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Abstract. Peltochelys duchastelii is an enigmatic turtle from
Early Cretaceous (middle Barremian—early Aptian) Sainte-
Barbe Formation of Bernissart, Belgium. In more recent liter-
ature, there has been strong support for the trionychian affini-
ties of this taxon, but this interpretation is less consistent with
external data, in particular biogeography and temporal con-
siderations. We provide a reinterpretation here of the lecto-
type of Peltochelys duchastelii that differs from more recent
ones in key features. Although we agree that this turtle lacks
mesoplastra, we conclude that it has 11 pairs of peripherals
(not 10), likely had 12 pairs of marginals (not 11), lacks a
contact between peripheral 1 and costal 1, and that a midline
contact of peripherals 1 hinders the nuchal from contributing
to the margin of the shell. This unusual set of characters is
otherwise known from roughly coeval taxa from Europe and
North America. Phylogenetic analysis yields a previously un-
recognized clade of basal paracryptodiran turtles from the
Late Jurassic to Paleogene of Euramerica united by a nuchal
that is withdrawn from the anterior margin of the shell. The
name Compsemydidae is referred to this clade. The novel
hypothesis suggests that Peltochelys duchastelii did not im-
migrate from Asia but instead originated in Europe.

1 Introduction

Peltochelys duchastelii Dollo, 1884, is a fossil turtle from
the Early Cretaceous of Belgium with a particularly com-
plex history of research. The species was originally named
by Dollo (1884) based on three individuals, in particu-
lar the shell of an adult and two partial skeletons of ju-
veniles. All specimens were collected in Early Cretaceous
(middle Barremian—early Aptian) exposures of the Sainte-
Barbe Formation (Yans et al., 2005) in the underground coal

mines of Bernissart, located in Hainault Province, Belgium.
Dollo (1884) only provided an extremely brief description of
his new species that highlights the presence of a single gular
scute (his plaque intergulaire), the absence of mesoplastra,
and a neck inconsistent with cryptodiran neck retraction.

Lydekker and Boulenger (1887) concluded that the type
material of Peltochelys duchastelii is referable to the Early
Cretaceous (Valanginian) taxon Tretosternon (their Tre-
tosternum) bakewelli (Mantell, 1833), together with a small
assortment of specimens from the Early Cretaceous (Berri-
asian) of Sussex, United Kingdom, and the Early Cretaceous
(Barremian) of the Isle of Wight, United Kingdom. It is diffi-
cult to parse out the rationale of these authors (Joyce, 2017),
as the available material shows little anatomical or temporal
overlap. This synonymy was nevertheless accepted by sub-
sequent authors (e.g., Lydekker, 1889; Dollo, 1909; Wegner,
1911), and Tretosternon bakewelli was typically character-
ized by reference to Peltochelys duchastelii (e.g., Lydekker
and Boulenger, 1887; Lydekker, 1889). Nopcsa (1928a, b)
concluded that the abovementioned English material can be
united with other material from the Cretaceous of North
America and Europe into a previously unrecognized group,
Helochelydridae (his Helochelydrinae, also known as Sole-
mydidae), based on the presence of a distinct shell tex-
ture consisting of raised tubercles, and that Pelfochelys
duchastelii can be distinguished from helochelydrids by its
subdued shell sculpturing and the absence of mesoplastra.
Even though this conclusion was further cemented by the in-
fluential work of Hummel (1929, 1932), the synonymy of
Tretosternon bakewelli with Peltochelys duchastelii was re-
vived once again many decades later by Mtynarski (1976,
fig. 60.1), who presented the shell of Peltochelys duchastelii
under the name Tretosternon bakewelli.
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Dollo (1884) originally based Peltochelys duchastelii on
three specimens, of which two are juveniles. A century later,
Meylan (1988) designated the adult specimen as the lecto-
type, as he noted that a previously undescribed third juvenile
differs from the adult in the number of peripherals. In particu-
lar, he noted that the third juvenile has 11 pairs of peripherals,
of which the most anterior closely approximate each other,
while the adult appears to have only 10 pairs of peripherals.
Pérez-Garcia (2011) agreed with this conclusion but noted
that the unfigured juvenile of Meylan (1988) appears to be
lost. Pérez-Garcia (2015) soon after described two additional
juvenile specimens but concluded that all available juvenile
material, to the exclusion of the now lost specimen of Mey-
lan (1988), may reasonably represent Peltochelys duchastelii
after all.

Karl et al. (2012) expanded the known stratigraphic range
of Peltochelys duchastelii by referring new and previously
described specimens from the Late Jurassic (Kimmeridgian—
Tithonian) of Guimarota and Lourinha, Portugal, and the
Early Cretaceous (Berriasian) of Schaumburg-Lippe and
Biickeberg, northern Germany. These referrals, however,
were convincingly rebuffed by Pérez-Garcia (2014) and
Pérez-Garcia et al. (2015b), who noted that the Portuguese
material is only diagnostic of an indeterminate pleurosternid,
while the German material represents the pleurosternid
Dorsetochelys typocardium. Peltochelys duchastelii is there-
fore still only known from its type locality.

