Idiochelys fitzingeri in com-
plete series of neurals; presence of a central plastral fontanelle.
Differing from Parachelys eichstaettensis in phalangeal formula
(manus and pes) of 2-3-3-3-3. Differing from Palaeomedusa testa
in significantly broader cervical region.
Remarks—It should be noted that the original illustration of

the holotype specimen by C. Hohe was apparently added to the
1839 volume of Neues Jahrbuch f€ur Mineralogie, Geognosie,
Geologie und Petrefaktenkunde after its effective publication.
We have been unable to find this illustration in several renowned
libraries (e.g., Mus�eum national d’Histoire naturelle, Paris; Yale
University; Harvard University; New York Public Library), save
for the library of the Natural History Museum, London
(NHMUK). A note on the illustration in the NHMUK volume
states that they were not always bound together. This is con-
firmed by the absence of a plate number on the illustration and
the fact that there is no reference to it in Meyer (1839c). This
rare illustration of the holotype specimen is reproduced in
Figure 1.
The single most diagnostic feature of Eurysternum wagleri is

the formation of a deep pygal notch. The holotype was preserved
on its back and the distribution of the scales therefore cannot be
seen in the illustration. However, in all other turtles from the
Late Jurassic of southern Germany that have a deep pygal notch,
vertebral 5 contributes to the posterior carapacial margin (see
descriptions below). We therefore diagnose this taxon primarily
on the basis of these two traits.

DESCRIPTION OF THE HOLOTYPE

As discussed above, the situation is rather delicate when con-
sidering the holotype of Eurysternum wagleri because this speci-
men is now lost and because the only known illustration was
never checked for accuracy by Meyer (1839b). The specimen, as
depicted, consisted of a partial carapace in visceral view,
but only the posterior part was satisfactorily preserved. Some
remnants of the plastron might have been present in the central
part of the fossil, but this remains conjectural. Anteriorly, the
carapace was broken and revealed the imprint of a wide verte-
bral scale with a clear radiating pattern. Associated with the car-
apace were the disarticulated remains of the forelimbs, the
cervical vertebrae, the lower jaw, and the right hind limb. In con-
trast, the pelvic girdle and the tail were preserved more or less in
articulation. The pelvic girdle appears to have been positioned
dorsal to the carapace, which is rather surprising. This was prob-
ably the result of postmortem dislocation. According to Meyer
(1839c), the estimated length of the carapace was 250 mm. This
indicates that the original illustration was executed at natural
size.
As far as it can be trusted, the original illustration (Fig. 1)

exhibits a certain number of features that also occur in combina-
tion in several other Late Jurassic turtles from southern Ger-
many. These features include a pentagonal shell outline with its
greatest width at the seventh or eighth peripheral; presence of a
nuchal notch; a wide, trapezoidal nuchal; very wide vertebral
scales with a well-developed radiating pattern; posterolateral
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border of the carapace from peripherals 8–11 slightly concave;
and, undoubtedly the most diagnostic feature of all, the presence
of a deep pygal notch. This combination of characters is unique
among all turtles familiar to us and therefore fully sufficient to
diagnose the species E. wagleri.
Other characteristics of special interest are either difficult or

impossible to observe in the type illustration. For example, the
extent to which the costal bones are ossified is mostly ambiguous,
although the apparent presence of a small fontanelle on the left
side of the first suprapygal seems to indicate that the ossification
of the costals was not complete in this specimen (to be compared
with BSPG AS I 921). The number of cervical scales on the
nuchal is also unclear.
As mentioned above, the illustration of the holotype indicates

the presence of a pair of supernumerary bones (twelfth periph-
erals?) forming the sides of the pygal notch (Fig. 1). The pres-
ence of this pair of bones is now impossible to confirm.
However, a specimen housed in Munich (BSPG 1960 VIII 43;

see below) suggests that the illustration of the type specimen was
probably correct regarding this particular point.

DESCRIPTION OF BSPG AS I 921

BSPG AS I 921 was originally described by Zittel (1877) and
identified as a new specimen of Eurysternum wagleri. The speci-
men, which originates from Denkendorf/Zandt, Germany, con-
sists of a relatively complete carapace, but only parts of the
plastron are visible because the specimen is not prepared on
both sides. Remains of the skull and the cervical series are also
present, but too poorly preserved to provide significant insights.
The appendicular skeleton is limited to the humeri, the right
radius and ulna, and a partial right hind limb. Posteriorly, a series
of eight caudal vertebrae and an ilium are also present (Fig. 2).
The total carapace length between the nuchal and pygal notches
is about 166 mm.

