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A taxonomic revision of the Cenomanian bothremydid turtle
Algorachelus parva from Israel
and morphological variation within its genus

Adan Pérez-Garcia

ABSTRACT

The bothremydid turtle Algorachelus is identified as the oldest lineage of pelome-
dusoid turtles (Pleurodira) that dispersed from Gondwanan to Laurasian regions. It is
recognized in the Cenomanian (lowermost Upper Cretaceous) of the Middle East (in
Israel), Europe (in the Iberian Peninsula), and North America (in Utah). The European
and North American species were identified and defined less than 10 years ago. How-
ever, two putative different species, originally attributable to the genus Podocnemis
(i.e., a member of Podocnemididae now identified as exclusive to South America),
were defined in the lower or middle Cenomanian levels of the ‘Ein Yabrud limestone
quarry (Binyamin Region, West Bank, Israel). Over almost 50 years, no new data on
the Cenomanian taxon or taxa of Bothremydidae from Israel have been published. A
detailed first-hand review of the previously documented material is presented here.
Several errors in the anatomical interpretation of these specimens are corrected.
Unpublished articulated and well-preserved specimens from the type locality are ana-
lyzed. Characters not yet defined for the bothremydid or bothremydids from Israel, but
essential for the comparison with those of Europe and North America, are studied. In
addition, several anatomical regions hitherto not analyzed for the Israeli material, some
of them being poorly known for Algorachelus (such as the skull) or never documented
for this genus (such as the lower jaw), are analyzed. The presence of a single species
in Israel is justified, being recognized as Algorachelus parva. Intraspecific variability is
recognized. An emended diagnosis is proposed for this species, which belongs to a
remarkably successful lineage of pleurodires that is characterized by its long per-
sistence and multicontinental geographic range.
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INTRODUCTION

Bothremydidae is the most abundant and
diverse group of pleurodiran turtles known from the
Mesozoic fossil record (Lapparent de Broin, 2001;
Gaffney et al, 2006; Pérez-Garcia, 2017).
Although most pleurodires are recognized as fresh-
water species (as in all current representatives),
the adaptation of several of their lineages to transi-
tional, coastal and even open marine environ-
ments, facilitated their dispersal from areas that
had been part of Gondwana to Laurasian regions
(Broin, 1988; Gaffney et al., 2011; Ferreira et al.,
2015; Pérez-Garcia et al., 2017a; Pérez-Garcia,
2023). Thus, the oldest lineage of bothremydids
recognized in Laurasia is that of Algorachelus
Pérez-Garcia, 2016, which reached Europe at
least in the early Cenomanian, probably at the end
of the Early Cretaceous; and North America at
least in the late Cenomanian, thanks to its adapta-
tion to coastal environments (Pérez-Garcia, 2016;
Pérez-Garcia and Rubio, 2024). The description of
European (Algorachelus peregrina Pérez-Garcia,
2016) and North American species [Algorachelus
tibert (Joyce, Lyson and Kirkland, 2016)] was pub-
lished in the last decade, from fossil specimens
analyzed in detail (Pérez-Garcia, 2016; Joyce et
al., 2016). Algorachelus is also identified in areas
that formerly belonged to Gondwana and is identi-
fied here as corresponding to finds from the lower
or middle Cenomanian ‘Ein Yabrud quarry in Israel
(Pérez-Garcia, 2018), where a relatively diverse
vertebrate fauna has been recognized, among
which the reptiles are not only represented by this
turtle but also by a mosasaur and some hind-
limbed snakes (see Khalloufi et al., 2010; and ref-
erences therein). In contrast to the North American
and especially the European Algorachelus species,
knowledge of the lIsraeli material (constrained to
Haas, 1978a, b) does not taxonomically align with
modern taxonomic understanding of Bothre-
mydidae. In fact, the Israeli form has not been for-
mally attributed to a bothremydid genus, but rather
two species of the podocnemidid genus Podoc-
nemis, which has modern representatives (Gaffney
et al.,, 2011; Ferreira et al.,, 2018; Cadena and
Vanegas, 2023).

In their review of the lineage of Bothre-
mydidae, Gaffney et al. (2006) recognized that, fol-
lowing the ideas proposed by some previous
authors (Antunes and Broin, 1988; Broin, 1988;
Lapparent de Broin and Werner, 1998), both Israeli
species (i.e., ‘Podocnemis’ parva Haas, 1978a,
and ‘Podocnemis judaea’ Haas, 1978b) could form
part of the variability of a single taxon. However,
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the material was not re-examined critically or ade-
quately characterized and were attributed to Both-
remydini incertae sedis (Gaffney et al., 2006). After
the description of the oldest genus of Bothre-
mydidae in Laurasia (i.e., Algorachelus), based on
specimens from the uppermost middle or lower-
most upper Cenomanian fossil site of Algora, in
central Spain (Pérez-Garcia, 2016), and its subse-
quent identification in other Iberian localities (i.e.,
the middle Cenomanian locality of Nazaré, in west
central Portugal; Pérez-Garcia et al., 2017b), both
the North American species Paiutemys tibert
Joyce, Lyson and Kirkland, 2016 and the afore-
mentioned material from Israel presented by Haas
(1978a, 1978b) were reassigned to Algorachelus.
This decision was consistent with the view of Gaff-
ney et al. (2006) wherein the Israeli material did not
belong to a bothremydid genus known at the time,
despite having been referred to Bothremys by
other workers (Antunes and Broin, 1988; Lappar-
ent de Broin and Werner, 1998). However, no new
data on the turtles from Israel have been provided
so far, although they were justified as attributable
to a single species by Pérez-Garcia (2016), i.e.,
Algorachelus parva (Haas, 1978a), exclusively
based on the information published by Haas
(1978a, 1978b).