The phylogenetic relationships of Peltochelys duchastelii
have been under debate ever since it was discovered.
Dollo (1884) referred Peltochelys duchastelii to Pleurodira
(his Chelydes), likely based on the purported presence
of a single gular (his plaque intergulaire) and the per-
ceived lack of cryptodiran neck retraction. Lydekker and
Boulenger (1887), in contrast, concluded that Tretosternon
bakewelli (to the inclusion of Peltochelys duchastelii) has
affinities with Chelydridae, but, as outlined above, their char-
acter evidence was drawn from what is now understood to be
a chimera (Joyce et al., 2014; Joyce, 2017). Nopcsa (1928a,
b) referred Peltochelys duchastelii to Dermatemydidae (his
Dermatemydinae) but did not discuss character evidence
that would support this assessment. Hummel (1929, 1932)
noted that Peltochelys duchastelii shows dermatemydid char-
acters (i.e., presence of scutes and two suprapygals) and
carettochelyid characters (i.e., overall size and shape of
the shell, development of a preneural, and the presence
of a textured shell) and therefore suggested that it might
be the Early Cretaceous dermatemydid ancestor of caret-
tochelyids. Chkhikvadze (1975) referred this turtle to Adoci-
dae, while Nessov (1977) referred it to Nanhsiungchelyidae.
Broin (1977) noted that Peltochelys duchastelii occurs too
late in the fossil record to be considered an ancestral caret-
tochelyid. Using cladistic arguments, Meylan (1988) hypoth-
esized that Peltochelys duchastelii is the immediate sister to
Trionychia based on the presence of 10 pairs of peripherals
and paired ventral processes on the nuchal, two character-
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istics that are otherwise only known to occur in combina-
tion in carettochelyids. All subsequent analyses agree that
Peltochelys duchastelii is a pan-trionychian, but there is mi-
nor disagreement as to whether it is the most basal represen-
tative of the lineage (e.g., Brinkman, 1998), the immediate
sister to Trionychia (Meylan and Gaffney, 1989; Brinkman
and Peng, 1996; Joyce, 2007; Perez-Garcia, 2011), or placed
within Carettochelyidae (e.g., Lapparent de Broin, 2001). As
the basal evolution of Pan-Trionychia otherwise mostly oc-
curred in Asia, either placement implies independent disper-
sal of the Peltochelys duchastelii lineage from Asia to Europe
(Danilov, 2005). Finally, Danilov et al. (2017) summarized
this uncertainty by classifying Peltochelys duchastelii as a
eucryptodire of uncertain affinities.

Peltochelys duchastelii is arguably the best figured Early
Cretaceous turtle worldwide. Dollo (1884, pl. 2) furnished
photographs of the full type series in dorsal and ventral
view. Hummel (1929, fig. 2) provided interpretive line draw-
ings of the lectotype in dorsal and ventral view, which were
redrawn by Mtynarski (1976, fig. 60.1), though under the
name Tretosternon bakewelli. Meylan (1988, figs. 3, 4) cre-
ated new photographs and interpretative line drawings of
the lectotype, of which the line drawings were redrawn by
Danilov (2005) and Karl et al. (2007). The full type series
was once again rephotographed and re-illustrated by Pérez-
Garcia (2011, figs. 1-3). Although all available illustrations
of the lectotype greatly resemble one another, they differ in
regard to some key features of great systematic value. The
purpose of this contribution is to provide yet another inter-
pretation of the morphology of Peltochelys duchastelii and
to propose the novel hypothesis that this enigmatic turtle is
an unusual paracryptodire, not a representative of the pan-
trionychian lineage.

2 Systematic paleontology
Testudinata Batsch, 1788
Paracryptodira Gaffney, 1975
Compsemydidae Pérez-Garcia et al., 2015b

Peltochelys duchastelii Dollo, 1884

Type specimen

IRSNB Ct.R.16, lectotype, a near complete shell (Dollo,
1884, pl. 2.1-2; Hummel, 1929, fig. 2; Meylan, 1988, figs. 3,
4; Pérez-Garcfa, 2011, fig. 1; Fig. 1).