FIGURE 2. BSPG AS I 921, Eurysternum wagleri, Late Jurassic of Denkendorf/Zandt, Germany. A, photograph of specimen; B, interpretative line
drawing. Abbreviations: I–V, digits I through V; axp, axillary process; cav, caudal vertebrae; ce, cervical scale; cev, cervical vertebrae; co, costal; hu,
humerus; il, ilium; inp, inguinal process; m, marginal scale; mt, metatarsals; n, neural; nu, nuchal; p, peripheral; pel, pelvis; ra, radius; sp, suprapygal;
ul, ulna; v, vertebral scale.
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The outline of the carapace greatly resembles that of the
holotype of E. wagleri: a moderate, but wide nuchal notch,
carapace pentagonal in outline with the greatest width at the
level of the seventh and eighth peripherals, posterior margin

(between peripherals 8 and 11) slightly concave, and deep
pygal notch. The nuchal is trapezoidal and very wide. As
already noted by Br€am (1965:166), there are three cervical
scales in this specimen (see Discussion, below), of which the
median one is significantly wider than the two lateral ones
(Fig. 3). This configuration recalls the condition in the holo-
type and referred specimens of Palaeomedusa testa (e.g.,
Joyce, 2003), but the median cervical is significantly wider in
E. wagleri. There are eight neurals: neurals 1 and 2 are trape-
zoidal and wider anteriorly, neurals 3–7 are hexagonal and
elongated with the shortest sides anteriorly, and neural 8 is
trapezoidal, very narrow anteriorly and wider posteriorly.
There are two rather large and equidimensional suprapygals
(see Discussion for considerations on the homology of the
elements in the pygal region). The second suprapygal forms
the median part of the deep pygal notch. There are eight cos-
tals, most of which are only ossified for about half of their
length. As a result, the carapace retains well-developed lat-
eral fontanelles. The distal ends of the posterior costals only
insert rather superficially into the peripherals, a condition
reminiscent of that seen in Asian sinemydids, such as

FIGURE 3. BSPGAS I 921, Eurysternum wagleri, Late Jurassic of Den-
kendorf/Zandt, Germany. Detailed photograph of the nuchal bone show-
ing the lateral sulci of the three cervical scales (indicated by arrows).

FIGURE 4. BSPG 1960 VIII 43, Eurysternum wagleri, Late Jurassic of Denkendorf/Zandt, Germany. A, photograph of specimen; B, interpretative
line drawing.Abbreviations: I–V, digits I through V; axp, axillary process; c, carpals; cav, caudal vertebrae; cev, cervical vertebrae; co, costal; fi, fibula;
fmt, fifth metatarsal; hu, humerus; inp, inguinal process;mc, metacarpals;mt, metatarsals; n, neural; nu, nuchal; p, peripheral; pel, pelvis; ra, radius; sp,
suprapygal; ti, tibia; ul, ulna; v, vertebral scale; *, supernumerary bone.
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FIGURE 5. MNB R 2440 (lectotype of Acichelys redenbacheri), Eurysternum wagleri, Late Jurassic of Solnhofen, Germany.A, photograph of speci-
mens MNB R 2440.1 and MNB R 2440.2; B, interpretative line drawing of specimens shown in A; C, photograph of the plaster counter mold, MNB R
2440.3; D, interpretative drawing of the plaster counter mold, MNB R 2440.3. Abbreviations: co, costal; fe, femur; n, neural; p, peripheral; pl, pleural
scale; sp, suprapygal; ti, tibia; v, vertebral scale; *, dissolution mark.
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Liaochelys jiangchangensis (Zhou, 2010). There are 11
peripherals, of which peripherals 9–11 are enlarged. Periph-
erals 11 form the lateral aspects of the pygal notch on both
sides.
As mentioned above, there are three cervical scales, including

a very wide median one. The vertebral scales are also very wide.
Because of the presence of carapacial fontanelles, the lateral
margins of the vertebral scales and the pleural scales themselves
are not visible. There is a well-defined radiating pattern on

vertebrals 2–4. Vertebral 5 forms the anteromedial border of the
pygal notch, hence contributing to the posterior carapacial mar-
gin. The number of marginals is unclear, but 12 pairs appear to
be present as in most turtles.
Unfortunately, little can be seen of the plastron, but some