There is currently no valid diagnosis for Algor-
achelus parva. Thus, Pérez-Garcia (2018) only
indicated some potential differences with other
species of the genus. However, it is possible that at
least some of them may be based on erroneous
data or problematic interpretations provided in the
works of Haas (1978a, 1978b), or on characters
that may demonstrate intraspecific variability con-
sidering new specimens. The objective of this work
is a detailed study of the pleurodiran specimens
from ‘Ein Yabrud, based on the first-hand examina-
tion of all previously documented specimens and
the study of unpublished ones. The current analy-
sis expands our knowledge of the only known
Gondwanan species of Algorachelus, the earliest
dispersing turtle in Laurasia (Pérez-Garcia, 2016,
2018).

MATERIAL AND METHODS

The detailed review of the pleurodiran speci-
mens from ‘Ein Yabrud presented by Haas (1978a,
1978b) is performed here, based on the first-hand
examination of all of them. Thus, it is intended to
provide new anatomical data on the shell of the
species from the lower or middle Cenomanian of
Israel, which will help both its characterization and
the recognition of intraspecific variability. Further-



more, almost five decades after the original identifi-
cation of these remains, unpublished specimens of
Algorachelus parva have been recognized in ‘Ein
Yabrud, and some of them are very well-preserved.
They are presented and analyzed here.

In addition to the shell, data on the skull of
Algorachelus parva is provided here for the first
time. Cranial information on the genus Algora-
chelus is currently limited to a partial skull of the
Iberian Algorachelus peregrina (specimen ALG 64)
which is lacking its anterior region (Pérez-Garcia,
2016).

Institutional and Collection Abbreviations

ALG, Algora collection, deposited in the
Museo de Paleontologia de Castilla-La Mancha,
Cuenca, Spain; EY, ‘Ein Yabrud Collection of the
Paleontological Collection of The Hebrew Univer-
sity of Jerusalem (HUJ-PAL or HUJP), Jerusalem,
Israel.

Anatomical Abbreviations

ab, abdominal; an, anal; ang, angular; ¢, costal;
den, dentary; ep, epiplastron; ex, extragular; fe,
femoral; fr, frontal; gu, gular; hp, hypoplastron; hu,
humeral; hy, hyoplastron; ju, jugal; m, marginal;
ms, mesoplastron; mx, maxilla; nu, nuchal; op,
opisthotic; p, peripheral; pa, parietal; pc, pectoral;
pf, prefrontal; pl, pleural; pm, premaxilla; po,
postorbital; py, pygal; qu, quadrate; so, supraoccip-
ital; sp, suprapygal; sq, squamosal; v, vertebral; xi,
xiphiplastron.

SYSTEMATIC PALEONTOLOGY

Order TESTUDINES Batsch, 1788
Suborder PLEURODIRA Cope, 1864
Hyperfamily PELOMEDUSOIDES Cope, 1868
Family BOTHREMYDIDAE Baur, 1891
Tribe BOTHREMYDINI Gaffney, Tong and Meylan,
2006
Subtribe BOTHREMYDINA Gaffney, Tong and
Meylan, 2006
Genus ALGORACHELUS Pérez-Garcia, 2016

Type species. Algorachelus peregrina Pérez-
Garcia, 2016

Algorachelus parva (Haas, 1978a)

Figures 1-3
1978b Podocnemis parva; Haas, p. 169, 172,
175.
1978b Podocnemis judaea; Haas, p. 169-175,
figures 1-4.
1988 Bothremys parva; Antunes and Broin, p.

163, 165, 174, 177, 179, 182, 184-185.
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1988 Bothremys parva; Broin, p. 134.

1998 Bothremys parva; Lapparent de Broin
and Werner, p. 164, 169.

2005 ‘Podocnemis’ parva; Zalmout, Mustafa,
and Wilson, p. 158, 160, 171.

2005 ‘Podocnemis’ judaea; Zalmout, Mustafa,
and Wilson, p. 158, 160, 171.

2006 ‘Podocnemis’ judea; Gaffney, Tong, and
Meylan, p. 110.

2006 ‘Podocnemis’ parva; Gaffney, Tong, and
Meylan, p. 110, 569, 683.

2012 ‘Podocnemis parva’; Rabi, Tong, and
Botfalvai, p. 11.

2012 ‘Podocnemis judea’; Rabi, Tong, and
Botfalvai, p. 11.

2013 ‘Podocnemis’ parva; Georgalis, Velitze-
los, Velitzelos, and Kear, p. 284.

2013 ‘Podocnemis’ judea; Georgalis, Velitze-
los, Velitzelos, and Kear, p. 284.