Type locality and stratum

Bernissart, Hainault Province, Belgium (Dollo, 1884);
Sainte-Barbe  Formation, Early Cretaceous (middle
Barremian—early Aptian) (Yans et al., 2005).
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(b)

Figure 1. IRSNB Ct.R.16, lectotype, Peltochelys duchastelii, Early Cretaceous (middle Barremian—early Aptian) Sainte-Barbe Formation of
Bernissart, Hainault Province, Belgium. Photographs and line drawings in (a) dorsal and (b) ventral view. Arabic numerals denote the neural
elements. Abbreviations: Ab, abdominal scute; An, anal scute; co, costal; EG, extragular; ent, entoplastron; epi, epiplastron; Fe, femoral
scute; Gu, gular scute; Hu, humeral scute; hyo, hyoplastron; hyp, hypoplastron; IM, inframarginal scute; Ma, marginal scutes; nu, nuchal;
Pe, pectoral scutes; per, peripheral; Pl, pleural scutes; py, pygal; sp, suprapygal; Ve, vertebral scute; xi, Xiphiplastron.
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Diagnosis

Peltochelys duchastelii can be diagnosed as a representative
of Compsemydidae, a clade of paracryptodires, by the pres-
ence of a finely textured shell, a sutured bridge, and a sin-
uous plastral midline sulcus; absence of a contact between
peripheral 1 and costal 1; and the withdrawal of the nuchal
from the anterior margin of the shell resulting from a mid-
line contact of peripherals 1. Within Compsemydidae, Pel-
tochelys duchastelii is most readily diagnosed by a clear
contact of costal 8 with peripheral 11 (likely absent in Ri-
odevemys inumbragigas), a point contact of vertebral 1 with
marginal 3 (absent in all others), the absence of mesoplastra
(present in all others), a shallow xiphiplastral notch (deep in
Toremys cassiopeia and Compsemys spp.), and the presence
of a single gular (likely double in all others).

Referred material

Four juvenile specimens, IRSNB Ct.R.17, 18, 291, and 292
(Dollo, 1884, pl. 2.3—6; Pérez-Garcia, 2011, figs. 2, 3; Pérez-
Garcia, 2015, figs. 1, 2) from the type locality.

Description

Although the lectotype of Peltochelys duchastelii has al-
ready been photographed and/or illustrated independently
four times (Dollo, 1884; Hummel, 1929; Meylan, 1988;
Pérez-Garcia, 2011) and succinctly described three times
(Hummel, 1929; Meylan, 1988; Pérez-Garcia, 2011), we
provide yet another visual documentation of this specimen
(Fig. 1) but focus on highlighting differences in interpreta-
tion.

Carapacial bones

The lectotype of Peltochelys duchastelii possesses nine neu-
ral elements (Fig. 1). Hummel (1929) noted that a crack runs
through the anterior part of the shell and that the two ante-
rior elements may represent a single damaged neural. The
alternative interpretation is the presence of a preneural or the
presence of a well-formed supernumerary neural. We are un-
able to weigh in favor of either hypothesis because all pur-
ported sutures are covered in paint, obscuring the true nature
of the margins of these elements. To maintain the homology
of the more posterior elements, we designate the two ante-
rior ones as neural la and 1b (Fig. 1). Neural 7 displays an
unusual shape, which is suggestive of two fused neural el-
ements but also consistent with a partially obscured regular
neural. We therefore follow previous authors by counting this
as a single element. Our final count of eight neurals and a po-
tential preneural matches that of Hummel (1929) and Mey-
lan (1988) but differs from that of Pérez-Garcia (2011), who
counted nine neurals, but these differences are semantic and
not based on a deeper sense of homology.
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The preneural and neural 1 jointly form a hexagonal ele-
ment with short posterior sides. The shape of neurals 2 and
3 is somewhat unclear, as the original contacts are obscured
by movement, but we believe it is most likely that neural 2 is
rectangular, while neural 3 is hexagonal with short anterior
sides. Neurals 4-6 are clearly hexagonal with short anterior
sides, neural 7 is octagonal with short anterior and posterior
sides, and neural 8 is an irregular element with four contacts
with the surrounding bones.

There is agreement that the lectotype of Peltochelys
duchastelii includes eight pairs of costal elements that lack a
midline contact (Fig. 1). As a trend, these elements decrease
in anteroposterior length from costal 1 to costal 8. The an-
terior two elements expand distally and are oriented to the
anterior. Costal 3 is rectangular and oriented laterally. The
posterior five costal elements are slightly expanded distally
and are increasingly oriented posteriorly. In our interpreta-
tion of the peripheral series (see below), costal 1 lacks a con-
tact with peripheral 1 but contacts peripherals 2 and 3. The
remaining costals each have two contacts with the remaining
peripheral series, including a clear contact of costal 8 with
peripheral 11, as documented on the right side of the speci-
men.

The lectotype of Peltochelys duchastelii possesses two dis-
tinct suprapygal elements (Fig. 1). Suprapygal 1 is a large,
trapezoidal element with a short anterior contact with neu-
ral 8, two elongate lateral contacts with costal 8 and a broad,
convex posterior contact with suprapygal 2. Suprapygal 2 is
a lenticular element that has a convex anterior contact with
suprapygal 1, a short anterolateral contact with costal 8§, and
three similarly sized posterior contacts with peripherals 11
and the pygal. The pygal is rectangular.