aspects are apparent through the costoperipheral fontanelles.
The connection between the carapace and plastron was not ossi-
fied. Axillary and inguinal processes are characterized by rela-
tively gracile, peg-like projections, compared with those
observed in Solnhofia parsonsi (see Joyce, 2000). The axillary
process projects far anteriorly and reaches the level of the second
peripheral, but it is unclear if the second peripheral possesses a
facet for its articulation. Loose connections appear to have fur-
thermore been present with peripherals 3–5. The inguinal pro-
cess is mainly associated with peripherals 7 and 8. The posterior-
most peg-like projection articulates with a facet in the central
portion of peripheral 8. Large, elongated, and oval bridge fonta-
nelles are apparent on both sides.
Little can be said of the appendicular skeleton. The metatar-

sals and phalanges of the right pes are preserved in articulation.
The phalangeal count is 2-3-3-3-3 (the fifth metatarsal is miss-
ing), which is a common formula in turtles.

DESCRIPTION OF BSPG 1960 VIII 43

BSPG 1960 VIII 43 is a yet undescribed specimen from Den-
kendorf/Zandt, Germany, the same locality as BSPG AS I 921.
This is a less complete specimen of comparable size (carapace
length D 177 mm) that nevertheless provides very interesting
indications concerning intraspecific variation in Eurysternum
wagleri (Fig. 4). A great part of the left side of the shell was lost
due to postdepositional processes. The nuchal and most periph-
erals are missing, and the skull and cervical vertebrae are poorly
preserved. Although they will probably not reveal much, it
would be interesting to prepare and study the cranial remains in
more details because they are better preserved than those of
BSPG AS I 921. The skull is 34.5 mm in length, which represents
about 19.5% of the carapace length. This corresponds to previ-
ous estimates for E. wagleri (Broin, 1994; Joyce, 2000). The
appendicular skeleton is represented by the partial left forelimb,
the right radius, ulna and manus, and the right hind limb. A short
series of six or seven small caudal vertebrae is also present at the
level of the pygal notch.
Most of the outline of the carapace is preserved thanks to the

impression left by the peripheral series on the surface of the slab.
The carapace is pentagonal in outline, with its greatest width at
the level of the seventh peripheral. The margin from peripheral
8 to 11 is slightly concave. Many of the bones surrounding the
pygal notch are missing, but the limestone slab underneath has
kept detailed imprints of their margins. The pygal notch is as
deep as in the two previously described specimens, but, unlike
BSPG AS I 921, it is flanked by an additional pair of bones of
unknown affinities. These may correspond to a twelfth, neomor-
phic pair of peripherals. Interestingly, this is the exact same mor-
phology as displayed in the illustration of the holotype specimen
of E. wagleri (Fig. 1).
The neural series is a little different from that of BSPG AS I

921. Neurals 1–7 match fairly well, except for the posterior part
of neural 7, which is greatly reduced in width. Posteriorly to the
seventh neural, there is a small rounded bone upon which the
sutures of costals 8 converge. Behind this small element, there is
an elongate, triangular bone that contacts the first suprapygal
posteriorly. By comparison with BSPG AS I 921, we identify this
second bone as neural 8 and the small rounded element as a sub-
division either of neural 7 or of neural 8. Such kinds of variations
in the neural series regularly occur among other Jurassic turtles
(e.g., Rabi et al., 2013). In contrast to BSPG AS I 921 and appar-
ently also to the holotype specimen, there are three suprapygals,

FIGURE 6. MNB R 2440 (lectotype of Acichelys redenbacheri), Eurys-
ternum wagleri, Late Jurassic of Solnhofen, Germany. A, detailed photo-
graph of MNB R 2440.1 with fragment MNB R 2440.2 removed; B,
interpretative line drawing.Abbreviations: cav, caudal vertabrae; co, cos-
tal; fe, femur; mt, metatarsals; n, neural; p, peripheral; pl, pleural scale;
sp, suprapygal; ta, tarsals; ti, tibia; v, vertebral scale; *, dissolution mark.
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of which the last two morphologically correspond to the second
suprapygal of BSPG AS I 921. The level of ossification of the
costal is similar to that of BSPG AS I 921, which is to be
expected because the two specimens are approximately of the
same size.
Only the intervertebral sulci are visible in the present speci-

men. The vertebrals are consequently very wide, and there is a
well-defined radiating pattern on vertebrals 2–4. The most lateral
parts of the plastron can be seen through the carapacial fonta-
nelles and agree with the morphology seen in BSPG AS I 921.
The right manus and pes are entirely preserved. The manual and
pedal phalangeal formulae of 2-3-3-3-3 are symplesiomorphic for
all crown turtles (Joyce, 2007).