2016 ‘Podocnemis’ parva; Pérez-Garcia, p.
710, 720-722, 726, 728.

2016 ‘Podocnemis’ parva; Joyce, Lyson, and
Kirkland, p. 6, 15-16.

2017b Algorachelus parva; Pérez-Garcia,
Antunes, Barroso-Barcenilla, Callapez,
Segura, Soares, and Torices, p. 65, 67.

2018 Algorachelus parvus; Pérez-Garcia, p.
119, 132-134.

2020 Algorachelus parva; Pérez-Garcia, p.
366.

2020 Algorachelus parva; Pérez-Garcia, Bar-
det, Fregenal-Martinez, Martin-Jiménez,
Mocho, Narvaez, Torices, and Vullo, p.
2.

2024 Algorachelus parva; Pérez-Garcia and
Rubio, p. 2-4.

Type material. The shell EY795 (Figure 1A-B) cor-
responds to the holotype of ‘Podocnemis’ parva
(referred as HUJP-Testudinata-3 by Haas 1978a),
whose photographs, in dorsal and ventral views,
were published by Haas (1978a, figures 3 and 4,
respectively), as well as a schematic representa-
tion of the complete shell of the species, especially
based on this individual (Haas, 1978a, figures 1
and 2). Three paratypes were established by Haas
(1978a): the partial carapace EY790 (Figure 1F;
referred as HUJP-Testudinata-4 by Haas 1978a),
the partial skeleton EY797 (Figures 2A-B, 3B-C;
referred as HUJP-Testudinata-2 by Haas 1978a),
and the shell EY792 (Figure 2D-E; referred as
HUJP-Testudinata-1 by Haas 1978a). Photographs
but no schematic representations of these
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FIGURE 1. Photographs (above) and schematic representations (below) of several complete and partial shells of the
bothremydid turtle Algorachelus parva, from the lower or middle Cenomanian (Late Cretaceous) of ‘Ein Yabrud quarry
(Binyamin Region, Israel). A-B, EY795 (holotype of ‘Podocnemis’ parva), in dorsal (A) and ventral (B) views. C, EY796,
in dorsal view. D-E, EY791 (holotype of ‘Podocnemis judaea’), in dorsal (D) and ventral (E) views. F, EY790 (paratype
of ‘Podocnemis’ parva), in ventral view. Lowercase abbreviations correspond to plates. The abbreviations of the scutes
are represented in capital letters.
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paratypes were published (see figure 9 for EY790,
figures 7-8 for EY797, and figures 5-6 for EY792 in
Haas, 1978a).

Other referred specimens. Four additional speci-
mens from the type locality and horizon are here
recognized as attributable to Algorachelus parva.
The shell EY791 (Figure 1D-E) corresponds to the
holotype of ‘Podocnemis judaea’ (referred as
HUJP3664 by Haas 1978b), presented both
through photographs (Haas, 1978b, figures 3 and
4) and schematic representations (Haas, 1978b,
figures 1 and 2). The shell EY796 (Figure 1C), the
partial skeleton EY793 (Figures 2C, 3A), and the
partial shell EY794 (Figure 2F) correspond to so far
unpublished specimens.

Type locality and horizon. ‘Ein Yabrud limestone
quarry, near the village of Beit Eil, Binyamin
Region, West Bank, Israel, Middle East. Bet-Meir
Formation or the slightly younger Amminadava
Formation, middle part of the Judea Group, lower
or middle Cenomanian (see Khalloufi et al., 2010;
Cawley and Kriwet, 2018; and references therein).
Emended diagnosis. Member of Algorachelus dif-
fering from the other species of this genus by: a
posterior carapace with evenly rounded, rather
than nearly straight lateral sides; subtriangular to
generally triangular first pair of marginals scutes,
with short medial margins and a short overlap on
the antero-lateral edges of the nuchal plate (cover-
ing less than half, and usually less than a third, of
its length), and lacking a medial contact (i.e., allow-
ing the first vertebral scute reaching the carapace
margin) or showing a very short contact (i.e., the
first vertebral occupying a position very close to
that margin); wide vertebrals, the second being at
least one and a half times wider than long; short
anterior plastral lobe, not reaching the anterior car-
apace margin. It shares with Algorachelus pere-
grina, but not with Algorachelus tibert, the
presence of a wider than long nuchal.
Description. All specimens referred here are rep-
resented by fully or partially articulated shells. The
maximum carapace length reached approximately
22 cm in EY796 (Figure 2C). The carapace mor-
phology varies from subrounded (Figures 1C, 2D)
to subelliptical (Figure 2C). The posterolateral mar-
gins of the carapace ranged from gently curved
(Figures 1A, 2A, C, D) to nearly straight (Figure
1C, D). A slight (Figures 1A, C; 2D) to almost
absent (Figure 2C) anterior notch, restricted to the
nuchal plate and the medial half of the first pair of
peripherals, is present on the anterior carapace
margin.
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The nuchal plate is wider than long (Figures
1A, C, D; 2A, C, D). Its anterior margin is equal or
greater than half of the maximum width of the
plate. Although the most common condition is the
presence of six neurals (Figures 1A, C; 2A, C, D),
seven may also be present (see specimen EY791
in Figure 1D). The first neural is subrectangular
(Figures 1A, C, D; 2A, C, D), and the last one is
pentagonal. The remainder are hexagonal and are
generally longer than wide, with shorter antero-lat-
eral than postero-lateral margins. Of the eight pairs
of costals, a medial contact occurs between the
sixth and the eighth in most specimens (Figures
1A, C; 2A, C, D). However, contact occurs exclu-
sively between the seventh and eighth pairs in
EY791 (Figure 1D). The suprapygal is subtriangu-
lar and approximately as wide as long (Figures 1A,
C; 2C) or slightly wider than long (Figures 1D, 2D).
The pygal plate is approximately rectangular, and
almost as wide as long.