Substantial differences exist in the interpretation of the
nuchal and the peripheral series, which we justify more ex-
tensively in the Discussion below. We side with Dollo (1884)
and Hummel (1929) by recognizing the presence of 11 pairs
of peripherals, but we go further by concluding that the
nuchal did not contribute to the margin of the shell. In our
interpretation, the nuchal is a heptagonal element that has a
broad anterolateral contact with peripheral 1, a short lateral
contact with peripheral 2, an elongate posterolateral contact
with costal I, and a short posterior contact with neural 1a.
The point at the anterior margin of the slightly displaced
nuchal suggests that this element did not contribute to the
anterior margin of the shell. The alternative interpretation
of Meylan (1988) and Pérez-Garcia (2011) suggests that the
nuchal contributes broadly to the anterior margin of the shell,
the plesiomorphic condition for turtles. In contrast to Mey-
lan (1988), we are unable to find paired nuchal processes in
the lectotype of Peltochelys duchastelii, in part because the
visceral side of the nuchal is covered from view. This agrees
with the observations made by Pérez-Garcia (2011), who also
was unable to find any structures on the visceral side of the
nuchal.
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In our interpretation of the peripheral series, peripheral 1
is damaged, but the remaining triangular part of the bone
highlights a broad posteromedial contact with the nuchal, the
absence of a contact with costal 1, and a clear posterolat-
eral contact with peripheral 2 (Fig. 1). The pointed tip of
the nuchal suggests that peripheral 1 had a midline contact
with its counterpart, but its depth would have depended on
the presence of a nuchal notch. The remaining 10 pairs of
peripherals form a continuous ring that surrounds the central
carapacial disk.

Carapacial scutes

The carapace of Peltochelys duchastelii is covered by 5 ver-
tebrals, 4 pairs of pleurals, and at least 11 pairs of marginals
(Fig. 1). The anterior margin of the shell is damaged, obscur-
ing the likely presence of another pair of marginals and per-
haps also a cervical. To maintain homology with other turtles,
we label the most anterior preserved marginal as marginal 2,
which results in a count of 12 pairs of marginals. The in-
terpretation is supported by external observations. In partic-
ular, the interpleural sulci of the pleurals laterally contact
marginals 5, 7, and 9, as in all other turtles, including those
with 11 pairs of marginals. The alternative interpretation, as
suggested but not explicitly discussed by Meylan (1988) or
Pérez-Garcia (2011), in contrast, suggests highly apomor-
phic contacts of the interpleural sulci with marginals 4, 6,
and 8.

Vertebral 1 is the broadest vertebral element and therefore
clearly covers the median portions of peripheral 2 (Fig. 1).
It has a broad lateral contact with marginal 2, a broad pos-
terolateral contact with pleural 1, a broad posterior contact
with vertebral 2, and an unusual lateral point contact with
marginal 3. Possible contacts with marginal 1 and the cervi-
cal, if present, are obscured by damage. Vertebrals 2—4 have
irregular hexagonal outlines created by their sinuous lateral
margins with the pleurals. They are narrower than vertebral 1
and decrease in width from anterior to posterior. Vertebral 5
is a heptagonal element that is about as wide as vertebral 2. It
has an anterolateral contact with pleural 4 and similarly sized
posterior contacts with marginals 11 and 12. In our counting
system, the intervertebral sulci are located at neurals 1, 3, and
6, and suprapygal 1 and the interpleural sulci are located as
costals 2, 4, 6, and 8. As suggested above, the interpleural
sulci run laterally into marginals 5, 7, and 9. The marginals
are narrow elements that do not cover the costals or suprapy-
gals.

Plastral bones

There is full agreement that Peltochelys duchastelii lacks
mesoplastra (Fig. 1). The plastron therefore consists of an en-
toplastron and paired epiplastra, hyoplastra, hypoplastra, and
xiphiplastra. The anterior plastral lobe has a straight anterior
margin and covers much of the anterior carapacial opening.
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The posterior plastral lobe is narrower than the anterior plas-
tral lobe and only partially covers the posterior carapacial
opening. A rounded, shallow anal notch is present. Neither
lobe shows signs of kinesis.

The buttresses are visible on the left side of the lecto-
type, but disarticulation and crushing obscure their contacts
(Fig. 1). We therefore conclude that the axillary buttresses are
well developed and likely contacted the costals but also that
the contacts with the peripherals are unclear. A lack of a su-
tural articulation site at peripheral 8 further suggests that the
inguinal buttress only reached peripheral 7, but it is unclear
if it reached the overlying costals as well. Previous authors
did not discuss the contacts of the bridge explicitly.