DESCRIPTION OFMNB R 2440, LECTOTYPE
OF ACICHELYS REDENBACHERI

MNB R 2440, the newly designated lectotype of Acichelys
redenbacheri (see Discussion) now referred to Eurysternum
wagleri, consists of the partial imprint of the external surface of a
carapace (Fig. 5A, B). Meyer (1860:pl. XXI, fig. 5) figured this
specimen and also illustrated what appears to be the counter slab
(Meyer, 1860:pl. XXI, fig. 4), but this material is currently unac-
counted for, unless this is actually the plaster counter mold
(MNB R 2440.3; Fig. 5C, D) stored alongside the specimen in
Berlin. MNB R 2440 is formed of two parts: the main slab (MNB
R 2440.1) and a smaller fragment that is approximately 10 cm
long (MNB R 2440.2). This fragment can by lifted in order to
reveal further postcranial material (caudal vertebrae and limb
bones; see below) associated with the carapacial imprint
(Fig. 5A, B).
The morphology of the carapace can be observed directly

from the imprint itself, but the plaster counter mold (MNB
R 2440.3; Fig. 5C, D) also provides valuable information.
Most of the carapacial rim and the anterior part of the cara-
pace are missing, so it is impossible to establish the number
of bony plates and scales without doubt. However, for sim-
plicity and owing to the absence of contradictory evidence,
the following description assumes a number of eight neurals,
eight costals, and 11 peripherals. The carapace length is esti-
mated by comparison with other specimens of E. wagleri to
have been slightly more than 300 mm. The carapace width is
more difficult to appreciate because the specimen may have
been flattened during fossilization. The posterior outline of
the carapace recalls that of the holotype of E. wagleri in
being teardrop-shaped, with the maximum carapace width at
the level of the seventh peripheral. The concavity of the cara-
pacial rim along peripherals 8–11 appears to be more pro-
nounced in this specimen, but this might be a preservational
bias. A similar morphology is apparent from two of the lost
specimens illustrated in Meyer (1860:pl. XIX, fig. 2; pl. XXI,
fig. 3; see Discussion).
Neurals 3–8 are hexagonal and elongate. Anteriorly, only the

posterior half of neural 2 is visible. Costals 1–8 can be seen on
the right side of the imprint, which corresponds to the left side
of the animal. Costals 1 and 2 are slightly concave anteriorly, as
it is the case in many turtles. Meyer (1854, 1860) noted that the
costals alternately widen and narrow distally and used this pur-
ported characteristic as a central diagnostic trait of this taxon,
but we cannot confirm this morphology. The contact between
costals and peripherals is only preserved posteriorly for costals
6–8. At least in that area, there are no carapacial fontanelles.
Peripherals 6–11 are present on the right side of the imprint,
whereas only peripherals 10 and 11 are preserved on the oppo-
site side. There is no median contact between the eleventh
peripherals due to the presence of a seemingly shallow but
wide pygal notch.

The detailed anatomy of the pygal region is uncertain. Poste-
rior to neural 8, there appear to be two large suprapygals. The
anterior one is triangular in shape. The posterior one, only
slightly smaller, is semilunate and forms the median part of the
pygal notch border. The counter plaster mold suggests that there
may have been a third, smaller suprapygal element just behind
neural 8, although this cannot be confirmed by the direct obser-
vation of the imprint.
The contact between the first and second suprapygals is

only partly preserved on the imprint and appears to be con-
cave anteriorly. This contact is partly masked by cavities left
after the dissolution of two bones of uncertain affinity. In
addition to these dissolution marks, the surface of the imprint
is damaged leaving cavities with irregular outlines (Fig. 6).
Two of these cavities are confluent with the dissolution marks
and are apparently not part of the original morphology of the
carapace. Meyer’s (1860:pl. XXI, figs. 4, 5) illustration sug-
gests that a third, rounded cavity on the left side of the
imprint is natural. Such morphology would recall the small
pygal fontanelles found in the holotype of Eurysternum
wagleri and BSPG AS I 921. A detailed study of this rounded
cavity in MNB R 2440 shows that its outline is irregular and
that this structure does not appear to be paired (Fig. 6). This
cavity is therefore interpreted as being unnatural. Two of the
lost specimens illustrated in Meyer (1860) show some varia-
tion in the pygal region. One of these (Meyer, 1860:pl. XIX,
fig. 2) lacks pygal fontanelles, but has three suprapygals like
BSPG 1960 VIII 63 and an additional more rounded element
behind neural 8. The other, by contrast, has only two supra-
pygals and shows a minor pygal fontanelle between the
eighth costal, the first suprapygal and the two last peripherals
(Meyer, 1860:pl. XXI, fig. 3).
Scale sulci are clearly apparent on the imprint as pro-