The second vertebral scute is the widest and
at least one and a half times wider than long
(Figures 1A, C, D; 2A, C). The first vertebral con-
tacts the anterior carapace margin in EY795
(Figure 1A) or reaches a position very close to it in
others (Figures 1C; 2A, C, D). Laterally, this scute
contacts the second pair of peripherals (Figure 1A,
D) or a nearby position (Figures 1C, 2C). The con-
tact between the first and second, second and
third, third and fourth, and fourth and fifth verte-
brals is located on the first, third, fifth or sixth, and
last pair of costals, respectively (Figures 1A, C, D;
2A, C, D). The pleural scutes overlap the medial
region of the peripheral plates. The first pair of
marginals is generally subtriangular, showing a
short medial margin. The first marginal scutes are
wider than long. The overlap of these scutes on the
antero-lateral edges of the nuchal are short, equiv-
alent to less than half (Figure 2C) and even less
than a third (Figures 1D; 2D) of the length of the
plate.

In ventral view, it is observed that the anterior
plastral lobe is short, so that it does not reach the
anterior edge of the carapace (Figure 1B, E). The
anterior plastral lobe is visibly shorter than the pos-
terior lobe (Figures 1B, E; 2B). The anterior lobe is
broadly rounded but the lateral margins of the pos-
terior are nearly straight. The entoplastral morphol-
ogy varies from subhexagonal, being a third wider
than long (Figure 1B), to subrhomboidal, both
dimensions being subequal (Figures 1E, 2B). A
pair of subrounded and laterally positioned meso-
plastra are present (Figures 1B, E; 2B, E). There is
a well-developed anal notch that is more than twice
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FIGURE 2. Photographs (above) of several partial skeletons and shells of the bothremydid turtle Algorachelus parva,
from the lower or middle Cenomanian (Late Cretaceous) of ‘Ein Yabrud quarry (Binyamin Region, Israel), and sche-
matic representations (below) of the shells. A-B, EY797 (paratype of ‘Podocnemis’ parva), in dorsal (A) and ventral (B)
views. C, EY793, in dorsal view. D-E, EY792 (paratype of ‘Podocnemis’ parva), in dorsal (D) and ventral (E) views. F,
EY794, in ventral view. Lowercase abbreviations correspond to plates. The abbreviations of the scutes are repre-

sented in capital letters.
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as wide as long, and its profile is V-shaped (Figure
2B) or U-shaped (Figures 1B, E; 2E).

The length of the gular scute is variable: in
some specimens, it overlaps less than a quarter of
the maximum entoplastral length (see specimen
EY791 in Figure 1E) but can reach the pectoral
scutes in others (see specimen EY795 in Figure
1A). When the latter condition is present, the
humeral scutes lack a medial contact. The extragu-
lars are triangular and show a relatively small size
and can contact the anterior entoplastral margin
(e.g., EY795; Figure 1B). The pectorals do not
reach the epiplastra (Figures 1B, E, F; 2B, F).
However, they can overlap the anterior region of
the mesoplastra (e.g., Figure 1B, E). A relatively
long distance is observed between the anal scutes
and the hypoplastra.

The skull is preserved in two individuals of
Algorachelus parva studied herein (EY793 and
EY797; Figures 2A-C; 3). They are exposed from
the matrixin dorsal view (Figure 3A, B). Both are
dorsoventrally crushed. However, the skull is inter-
preted as a relatively wide element, its length being
slightly greater than its width. It is wide along its
entire length and has a short rostral region, with a
well-defined anterior angle. The orbits are dorsola-
terally facing. Nasals and an interorbital groove are
absent. The prefrontals do not touch the parietals,
due to the frontals contact along the midline
(Figure 3A, B). The prefrontals are longer than
wide. The frontals are slightly wider than long. The
parietals do not contact the orbits, but the jugals
do. No interparietal or other cranial scutes are
recognized. A relatively deep temporal emargina-
tion is present, partially covering the otic chamber.
There is a well-developed supraoccipital crest, and
the squamosals show a well-developed posterior
projection.

The lower jaw is identified for EY797, and is
only accessible in ventral view (Figure 3C). It is
robust. The sutures between the angular and the
dentary are identified for both mandibular
branches. The anterior angle defined by both
branches is slightly obtuse, but the posterior angle
between them is slightly acute.