Plastral scutes

There is disagreement in the number of plastral scales for
Peltochelys duchastelii. All authors agree that this turtle
possesses paired extragulars, humerals, pectorals, abdomi-
nals, femorals, and anals, but while Hummel (1929) and
Meylan (1988) suggest the presence of a single, median gu-
lar, Pérez-Garcia (2011) reconstructs the presence of highly
asymmetric, paired gulars. In our opinion, the gular—gular
sulcus highlighted by Pérez-Garcia (2011) resembles one of
many cracks that run through the anterior plastral lobe. We
therefore side here with Hummel (1929) and Meylan (1988).
Our observations otherwise fully agree with those of pre-
vious authors: the midline sulcus is sinuous along its full
length, the extragulars are triangular elements that do not
cover the entoplastron and hyoplastron, the gular is a broad
element that laps onto the anterior tip of the entoplastron,
the humeral-pectoral sulcus is located far behind the ento-
plastron, the abdominal contributes to the inguinal notch, and
the anals are clearly restricted to the xiphiplastra (Fig. 1). At
least three pairs of inframarginals are present, of which the
first contacts the pectoral, the second covers the hyoplastral—
hypoplastral suture and contacts the pectoral and abdominal,
and the third contacts the abdominal.

3 Phylogenetic analysis

To investigate the phylogenetic relationships of Peltochelys
duchastelii, we inserted it into modifications of the three
analyses employed by Lyson and Joyce (2011) to investigate
the placement of Compsemys victa.

The first analysis, which is based on the matrix of Gaffney
et al. (2007), was expanded to include Peltochelys duchastelii
(see Supplement) and then subjected to a parsimony analy-
sis using TNT (Goloboff et al., 2008) with standard protocols
(i.e., 1000 random addition sequences followed by a round of
tree bisection reconnection). The composite terminal taxon
“Synapsida/Diapsida” was maintained as the outgroup. A
light implied weight with a k value of 12 was employed fol-
lowing the recommendations of Goloboff et al. (2018). A
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summary of the resulting single most parsimonious tree with
a length of 7.04066 is provided in Fig. 2a.

The second analysis, which is based on the matrix of
Joyce (2007), already included Peltochelys duchastelii, but
its scoring was corrected following the observations made
herein (see Supplement). These changes mostly overlap with
those implemented by Pérez-Garcia (2011) for the same ma-
trix. Two new characters were added to the analysis (137,
peripheral 1 and costal 1 contact, 0 = present, 1 = absent;
138, contribution of nuchal to margin of shell, 0 = present,
1 = absent). The same settings were used for the parsimony
analysis as for the first analysis, but 15 characters were or-
dered (7, 27, 33, 35, 54, 60, 61, 65, 68, 71, 85, 98, 120, 133,
and 134). The hypothetical ancestor was maintained as the
outgroup. A summary of the strict consensus of the 27 most
parsimonious solutions with a length of 13.43147 is provided
in Fig. 2b.

As the first two analysis suggest paracryptodire relation-
ships for Peltochelys duchastelii in a global context, we
added this taxon to the paracryptodire matrix of Lyson and
Joyce (2011). In addition to Peltochelys duchastelii, the
matrix was expanded to include Compsemys (Berruchelus)
russelli from the Paleocene of France, as described by
Pérez-Garcia (2012); Riodevemys inumbragigas from the
Early Cretaceous of Spain, as described by Pérez-Garcia et
al. (2015a); Selenemys lusitanica from the Late Jurassic of
Portugal, as described by Pérez-Garcia and Ortega (2011);
and Toremys cassiopeia from the Early Cretaceous of Spain,
as described by Pérez-Garcia et al. (2015b). The scoring
of Dorsetochelys typocardium was updated following Pérez-
Garcia (2014). Characters 42, 43, 49, and 51 (formerly 52)
were expanded to consist of three character states that can
be ordered (character 42: 0 = mesoplastra present with mid-
line contact; 1 =mesoplastra present, but midline contact
absent; 2 =mesoplastra absent; character 43: 0= cervicals
absent; 1 =one cervical present; 2 =two or more cervicals
present; character 49: 0 =the anterior margin of marginal
1 mostly covers the nuchal; 1=the anterior margin of
marginal 1 evenly straddles the nuchal and peripheral 1 su-
ture; 2 = the anterior margin of marginal 1 mostly covers pe-
ripheral 1; character 51: gulars much smaller than extrag-
ulars; 1=gulars similar in size to extragulars; 2= gulars
much larger than extragulars). Eight characters were omit-
ted from the analysis, as they were originally formulated to
resolve relationships deep within Baenidae and are inappli-
cable to the base of Paracryptodira (characters 50, 55, 59, 60,
100, 101, 103, and 105 of Lyson and Joyce, 2011). Many
of these changes resemble those implemented by Pérez-
Garcia (2012) and Pérez-Garcia et al. (2015a, b) for the
same matrix, but numerous differences remain. Our matrix
is therefore a somewhat independent, though related, analy-
sis to those of Pérez-Garcia et al. (2015a, b). The final ma-
trix (see Supplement) was subjected to a parsimony analysis
using the same settings as the first two analyses, including
implied weighting, but 15 characters were run ordered (6,
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14, 16, 18, 28, 33, 36, 42, 43, 44, 49, 51, 63, 66, and 101).
Proganochelys quenstedtii was selected as the outgroup. An
extract of the single most parsimonious solution with a length
of 9.22411 is provided in Fig. 2c.