nounced ridges. Vertebral 1, most of the pleurals, and the
marginals are not preserved. Vertebrals 2–4 are wide scales
that broadly cover the costal bones. A radiating pattern is
present on vertebrals 3 and 4 (probably also in vertebral 2,
but the anterior part of this scale is missing). Vertebral 5 is
smaller and contributes to the median part of the pygal
notch. Intervertebral sulci are sinusoidal. Pleural scales are
only preserved on the right side of the imprint. Of pleurals
1–3, only the median half is visible and shows that the con-
tacts with vertebral scales are oblique. Because of the great
lateral extension of the fourth vertebral scale, pleural 4 is
elongate, very narrow, and almost exclusively located on
peripherals. Some intermarginal sulci are visible (e.g., on
peripherals 6 and 10), but nothing concrete can be said about
marginals.
Associated with the carapacial imprint are some postcranial

elements preserved as dissolution cavities (Fig. 6). A series of
15–16 caudal vertebrae that correspond to a moderately long
and relatively thin tail are preserved lying parallel to the pos-
terior border of the carapace. The vertebrae are preserved as
quadrangular cavities that provide no information regarding
their original morphology. A series of long bones and smaller
elements that correspond to the left hind limb of the animal
are preserved next to the tail. The element on the left, closer
to the caudal vertebrae, can be confidently identified as the
femur (in lateral view). Some trabecular bone is preserved in
the distal head. The femur is elongate and presents a moder-
ate curvature. This is comparable to the morphology found
in extant freshwater turtles. The element on the right is the
tibia (probably in frontal view), with a triangular, well-devel-
oped proximal head. Between the distal end of the tibia and
the proximal head of the femur are smaller, elongate ele-
ments that are probably metatarsals. Along the femur, a
series of even smaller indeterminable dissolution cavities may
correspond to tarsal elements.
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DISCUSSION

Characteristics of Eurysternum wagleri

The purpose of the present paper is to highlight the fact that
all Late Jurassic turtles from southern Germany characterized
by the presence of a deep pygal notch are actually also united by
a set of other characters allowing a recharacterization of the spe-
cies Eurysternum wagleri. These characteristics are summarized
below.
Because so many specimens have been referred to and species

synonymized with E. wagleri over the years, the size range of this
species has remained somewhat unclear. Based on the present
reassessment, it appears that E. wagleri is a turtle of moderate
size, with larger individuals reaching about 350–400 mm in cara-
pace length. The costoperipheral fontanelles are closed when
specimens reach this size (see specimens previously identified as
Acichelys redenbacheri), and such specimens can therefore be
presumed to be skeletally mature. As exemplified by BSPG AS I
921 and BSPG 1960 VIII 43, there are also many fossils of
medium-sized individuals (150–200 mm) with extensive carapa-
cial fontanelles. The skull represents about 20% of the carapace
length.
The carapace is longer than wide and pentagonal in outline,

with its greatest width at the level of peripherals 7–8. There is a
broad nuchal notch formed exclusively by the nuchal. The poste-
rior carapace margin is somewhat pinched, which means that
there is a sudden reduction in width from peripheral 8–11. There,
the margin is slightly concave. Posteriorly, there is a deep pygal
notch that appears to result from the complete loss of the pygal
bone (see discussion below).
The nuchal is trapezoidal and very wide. There are generally

two suprapygals, but some individuals have three. An additional
pair of bones sometimes forms the lateral margins of the pygal
notch. These bones have the anatomical position of neomorphic,
twelfth peripherals, but their exact identity remains unclear (see
discussion below). As discussed above, we interpret the occur-
rence of this additional pair of bones as an individual variation.
There are three cervical scales, with the median one being sig-

nificantly wider than the others. The vertebral scales are also
very wide. In medium-sized specimens, the lateral margins of the
vertebrals and the pleural scales are located above the costoper-
ipheral fontanelles. There is a well-developed radiating pattern
on vertebrals 2–4. This radiating pattern is also retained in the
largest individuals. Because of the presence of the deep pygal
notch, the fifth vertebral scale enters the posterior carapace mar-
gin and marginals 12 therefore lack a median contact on the dor-
sal surface of the shell.
Based exclusively on the specimens described herein, little is