DISCUSSION

Reinterpretation of Shell Characters for
Algorachelus parva

Prior to the current study, knowledge of Algor-
achelus parva was based solely on Haas (1978a,
b). The detailed first-hand study of all the speci-
mens of this taxon published so far [i.e., the holo-
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type of ‘Podocnemis’ parva, EY795 (Figure 1A-B);
the three paratypes of the species, EY790 (Figure
1F), EY797 (Figures 2A-B, 3B-C), and EY792
(Figure 2D-E); and the holotype of ‘Podocnemis
judaea’, EY791 (Figure 1D-E)] allows me to
identify several traits incorrectly interpreted by
Haas (1978a, 1978b). This is essential for the cha-
racterization of the species, as well as for the dia-
gnosis of other species of Algorachelus. Haas
(1978a) misinterpreted the morphology and dimen-
sions of the first neural of ‘Podocnemis’ parva
considering that this region corresponded to two
plates, so that the neural series was interpreted as
composed of seven elements instead of six (com-
pare Figures 1A and 2A with figure 1 in Haas,
1978a). The same error was made for the holotype
of ‘Podocnemis judaea’, where the neural series is
here identified as containing seven, rather than
eight plates (compare Figure 1D with figure 1 in
Haas, 1978b). Therefore, other characters related
to this, such as the number of neurals in contact
with the first pair of costals, the position of the lon-
gest plate of the neural series, or the identification
of the neurals on which the contacts between the
first to fourth vertebral scutes were located, were
also misinterpreted by Haas (1978a, 1978b). Haas
(1978a) considered, in the diagnosis of ‘Podoc-
nemis’ parva, the presence of a very short medial
contact between the eighth costals (see figure 1 in
Haas, 1978a), which he characterized as restricted
to a point. First-hand study of both the holotype of
the species (see specimen EY795 in Figure 1A)
and the paratypes that preserve the posterior
region of the carapace (see EY797 and EY792 in
Figure 2A, B, D, E), allows confirmation that this
interpretation was incorrect. Notable problems in
the interpretation of the posterior costals of the
holotype of ‘Podocnemis judaea’ were also identi-
fied in the work of Haas (1978b) (compare Figure
1D with figure 1 in Haas, 1978b, corresponding to
the specimen EY791). Haas (1978b) incorrectly
recognized a posterior extension of the medial
region of the sixth pair of costals as not allowing
contact between the plates of the seventh pair.
Therefore, Haas (1978b) erroneously considered
the medial contact of the costal series as only res-
tricted to the long contact between the sixth cos-
tals. The current analysis of this specimen (EY791)
allowed confirmation that medial contact between
the sixth costals was absent, but present between
the seventh and eighth costals (Figure 1D). Haas
(1978a) also misrepresented the mesoplastra of
EY795 as roughly triangular in the diagnosis of
‘Podocnemis’ parva (see figure 2 in Haas, 1978a).
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FIGURE 3. Photographs (left) and schematic representations (right) of the cranial skeleton of two individuals of the
bothremydid turtle Algorachelus parva, from the lower or middle Cenomanian (Late Cretaceous) of ‘Ein Yabrud quarry
(Binyamin Region, Israel). A, EY793, in dorsal view. C-B, EY797 (paratype of ‘Podocnemis’ parva), in dorsal and ven-

tral views.



The mesoplastra are actually subrounded (Figure
1B), lacking the acute medial angle portrayed by
Haas (1978a), especially for the left mesoplastron.
In addition to the erroneous interpretation of
the medial region of the sixth and seventh costals
of the holotype of ‘Podocnemis judaea’ discussed
above, Haas (1978b) described several characters
as putatively different between that individual
(EY791) and the specimens of ‘Podocnemis’
parva, which allowed him to justify differentiation in
the two species. Thus, Haas (1978b) interpreted
the holotype of ‘Podocnemis judaea’ to have seven
pairs of costals, instead of eight: he did not correc-
tly locate the suture between the last pair of costals
and the suprapygal plate. Rather, he characterized
that taxon by the presence of a very large suprapy-
gal, which contacted the anterior margin of the last
pair of peripherals and more than the medial half of
that of the next anterior pair (compare Figure 1D
with figure 1 in Haas, 1978b). This led Haas
(1978b) to erroneously recognize the medially dis-
connected scutes of the holotype of ‘Podocnemis
judaea’ as unidentified "inguinal elements" (see
figure 1 in Haas, 1978b), which were not found in
the specimens attributed to ‘Podocnemis’ parva.
Haas (1978b) considered several additional
differences between the two Podocnemis species
he recognized, but examination of additional speci-
mens from that type locality allows these diffe-
rences to be considered part of the intraspecific
variability of Algorachelus parva. Similar variation
is known for the European species Algorachelus
peregrina, which is represented by hundreds of
shell remains. Thus, the neural series is variable in
number for Algorachelus parva and can have a
maximum of six (Figures 1A, C; 2A, C, D) or seven
plates (Figure 1D). The number of neurals is reco-
gnized as variable in the case of Algorachelus per-
egrina but ranges between five and seven neurals
(Pérez-Garcia, 2016, 2018). The medial contact of
the posterior costal series in the shells of Algora-
chelus parva occurs from the sixth to the eighth
pairs of costals in some specimens (Figures 1A, C;
2A, C, D), and only between the last two pairs in
EY791 (Figure 1D). This contact is also recognized
as variable in Algorachelus peregrina, with both
configurations recognized, as well as a longer
medial contact of the costals, that also involves the
fifth pair (Pérez-Garcia, 2016, 2018). The variabi-
lity in the overlap of the gular scute on the
entoplastron in some Algorachelus parva is also
consistent with the intraspecific variability docu-
mented for Algorachelus peregrina (Pérez-Garcia,
2016, 2018). The remaining characters referred by
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Haas (1978b) as different between the originally
described Podocnemis species from Israel (e.g.,
shape variation in the entoplastron, carapace, and
anterior plastral lobe, along with vertebral scute
and plastral lobe proportions) have also been reco-
gnized as variable at an intraspecific level within
the genus Algorachelus (Pérez-Garcia, 2016,
2018). In fact, other anatomical details considered
by Haas (1978a) to be intraspecifically variable in
‘Podocnemis’ parva are similarly so in Algora-
chelus peregrina (see Pérez-Garcia, 2016, 2018).
For example, the length of the medial contact
between the epiplastra can be less than three
times the entoplastal length (see specimen EY795
in Figure 1B) or greater than one-third of the length
of that plate in some specimens (see specimen
EY797 in Figure 2B). The medial length of the hyo-
plastra of the taxon was recognized by Haas
(1978a) as slightly lower than that of the hyoplas-
tra, but approximately equal to that of the xiphiplas-
tra. This condition is identified here as variable, not
only at a intraspecific level but also for a specimen,
comparing its right and left regions (e.g., the medial
length of the right hypoplastron is similar to that of
the right hyoplastron for the specimen in Figure 2B,
but, on the left side, that of the hypoplastron is noti-
ceably higher. That of the hyoplastra is not similar
to that of the xiphiplastra in that specimen, neither
on the right nor on the left side).

