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ABSTRACT

Forachelys woodi gen. et sp. nov. is described from lower Miocene (Arikareean NALMA) exposures of
the upper Las Cascadas Formation (~21 Ma) in the Panama Canal Basin. It represents the latest occurrence
of ptychogastrine geoemydids in North America, a group known primarily from the early Eocene to late
Miocene of Europe. Forachelys woodi shares features with taxa such as Geiselemys ptychogastroides
(middle Eocene, Germany) and some species of the Ptychogaster/Temnoclemmys group (late Eocene to
late Miocene, Europe). The epiplastral morphology is furthermore comparable to Bridgeremys pusilla
(middle Eocene of Wyoming and Utah), a taxon previously interpreted as a rhinoclemmydine ancestor.
Within the Las Cascadas Formation, - woodi co-occurred with an undescribed species of thinoclemmydine
geoemydid that represents the oldest record of Rhinoclemmys (sensu lato). The Miocene fossil record of
testudinoids in Central America is reviewed and reexamined. Testudinids are diverse in the Miocene
of Panama and Honduras, represented by aff. Stylemys, Caudochelys (2-3 large to giant species), and
an undescribed genus and species that resembles ‘7estudo’ costarricensis. Rhinoclemmydines persisted
in Panama almost continuously from the early to late Miocene, with records from the Las Cascadas
(~21 Ma), upper Culebra (~20-19 Ma), Cucaracha (~19 Ma), and lower Gatun (~12—-11 Ma) formations.
At least two concurrent rhinoclemmydines are present in the Cucaracha Formation of Panama, and two
possibly concurrent taxa in the Gracias Formation (9-6.6 Ma) of Honduras.
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INTRODUCTION

Today eight major groups of freshwater and
terrestrial turtles are represented in Central America.
These are the Chelydridae, Dermatemydidae,
Kinosterninae, Staurotypinae, Rhinoclemmydinae,
Testudinidae, Emydinae, and Deirochelyinae
(Ernst and Barbour, 1989; Turtle Taxonomy
Working Group, 2021). At least six of these groups
have been reported in Central American Miocene
fossil deposits, and two, the Podocnemididae and
Trionychidae no longer live in the region (Laurito
and Valerio, 2010; Cadena et al., 2012; Bourque,
2016). The testudinid ‘7estudo’ (or ‘Geochelone’)
costarricensis Segura Paguaga, 1944, was
described from the late Oligocene to early Miocene
of Costa Rica based on a relatively complete shell
(Segura Paguaga, 1944; Auftenberg, 1971; Coto
and Acufia, 1986). The bulk of Miocene diversity
has been collected in the Panama Canal Basin,
where chelonians from the lower Miocene Culebra
and Cucaracha formations have been previously
reported (Cadena et al., 2012). The Culebra
Formation (~23-19 Ma [Kirby et al., 2008; Buchs et
al., 2019]) includes podocnemidids and trionychids
(Cadena et al., 2012), and a new testudinid and
rhinoclemmydine discussed later in this article. The
Centenario Fauna (19.05-18.78 Ma [MacFadden et
al., 2014]) has podocnemidids (at least two taxa),
trionychids, Rhinoclemmys panamaensis Cadena et
al. 2012, Rhinoclemmydinae (semi-aquatic/semi-
terrestrial species), Staurotypus moschus Cadena
et al. 2012, and testudinids (Cadena et al., 2012;
Bourque, 2016; pers. observ.). The Cucaracha
fauna is reexamined later in this article. Cheloniid
sea turtles are known from the upper Miocene
Gatun Formation (~12—8 Ma [Collins et al., 1996])
of Panama (Cadena et al., 2012). The nearshore
marine Alajuela Formation (~9.77 Ma) of Panama
contains the podocnemidid Bairdemys n. sp.,
trionychids, testudinids, and cheloniids (Bourque,
in prep.; Bourque, 2016; MacFadden et al., 2017).
Rhinoclemmys, a testudinid (‘Geochelone’), and
a tricarinate kinosternine similar to members of
the Kinosternon scorpioides (Linnaeus, 1766)
complex were reported from the early Hemphillian

Bridgeremys pusilla - early to middle Eocene, Bridgerian 2 to Uintan C (~49 - 41 Ma)
Notapachemys oglala - late Eocene, Chadronian, Chadron Fm. (~36 - 34 Ma)

Forachelys woodi - early Miocene, Arikareean 3, Las Cascadas Fm. (21 Ma)