known of the plastron of E. wagleri. The connection between the
carapace and the plastron is ligamentous. The axillary and ingui-
nal processes form rather gracile, peg-like bony projections.
These are respectively located mainly at the level of peripherals
3–4 and peripherals 7–8. The axillary process extends far anteri-
orly and reaches the level of the second peripheral, but appar-
ently has no contact with the costals. There is a large,
quadrangular to oval lateral plastral fontanelle on each side.
The lithographic limestone quarries of southern Germany

have produced several undescribed specimens referable to Eur-
ysternum wagleri that are preserved on their back and show the
plastron. This is notably the case in SMF R 4181 from Solnhofen
(figured in Frickhinger, 1994:fig. 508), CM 3409 (unknown local-
ity), and at least two uncataloged specimens from Painten exhib-
ited at BMM. In these specimens, there is a large central plastral
fontanelle. Interestingly, the central plastral fontanelle is wider
than long, which is rather unusual. The epiplastra and the ento-
plastron were connected to hyoplastra by connective tissue and
are lost in most specimens. Indeed, it is unclear if these bones
were ossified at all, as in other eurysternids (Joyce, 2000).

Hyoplastra, hypoplastra, and xiphiplastra are not sutured on the
midline, even in larger individuals (SMF R 4181 would have had
a carapace length of about 310 mm). There are medial, peg-like
projections on the hyoplastra and hypoplastra. Similar projec-
tions are also present on the posterior part of the xiphiplastra,
likely framing a xiphiplastral fontanelle. This plastral morphol-
ogy is clearly different from that of other known eurysternids,
such as Solnhofia parsonsi (Joyce, 2000) or Idiochelys fitzingeri
(Meyer, 1839a, 1840).

Remarks on Acichelys redenbacheri

Several problems are associated with the taxon Acichelys
redenbacheri. First, unlike all other taxa from the Late Jurassic
of Germany, A. redenbacheri was typified based on a series of
unrelated specimens from different quarries and strata, which
are predominantly united by their large size relative to other
named taxa and by the presence of a deep pygal notch. Second,
because Meyer (1843, 1854) did not explicitly list specimens in
the type description, it is unclear which specimens are parts of
the type series, with the exception of the Redenbacher specimen.
Third, and again with the exception of the Redenbacher speci-
men, all syntype material is lost. As a solution to the problems
associated with the unclear identity of Acichelys redenbacheri
and the loss of most syntypes, the Redenbacher specimen (MNB
R 2440) is herein designated as the lectotype, rendering it the
unique bearer of the name and the standard for its application.
A review of the Redenbacher specimen reveals considerable dif-
ferences compared with the morphologies illustrated and
described by Meyer (1860). The illustration of the still available
slab (Meyer, 1860:pl. XXI, fig. 5) lacks considerable amounts of
clearly observable traits of the sulci, whereas the pygal region
exhibits details that cannot be seen in the specimen. Further-
more, the depicted bony sutures do not fully correspond with
those observable in the specimen, and the outline of the speci-
men (a diagnostic character used by Meyer) appears to be a pres-
ervational artifact, because most of the posterior region of the
specimen has not been prepared and is still covered by sedi-
ments. The lectotype, however, clearly show the presence of a
deep pygal notch and a contribution of vertebral 5 to the poste-
rior carapacial margin, two rare characters only found in Eurys-
ternum wagleri. We therefore herein interpret Acichelys
redenbacheriMeyer, 1854, as a junior subjective synonym of Eur-
ysternum wagleriMeyer, 1839b.

Variation in the Pygal Region of Eurysternum wagleri

The configuration of the pygal region of Eurysternum wagleri
is unique among turtles, even if some resemblances are appar-
ent with the shell of various other, unrelated taxa. Homology of
the various elements is particularly difficult to understand in
this region. Instead of being formed by a simple emargination
of the pygal, the deep pygal notch of E. wagleri appears to be
the result of the complete loss of this bone, although it is simi-
larly possible that the pygal moved anteriorly between the
peripherals and that a suprapygal was lost instead. For simplic-
ity, the two or three elements posterior to the eighth neural are
herein referred to as suprapygals. In derived baenids and in
Sinemys spp., the fifth vertebral also contributes to the posterior
margin of the shell, but the pygal notch is only shallow and a
well-developed bone typically interpreted as the pygal is
retained (Gaffney, 1972; Brinkman and Peng, 1993; Lyson and
Joyce, 2010; Tong and Brinkman, 2013).
As apparent from the above descriptions, the configuration of