Some additional problems identified here in
Haas (1978a, 1978b) can also be corrected. For
instance, Haas (1978a) does not depict the contact
between the pectoral scute and the left mesoplas-
tron in the holotype of ‘Podocnemis’ parva (see
figure 2 in Haas, 1978a), but that scute overlapped
the anterior region of the mesoplastron, not only in
that specimen (EY795, see Figure 1B) and in all
other specimens from lIsrael in which this area is
preserved (EY791, EY797, EY792; see Figures
1E; 2B, E). The anterior edge of the nuchal plate,
and the medial region of the first pair of marginal
scutes, are reinterpreted as not preserved in the
holotype of ‘Podocnemis judaea’ (EY791), despite
the representation in Haas (1978b, figure 1).
However, the anterior nuchal edge was probably
located very close to the preserved margin (Figure
1D). The identification of the posterior margin of
the fourth vertebral scute on the suprapygal plate
in the holotype of ‘Podocnemis judaea’ was due to
the aforementioned erroneous interpretation of the
suprapygal (see figure 1 in Haas, 1978b). That sul-
cus is reinterpreted here as located on the last pair
of costals (Figure 1D). Although only 10 pairs of
peripherals were represented in the line drawing of
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the holotype of ‘Podocnemis judaea’ published by
Haas (1978b; figure 1), he depicted 11 pairs, which
is compatible with the condition recognized here
for the specimen (Figure 1D). After accounting for
numerous errors in the original morphological des-
criptions of Haas (1978a, b), the presence of a
single bothremydid taxon is recognized for the
Cenomanian record of ‘Ein Yabrud, with Algora-
chelus parva as the only representative of this
lineage so far known from the fossil record of
Israel.

Comparison of Shell of Algorachelus parva
with Those of Other Congeners and Proposal
of Emended Diagnosis

The first-hand review of all fossils of Algora-
chelus parva documented by Haas (1978a,
1978b), and the study of new specimens from its
type locality, provide an important advance in the
information of the shell of this taxon. For the first
time, a rigorous comparison with both the type spe-
cies of the genus (i.e., the Iberian Algorachelus
peregrina) and the North American Algorachelus
tibert can be made. Preliminarily, and exclusively
considering the information published by Haas
(1978a, 1978b), Pérez-Garcia (2018) indicated
three potential differences between Algorachelus
parva and the type species. That relative to the
putatively deeper anal notch, with rounded lateral
margins (i.e., being U-shaped), for Algorachelus
peregrina but not for Algorachelus parva cannot be
supported here. The analysis of all material of the
Iberian species published by Pérez-Garcia (2016,
2018), including both juvenile and adult individuals,
together with the examination of numerous unpu-
blished specimens from its type locality (the Spa-
nish site of Algora) allow the recognition of the
relative depth of the anal notch as variable; as well
as a more substraight (i.e., V-shaped) to more
subrounded (i.e., U-shaped) morphology of its late-
ral margins, probably linked to both ontogeny and
sexual dimorphism (Guerrero and Pérez-Garcia,
2023). This intraspecific variability is compatible
with that identified here for Algorachelus parva,
some specimens showing substraight anal margins
(Figure 2B) but being subrounded in others (Figure
1E), being relatively wider in some of those dis-
playing the latter condition.