4 Discussion
4.1 Morphology

Our interpretation of the shell of the lectotype of Peltochelys
duchastelii differs substantially from the recent ones pro-
vided by Meylan (1988) and Pérez-Garcia (2011), most im-
portantly in regards to the nuchal, the peripheral series, and
the marginals. Unfortunately, these differences are mostly a
result of the preservation of this specimen because it is flat-
tened, many bones are fractured and have shifted slightly
from their original positions, and it was painted in the 19th
century to highlight the sulci and sutures in the photographs
that accompany the descriptions of Dollo (1884). As we can-
not discount the possibility that our observations are erro-
neous, we here highlight several lines of evidence that pro-
vide external support for our interpretation. We order these
from the strongest to the weakest.

1. To our knowledge, costal rib 1 inserts laterally into pe-
ripheral 3 in all crown turtles with a generalized shell,
even in those with 10 peripherals. In the interpreta-
tion of Meylan (1988) and Pérez-Garcia (2011), Pel-
tochelys duchastelii would be the lone exception to this
rule in that costal rib 1 would insert laterally into pe-
ripheral 2. In our interpretation, by contrast, Peltochelys
duchastelii is consistent with all other turtles by having
costal rib 1 insert laterally into peripheral 3.

2. To our knowledge, the interpleural sulci of all crown
turtles with a generalized shell insert distally into
marginals 5, 7, 9, even in those turtles that only have
10 pairs of marginals. The alternative interpretations of
Meylan (1988) and Pérez-Garcia (2011), by contrast,
suggest the apomorphic contact of the interpleural sulci
with marginals 4, 6, and 8. Although we cannot observe
marginal 1 in the lectotype of Peltochelys duchastelii,
as the relevant portion of the shell is not preserved, the
presence of 11 peripherals calls for the presence of 12
marginals, of which marginals 5, 7, and 9 contact the
interpleural sulci.

3. The bones of the carapace of most turtles usually con-
tact one another along straight sutures, of which three
typically converge at obtuse angles upon points which
resemble triple junctions formed by tectonic plates. As a
result, most bones can be conceptualized as non-convex
polygons. In the interpretation of Meylan (1988) and
Pérez-Garcia (2011), the nuchal is laterally notched to
hold what they interpret as the first peripheral, a mor-
phology not seen in any other turtle. In our interpreta-
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a . b .
@) Proganochelys quenstedti (b) Proganochelys quenstedti
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Figure 2. The results of three separate phylogenetic hypotheses that include Peltochelys duchastelii. (a) The single most parsimonious tree
with a length of 7.04066 resulting from the expanded analysis of Gaffney et al. (2007). (b) The strict consensus of the 27 most parsimonious
solutions with a length of 13.43147 resulting from the updated analysis of Joyce (2007). (¢) A time-calibrated extract of the single most
parsimonious solution with a length of 9.22411 resulting from the expanded analysis of Lyson and Joyce (2011). The range of North
American taxa is highlighted in blue and that of European taxa is highlighted in red.
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tion, by contrast, peripheral 1 forms a straight contact
with peripheral 2 and peripheral 2 forms a straight con-
tact with the nuchal. As a result, the nuchal is a non-
convex polygon in our interpretation.

4. Our interpretation is made plausible by the existence of
similar arrangements to the nuchal and anterior periph-
erals in the broadly coeval paracryptodires Compsemys
(Berruchelus) russelli (Pérez-Garcia, 2012), Compse-
mys victa (Gilmore, 1919), Selenemys lusitanica (Pérez-
Garcia and Ortega, 2011), Toremys cassiopeia (Pérez-
Garcia et al., 2015a), and the taxonomically problem-
atic Kallokibotion bajazidi (Pérez-Garcia and Codrea,
2018). We therefore are not suggesting a unique mor-
phology, just one that differs from previous interpreta-
tions.

5. The observation that peripherals 1 contact one an-
other anterior to the nuchal was independently re-
ported by Meylan (1988) for the now lost juvenile from
Bernissart. This suggests that our interpretation is not
foreign to turtles from this locality.

6. Our interpretation overlaps with that of the person,
likely Dollo (1884), who painted the specimen towards
the end of the 19th century. This is relevant, as this per-
son was the last to see the specimen with uncovered su-
tures.

7. Last, but not least, Dollo (1884) highlighted that the
necks of the juveniles from Bernissart show a lat-
eral bend more consistent with pleurodires. Lateral
head motion is also consistent with paracryptodires
(Werneburg et al., 2015) but not with crown cryp-
todires, in particular pan-trionychians, which show a
hyper-specialized cryptodiran neck motion (Meylan and
Gaffney, 1989).