the pygal region is subject to a certain degree of individual varia-
tion. There is variability in the number of suprapygals. For
instance, BSPG 1960 VIII 43, one of the lost specimens illus-
trated by Meyer (1860:pl. XIX, fig. 2), and possibly also MNB R
2440 have three suprapygals, instead of two. However, such
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variability is rather common among turtles and is considered to
be of poor systematic value. Zangerl (1969) noted that the
mosaic of bones in the pygal region was more variable than the
rest of the shell, perhaps because these bony plates are not inti-
mately connected to the axial skeleton.
A more striking variability observed in E. wagleri is the spo-

radic presence of an additional pair of elements behind the elev-
enth peripherals. These additional elements are known from the
holotype specimen (as far as the original illustration can be
trusted) and from BSPG 1960 VIII 43. They form the lateral
margins of the pygal notch. They are significantly shorter than
preceding peripherals, representing about one-quarter of the
length of the eleventh peripheral. The identity of these elements
remains conjectural. A twelfth pair of peripherals occurs as an
irregular variation in some turtles (Zangerl, 1969). Joyce (2003)
suggested that if the presence of this additional pair of bones in
the holotype was to be confirmed, then a specific distinction
between the holotype and Zittel’s specimen BSPG AS I 921 may
be warranted. However, a wider review now reveals that Late
Jurassic turtles with a deep pygal notch are united by a combina-
tion of characters that unambiguously separates them from other
European forms and strongly suggests that they are conspecific.
We therefore interpret the presence of an additional pair of ele-
ments behind the eleventh peripherals as intraspecific variation.

Presence of Three Cervical Scales

The presence of three cervical scales in Eurysternum wagleri is
not new per se, as Br€am (1965) already mentioned this character-
istic for the Zittel’s specimen BSPG AS I 921. However, this
piece of information was overlooked by all following authors
(e.g., Lapparent de Broin et al., 1996; Joyce, 2000, 2003; Lappar-
ent de Broin, 2001). Indeed, many studies emphasized the pres-
ence of three cervical scales as a key character for the diagnosis
of Plesiochelyidae (Br€am, 1965; Lapparent de Broin et al., 1996;
Slater et al., 2011; P€untener et al., 2014; P�erez-Garc�ıa, in press).
However, as pointed out by Joyce (2003), it has long been known
that Palaeomedusa testa also has three cervicals. Neither P. testa
nor E. wagleri is typically considered to be a plesiochelyid, indi-
cating that this character is more widespread than previously
thought. The distribution of this character among Late Jurassic
turtles should ultimately be tested in a phylogenetic context, but
it should also be kept in mind that cervical scale sulci are not
always readily observable in fossil specimens, including many
Plesiochelys shells (pers. observ.). Because three cervicals are
present in Eurysternum wagleri and Palaeomedusa testa, we pre-
dict that they may eventually be found in other eurysternids as
well, such as Solnhofia parsonsi.

Specimens and Taxa Similar to Eurysternum wagleri

Eurysternum wagleri is the type species of the genus Euryster-
num. Over the years, several taxa have been proposed to be close
relative of this species. These notably include specimens from
the Kimmeridgian of Cerin, France, referred to Eurysternum
crassipes by Lortet (1892), the taxon Eurysternum ignoratum
from the Kimmeridgian of Solothurn, Switzerland (Br€am, 1965),
and material identified as Eurysternum sp. from the Tithonian of
Canjuers, France (Broin, 1994).
The specimens from Cerin referred by Lortet (1892) to Eurys-

ternum crassipes Wagner, 1861 (a junior objective synonym of
Palaeomedusa testa Meyer, 1860; see Joyce, 2003), are in need of
revision. This material is housed in Lyon, France, and includes
several limbs, but also partial shell and cranial remains (Lortet,
1892; Lapparent de Broin, 2001).
Eurysternum ignoratum Br€am, 1965, was erected based on

material from Solothurn, Switzerland. Br€am (1965) conceptual-
ized the distinction between Eurysternidae, Thalassemydidae,
and Plesiochelyidae based mainly on the morphology of the