Two additional characters tentatively pro-
posed by Pérez-Garcia (2018) to differentiate
between Algorachelus parva and Algorachelus
peregrina can be confirmed. Based on the study of
about 50 shells of Algorachelus peregrina from its
type locality (i.e., its holotype, the seven articulated
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shells which preserve the anterior regions of both
the carapace and the plastron analyzed by Pérez-
Garcia, 2018; and numerous unpublished shells
found in the excavation campaigns carried out in
Algora after that publication) permits confirmation
that the anterior plastral margin reaches a level
almost as far anteriorly as the carapace margin,
and sometimes slightly exceeds it. This differs from
the condition observed in Algorachelus parva (see
Figure 1B, E), where the anterior margin of the
plastron does not project as close to the extent of
the carapace. The condition recognized in the
holotype and only known specimen of the North
American Algorachelus tibert is consistent with that
in Algorachelus peregrina. The second character
condition recognized here as different between
Algorachelus parva and Algorachelus peregrina
can also be confirmed based on the extensive
review of the Algorachelus peregrina shell morpho-
logy. Thus, the carapaces of Algorachelus pere-
grina are subpentagonal, the posterolateral
margins being nearly straight; those of Algora-
chelus parva being subrounded. Although the most
posterior margin of the carapace is not preserved
for the holotype and only known specimen of Algo-
rachelus tibert, the peripheral series is preserved
up to the antero-distal region of the left eleventh
plate, allowing for the recognition that this cara-
pace displayed nearly straight posterolateral mar-
gins (Joyce el al., 2016).

Additional characteristics are recognized here
that further differentiate between species of Algora-
chelus. For instance, the posterior margin of the
first pair of marginals was approximately perpen-
dicular to the midline in Algorachelus peregrina
(Pérez-Garcia, 2016, 2018). Therefore, the length
of the lateral and medial margins of these subrec-
tangular scutes was subequal, a relatively wide
distance being present between the first vertebral
scute and the anterior carapace margin. This first
pair of marginal scutes overlapped between one
third and slightly more than half the anterolateral
margin of the nuchal plate in Algorachelus pere-
grina. An even greater overlap of margins onto the
nuchal is known for Algorachelus tibert, in which
these marginal scutes were trapezoidal (Joyce et
al.,, 2016). As in Algorachelus peregrina, a wide
distance separated the first vertebral from the ante-
rior carapace margin in the North American spe-
cies. Therefore, the presence of generally
subtriangular first pair of marginal scutes (with very
short medial margins), with a short overlap onto the
antero-lateral edges of the nuchal, and without
medial contact more substantial than a single point



(i.e., allowing the first vertebral scute to reach the
nuchal notch), is exclusive to Algorachelus parva.
The vertebral scutes of Algorachelus parva are
proportionally wider than those of the other species
and Algorachelus parva is the only species where
the second vertebral is at least one and a half
times wider than long. By comparison, the second
vertebral is slightly wider than long in Algorachelus
tibert, and between as wide as long to wider than
long (generally not much wider than long, and
always less than one and a half times it) in Algora-
chelus peregrina (Joyce et al., 2016). The pre-
sence of a nuchal with proportionally equal length
and width in Algorachelus tibert differs from the
wider nuchals of both Algorachelus parva and
Algorachelus peregrina (Pérez-Garcia, 2016,
2018).

A putative new North American bothremydid
was recently described for the middle Cenomanian
fossil record of Texas, having been attributed to a
new genus and species, Pleurochayah appala-
chius Adrian, Smith, Noto, and Grossman, 2021.
The shell elements attributed to it, all of them cor-
responding to isolated plates, are recognized here
as compatible with those of the genus Algora-
chelus. The anatomical regions that allow the char-
acterization of the different Algorachelus species
currently recognized are unknown for the material
attributed to the species from Texas.

Discussion of Cranial Characters of
Algorachelus parva

Although one of the paratypes of Algorachelus
parva preserved the skull (EY797; see Figures 2A-
B, 3B-C), Haas (1978a) refrained from describing it
due to poor preservation, and the specimen was
not figured in detail. No data on the skull of this
species has been reported prior to the current
study. A previously unpublished specimen of Algor-
achelus parva also preserving the skull also offers
novel cranial insight (EY793; see Figures 2C, 3A).
This second skull is recognized as more robust
than that of the paratype (EY797) and is associ-
ated with a shell that is 15% larger. The lack of
knowledge about the morphology of the anal notch
of the largest in relation to that of the minor (that is,
about the region usually recognized as most rele-
vant for the determination of sexual dimorphs in
Pleurodira; see Paez et al.,, 2013; Sepulveda-
Seguro et al.,, 2020) does not allow to assess
whether they might be two sexual dimorphs or
whether the largest might represent a more
advanced ontogenetic stage.
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Algorachelus tibert is only known by a shell
(Joyce et al., 2016). The skull of Algorachelus per-
egrina is known from a single skull belonging to a
paratype (ALG 64; see figure 7 in Pérez-Garcia,
2016). However, that specimen lacks the anterior
cranial region, the posterior part of the supraoccipi-
tal crest, and the posterior margin of the skull roof,
so that these regions can be characterized for the
first time here for the genus Algorachelus. Signifi-
cant differences between the material of Algora-
chelus peregrina and Algorachelus parva are not
apparent in the scarce and incomplete preserved
cranial material in both taxa. The new material pre-
sented here demonstrates a relatively long
supraoccipital crest for the genus, a character that
could not be evaluated until now. However, given
damage to EY797, which is the only specimen pre-
serving this region, termination of the crest at the
posterior margin of the squamosals (typical for
other Bothremydina) cannot be confirmed (Gaffney
et al., 2006). The relatively wide overall morpho-
logy of the skull of Algorachelus parva is shared
with most members of Bothremydina, except Araio-
chelys hirayamai (Figure 3A, B). The apparently
relatively large size of the orbits of Algorachelus
parva exceeds that of other forms of Bothremydina
such as Araiochelys hirayamai, Bothremys spp.,
and Chedighaii spp., and is more similar to that of
Rosasia soutoi (Antunes and Broin, 1988; Gaffney
et al., 2006). However, considering the crushing of
both of skulls of Algorachelus parva, this should be
taken with caution. Slightly wider than long frontals
and well-developed temporal emarginations, are
shared with all other members of Bothremydina
(Gaffney et al., 2006; Ferreira et al., 2018).