In conclusion, although we cannot guarantee that our inter-
pretation is without errors, numerous lines of evidence high-
light that our hypothesis is highly plausible. The ultimate
test, however, will be the discovery of new, better preserved
material, which independently weigh in favor of one over the
other hypothesis.

4.2 Alpha taxonomy

The Early Cretaceous locality of Bernissart has yielded a
total of five fossil turtles that we here refer to Peltochelys
duchastelli. The shell of the lectotype (Fig. 1) overall re-
sembles that of many other river and pond turtles, no-
tably paracryptodires, pleurodires, adocids, and testudinoids,
by being oval and having broad plastral lobes with well-
developed axillary buttress. A unique combination of char-
acters, in particular the retracted nuchal combined with a
lack of mesoplastra, clearly distinguishes this taxon from
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all other known turtles. The validity of this species is there-
fore unproblematic. Dollo (1884) and Pérez-Garcia (2015)
reported four juvenile specimens from Bernissart that only
display a few anatomical features. However, as the avail-
able morphology is consistent with Peltochelys duchastelii,
we here agree with Pérez-Garcia (2015) that all four can be
referred to this species using spatial and temporal considera-
tions. Meylan (1988) reported the presence of a fifth juvenile
from Bernissart but concluded that it is not referable to Pel-
tochelys duchastelii as the peripherals excluded the nuchal
from the anterior margin of the shell. Although this speci-
men was never figured and has since been reported to be lost
(Pérez-Garcia, 2011, 2015), the limited character evidence
supports referral to Peltochelys duchastelii after all, while
confirming the veracity of the observation we make for the
lectotype. We therefore agree here with Pérez-Garcia (2014)
and Pérez-Garcia et al. (2015b) that Peltochelys duchastelii
is restricted to Bernissart for the moment.

4.3 Phylogenetic relationships

Over the course of the last century, Peltochelys duchastelii
has been argued to be a pleurodire (Dollo, 1884), a chelydrid
(Lydekker and Boulenger, 1887), a dermatemydid (Nopcsa,
1928a, b), a stem carettochelyid (Hummel, 1929, 1932;
Lapparent de Broin, 2001), an adocusian (Chkhikvadze,
1975; Nessov, 1977), or a stem trionychian (Meylan, 1988;
Brinkman, 1998; Meylan and Gaftney, 1989; Brinkman and
Peng, 1996; Joyce, 2007; Perez-Garcia, 2011) but has never
been associated with paracryptodires. This is somewhat sur-
prising, as Cretaceous sediments in Europe are dominated
by paracryptodires (Joyce and Anquetin, 2019), and the tex-
tured shell of Peltochelys duchastelii globally resembles that
of other paracryptodires. We are unable to reconstruct the
thought process of past researchers, as none discussed a pos-
sible link with paracryptodires explicitly or extensively, but
we speculate upon an overreliance on “key characters”: in
this case the absence of mesoplastra. These bones symple-
siomorphically occur at the base of Testudinata but were lost
independently at least three times, in particular along the
stem lineages of Chelidae and Cryptodira (Gaffney et al.,
1991; Joyce, 2007) but also within Meiolaniformes (Sterli et
al., 2015). The consistent presence or absence of mesoplas-
tra in most groups of turtles renders this bone a useful initial
guide in establishing phylogenetic relationships, but an over-
reliance on this character appears to have misled researchers
in the past.

To assess the phylogenetic relationships of Peltochelys
duchastelii, we followed the protocols of Lyson and
Joyce (2011) for their analysis of Compsemys victa by first
inserting this turtle into the global turtle matrices of Gaffney
et al. (2007) and Joyce (2007). In both cases, the analysis
retrieved Peltochelys duchastelii as the sister to Compsemys
victa within Paracryptodira, mostly based on the presence
of a sinuous plastral midline sulcus, a sutured bridge, ab-
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sence of a contact between peripheral 1 and costal 1, and
the withdrawal of the nuchal from the anterior margin of
the shell. As we find the listed similarities with Compsemys
victa, an uncontroversial paracryptodire, to be of particular
relevance, we further expanded the paracryptodire analysis
of Lyson and Joyce (2011) to all named Cretaceous paracryp-
todires from Europe in addition to Peltochelys duchastelii.
The resulting matrix is similar but not identical to that of
Pérez-Garcia et al. (2015a, b). The analysis nevertheless re-
trieves a tree that greatly differs from that of Pérez-Garcia et
al. (2015a, b), by recognizing a basal clade of mostly Euro-
pean paracryptodires consisting of the Late Jurassic Selene-
mys lusitanica and Riodevemys inumbragigas, the Early Cre-
taceous Peltochelys duchastelii, and the Late Cretaceous to
Paleogene Compsemys russelli and Compsemys victa. The
full clade is diagnosed by the presence of a sinuous plastral
midline sulcus. The clade that excludes Riodevemys inum-
bragigas is united by the absence of cervicals, the related ex-
pansion of marginal 1 onto the nuchal, a midline contact of
peripherals 1 resulting in a withdrawal of the nuchal from the
margin of the shell, and loss of a contact between peripheral 1
and costal 1. The clade consisting of Peltochelys duchastelii
and both species of Compsemys is united by square vertebral
scutes. Peltochelys duchastelii is excluded from the Compse-
mys clade by lacking enlarged gulars and a deep xiphiplas-
tral notch. The placement of Peltochelys duchastelii within
Paracryptodira is therefore based on a series of characters
that are otherwise unknown in turtles, in particular the ar-
rangement of the bones and scutes in the nuchal area. Natu-
rally, all of our conclusions are based on our novel interpre-
tation of the lectotype specimen.