plastron. In particular, eurysternids were diagnosed by the pres-
ence of lateral and central fontanelles, thalassemydids by the
presence of a large central fontanelle, and plesiochelyids by the
presence of a small central fontanelle at most. NMS 5, the holo-
type of E. ignoratum, is clearly distinguished by the presence of
lateral and central fontanelles and by the retention of generously
developed carapacial fontanelles between costals and periph-
erals. These characteristics are also found in E. wagleri. How-
ever, Br€am (1965) correctly noted that the width of the vertebral
scales of NMS 5 was greatly reduced compared with E. wagleri,
warranting a specific distinction. Based on the above updated
description, it is undeniable that E. wagleri and E. ignoratum are
at least separate species.
Broin (1994) provided a preliminary description of the fossil

turtles from the Tithonian of Canjuers, France, and identified
one specimen (MNHN CNJ 77; Broin, 1994:pl. 1, fig. 7) as Eurys-
ternum sp. As in E. wagleri, the carapace is pentagonal in outline,
with its greatest width around peripheral 7, vertebral scales are
very wide, there is a pronounced radiating pattern on vertebrals
2–4, and the skull represents about 20% of the carapace length.
However, the specimen lacks a pygal notch, the posterolateral
rim of the carapace is not slightly concave, and peripherals 7–11
are very wide, characters that are otherwise present in Solnhofia
parsonsi (Joyce, 2000). A detailed description of this specimen
will be published elsewhere, but our preliminary observations
agree with Broin (1994) that this specimen is different from E.
wagleri.
A series of taxa from the Late Jurassic of Europe (mostly from

Solnhofen, Germany) were synonymized with E. wagleri over
the course of the last 100 years, including Aplax oberndorferi (as
first proposed by Zittel, 1877), Achelonia formosa, Euryaspis
radians, Palaeomedusa testa (as first proposed by R€utimeyer,
1873), Hydropelta meyeri, Parachelys eichstaettensis (as first pro-
posed by Oertel, 1915), and Thalassemys marina (as first pro-
posed by Br€am, 1965). Aplax oberndorferi is based on a
complete, juvenile specimen (Meyer, 1843), but it lacks all diag-
nostic characters of E. wagleri. Indeed, the specimen is so small
and poorly ossified that it should be considered an indeterminate
turtle. The same arguments can be made for Achelonia formosa
from Cerin, France, which is also based on a poorly ossified, juve-
nile specimen (Meyer, 1860). Euryaspis radians is based on the
central portion of a carapace and only displays the presence of
wide vertebral scales, a character that is widely distributed
among Jurassic turtles and generally thought to be a symplesio-
morphy (e.g., Joyce, 2007). Hydropelta meyeri is based on a frag-
mentary fossil from Cerin, France (Thiolli�ere, 1850). This
specimen is notable for having anterior plastral buttresses that
resemble those of E. wagleri, but we are uncertain about the dis-
tribution of this character and suspect that it is diagnostic for sev-
eral eurysternid taxa. The specimen otherwise lacks characters of
diagnostic value. Similarly, Parachelys eichstaettensis is based on
yet another partial specimen (Meyer, 1864), and it is therefore
again not possible to find any diagnostic characters in the shell
that might unite it with E. wagleri. However, the unusual manual
phalangeal formula of Parachelys eichstaettensis (2-2-3-3-3) dif-
fers from that of E. wagleri (see above), which allows us to reject
a synonymy. We finally also reject the synonymy with Palaeome-
dusa testa because the cervical region of the holotype of this
taxon is significantly narrower than that of E. wagleri.

CONCLUSIONS

One of the first named fossil turtles from the Late Jurassic of
Europe, Eurysternum wagleri is also one of the most distinctive.
Up until now, however, its proper identification was hindered by
the need for a long overdue taxonomic reassessment. Based on a
revision of characteristic specimens, we reject all previously
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proposed synonymies except for the one with Acichelys
redenbacheri.
The holotype of Eurysternum wagleri is lost, but the origi-

nal illustration provides enough information to allow an
unambiguous recognition of the species. The shape of the
carapace and the configuration of its posterior part are partic-
ularly characteristic. All specimens exhibiting a deep pygal
notch similar to that of the aforementioned holotype also
share a number of other characters that clearly differentiate
them from other Late Jurassic European forms, warranting
the validity of the species.
The Late Jurassic turtle fauna from Europe is incredibly rich

and diverse, but it is also sparsely studied. A detailed taxonomic
reevaluation of the historical material must be engaged. There is
also a significant amount of undescribed material in museum
collections throughout Europe.
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