The holotype of the poorly known North Amer-
ican Cenomanian bothremydid Pleurochayah
appalachius corresponds to a partial skull (see fig-
ure 2 in Adrian et al., 2021). This skull is not as
wide as that documented for Algorachelus pere-
grina, but that condition is closer to that recognized
in Algorachelus parva (the presence of intraspecific
variability cannot be ruled out, as has been docu-
mented for some members of Pelomedusoides,
including some bothremydids; see Martin-Jiménez
and Pérez-Garcia, 2022). The crushing of the only
skull known for Pleurochayah appalachius does
not allow an adequate comparison of the degree of
opening of the incisura columella auris with that
known for Algorachelus (being exclusively avai-
laible for the paratype of Algorachelus peregrina),
contrary to Adrian et al. (2021). This crushing, like
those of the Algorachelus parva skulls, also do not
allow to evaluate in which taxon the orbits are more
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dorsally directed. The skulls of Algorachelus parva
show that the length of the contact between the
postorbital and the frontal is not very different in
this Israeli taxon from that recognized for Pleuro-
chayah appalachius. The preservation of the skull
of Pleurochayah appalachius does not allow us to
confirm that, unlike what is documented here for
the genus Algorachelus, its supraoccipital crest
was short. The two additional cranial characters
indicated by Adrian et al. (2021) as different
between Pleurochayah appalachius and Algora-
chelus parva (i.e., the posterior elongation of the
fossa orbitalis, considering the position of the sep-
tum orbitale; and the distance between the fora-
men stapediotemporale and the foramen nervi
trigemini), cannot be adequately evaluated taking
into account the relatively scarce and incomplete
cranial material currently available for the genus
Algorachelus, and the deformation of the holotype
of the taxon from Texas, corresponding to the only
skull attributable to it. Therefore, the potential iden-
tification of the material attributed to Pleurochayah
appalachius as corresponding to the Algorachelus
lineage should be evaluated through the future dis-
covery and study of well-preserved Algorachelus
skulls.

Algorachelus parva specimen EY797 has the
only lower jaw known so far for this genus (Figure
3C). Although it is only exposed from the matrix in
ventral view, it is notably more robust than that of
Araiochelys hirayamai, displaying a condition simi-
lar to that in Bothremys spp. and Chedighaii spp.

CONCLUSIONS

Pelomedusoides is one of the two groups of
pleurodiran turtles that are represented by modern
species. The most successful of extinct lineages
was Bothremydidae, especially during the Late
Cretaceous and Eocene. Although Pelomedusoi-
des had a Gondwanan origin, several representa-
tives reached Laurasian regions through a series
of diachronic dispersions. Among these dispersal
events, those of Bothremydidae stands out for
commencing in the earliest Late Cretaceous or,
probably, at the end of the Early Cretaceous. The
relatively recently discovered bothremydid genus
Algorachelus has been documented in the Ceno-
manian of Israel (Algorachelus parva), the Iberian
Peninsula (Algorachelus peregrina), and North
America (Algorachelus tibert). The current study
updates the taxonomic status of Algorachelus
parva, which was erroneously described in the
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1970s as belonging to two non-bothremydid spe-
cies. It was originally attributed to the genus of
Podocnemididae Podocnemis, which is now under-
stood as exclusive to South America. The taxo-
nomic revision conducted here was accompanied
by descriptions that correct multiple errors in the
original accounts and allows higher resolution com-
parison between Algorachelus spp. Contrary to
interpretations made in the 1970s, all material of
Bothremydidae from the ‘Ein Yabrud limestone
quarry is attributed to the single species Algora-
chelus parva. Intraspecific variability is recognized
and described in detail for several traits. The skull
of Algorachelus parva is described for the first time
and is represented by two specimens, expanding
the knowledge of this poorly known region in the
genus Algorachelus. The lower jaw of one skull is
described as the only such element known for the
genus. The current study corrects and supple-
ments our understanding of Algorachelus parva
and allows detailed comparisons with widely dis-
tributed congenerics, improving our understanding
of bothremydid evolution and biostratigraphy.
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