4.4 Peltochelyidae versus Compsemydidae

Two names exist that could be applied to the clade that
includes Compsemys: Peltochelyidae and Compsemydidae.
The term Peltochelyidae was initially created by See-
ley (1880) to unite all turtles with a “granular surface struc-
ture”, in particular Trionychidae. As Peltochelys was not
named until a few years later (Dollo, 1884), Seeley (1880)
did not create an available name, as the ICZN (1999) de-
mands that a new family name created prior to 1931 be at
least based on an available genus name. The conclusion that
Seeley (1880) is the author of Peltochelyidae, as first sug-
gested by Lapparent de Broin (2001), is therefore not cor-
rect. Boulenger (1889) listed Peltochelyidae as a synonym
of Pleurodira and Trionychidae, and Hay (1902) listed it as
a synonym of Trionychia. As both authors did not believe
this taxon to be valid, these authors did not make this name
available as well, as the ICZN (1999) demands that all new
names be used as valid to be made available. The name Pel-
tochelyidae is used for the first time as valid for the group
of turtles that includes Peltochelys duchastelii by Lapparent
de Broin (2001), followed, among others, by Danilov (2005)
and Karl et al. (2007, 2012). To avoid the unintentional nam-
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ing of new family names, the ICZN (1999) demands that
family names created after 1999 are explicitly highlighted
as such. As none of these newer contributions suggest the
creation of a new family name, Peltochelyidae remains un-
available to date. The term Compsemyidae was introduced
by Zangerl (1969), likely for Compsemys victa, but as the
term is neither associated with a definition nor an indication,
it cannot be considered available. The name Compsemydi-
dae, by contrast, was explicitly introduced as a new family
name by Pérez-Garcia et al. (2015b). We therefore here in-
formally convert this name to the most inclusive group of tur-
tles that includes Compsemys victa but not the baenid Baena
arenosa Leidy, 1870, the pleurosternid Pleurosternon bul-
lockii (Owen, 1842), or any extant turtle.

4.5 Biogeographic considerations

In addition to the strong character evidence listed above,
the newly recognized compsemydid clade that includes Pel-
tochelys duchastelii is also supported by temporal and bio-
geographic considerations, as it mostly unites continental tur-
tles from the Late Jurassic to Paleogene of western Europe
and suggests that Peltochelys duchastelii originated in situ.
The sole exception to the rule is Compsemys victa, which
is known from Campanian to Paleogene sediments across
Laramidia (Lyson and Joyce, 2011). As Compsemys victa
had initially been reported from North America, recent bio-
geographic models suggested that it is indigenous to this con-
tinent but immigrated to Europe using the Thulean route,
together with many other faunal elements (Brikiatis, 2014),
following the K-T extinction event, to give rise to Compse-
mys russelli (Pérez-Garcia, 2012). The most parsimonious
interpretation of our cladogram, by contrast, suggests that the
Compsemys lineage is indigenous to Europe instead and that
the ancestor of Compsemys victa immigrated from there to
North America prior to the Campanian. The proposed mi-
gration, however, is inconsistent with the movement of other
taxa at the time, and suggests overcoming multiple barriers,
in particular the North Atlantic and the Western Interior Sea-
way.

A less parsimonious possibility remains that is neverthe-
less broadly consistent with the fossil record. It is possible
that the immediate Compsemys lineage extends to the Juras-
sic of Euramerica, only survived in North America following
the opening of the North Atlantic, and then immigrated to
Europe following the K-T boundary event, as previously pro-
posed. This interpretation is supported by previous insights
into the vicariance of paracryptodires (Hirayama et al., 2000;
Joyce et al., 2016), commonly used dispersal routes (Briki-
atis, 2014; Joyce et al., 2016), and the presence of Late Juras-
sic compsemydids, such as Selenemys lusitanica.

Data availability. The character/taxon matrices using in this study
are available in the Supplement.
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