Rhinoclemmys n. sp. - early Miocene, Arikareean 3, Las Cascadas Fm. (~21 Ma)
Rhinoclemmydinae sp. - early Miocene, Arikareean 3-4, Culebra Fm. (~20 - 19 Ma)
Rhinoclemmys panamaensis - early Miocene, Hemingfordian 1, Cucaracha Fm. (~19 - 18 Ma)
Rhinoclemmydinae sp. - early Miocene, Hemingfordian 1, Cucaracha Fm. (~19 - 18 Ma)
Rhinoclemmydinae sp. - late Miocene, Clarendonian 1-2, Gatun Fm. Lower Mbr. (~11.8 Ma)
Rhinoclemmys sp. - late Miocene, Hemphillian 1-2, Gracias Fm. (~9 - 6 Ma)

Rhinoclemmydinae n. sp. - late Miocene, Hemphillian 1-2, Gracias Fm. (~9 - 6 Ma)

Figure 1. Distribution of Eocene through Miocene
ptychogastrine, rhinoclemmydine, and aff. rhinoclemmydine
fossil records in North America. A) Map of North America.
Black dots: Bridgeremys pusilla. Records in Wyoming after
Hutchison (2006) and Utah (lower) after (Adrian et al., 2021).
Black squares: Notapachemys oglala. Record from Nebraska
(lower) after Bourque (2021) and South Dakota Ptychogastrini
of Hutchison (1996). Black pentagons: Rhinoclemmydinae n.
sp. (thick-shelled box turtle morphotype) and Rhinoclemmys
sp. from the Gracias Formation, Honduras (Webb and Perrigo,
1984). Red dot on Panama Canal includes the following:
Forachelys woodi and Rhinoclemmys (sensu lato) n. sp.
from the Las Cascadas Formation; Rhinoclemmydinae from
the upper Culebra Formation; Rhinoclemmys panamaensis
(aquatic species) (Cadenaetal.,2012) and Rhinoclemmydinae
sp. (semi-aquatic/semi-terrestrial species) from the Cucaracha
Formation; and Rhinoclemmydinae sp. from the Gatun
Formation. B) Map of Panama. Turquoise dot on Panama
Canal indicates El Lirio Norte fossil locality.
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Figure 2. Fieldwork along the Panama Canal in March 2013. A) View of the Panama Canal from turtle-rich quarries in the
Cucaracha Formation. Fossils of Rhinoclemmys panamaensis and Rhinoclemmydinae sp. (semi-aquatic/semi-terrestrial
species) are common here. B) Dr. Aaron R. Wood (center) digging in the Cucaracha Formation adjacent to the Centenario
Bridge. Dr. Wood discovered and collected the type specimens of Forachelys woodi in the Las Cascadas Formation. C) The
Las Cascadas Formation at El Lirio Norte, type locality of Forachelys woodi. The fossil-bearing layers are primarily composed
of blue-green tuff and tuffaceous paleosols. A network of faults transects the quarry. Screwdriver lying along fault at bottom
right of the photo indicates area where numerous turtle fossils were collected including type specimens of Forachelys woodi.
D) Rhinella horribilis sheltering in quarry holes dug by the author while collecting fossils at El Lirio Norte. E-F) A globular
figure beneath the hazy water of a nearby pond revealed as Kinosternon scorpioides (%).
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(9—6.6 Ma) Gracias Formation of Honduras (Webb
and Perrigo, 1984; Bourque, 2012). The Gracias
turtle fauna is reevaluated later in this article. A
trionychid, Apalone sp., emydine and deirochelyine
emydids, and xerobatine testudinids were reported
from the Mio—Pliocene (Hemphillian) of Costa Rica
(Laurito et al., 2005; Laurito and Valerio, 2010).
Most of the above-mentioned taxonomic groups
dispersed south from more northerly latitudes
in North America, with the likely exception of
podocnemidids that may have dispersed northward
from South America (Cadena et al., 2012; Weems
and Knight, 2013). This article describes a new
taxon from the El Lirio Norte locality, Panama,
and introduces new early to late Miocene chelonian
records from the Panama Canal and Honduras.

LocaLity BACKGROUND

El Lirio Norte is located on the bank of the
Panama Canal and preserves fossils from the lower
Miocene (Arikareean NALMA) Las Cascadas
Formation (~21 Ma) (Figs. 1-2), a volcaniclastic
sequence that represents the oldest appearance
of terrestrial habitats in the southern Panama
Canal Basin (Rincon et al., 2012; Rincon et al.,
2013; Bourque et al., 2013; Rincon et al., 2015;
Buchs et al., 2019). Fossils from El Lirio Norte
were collected between ca. 2009-2016 during
expansion of the Panama Canal. The construction
project exposed fresh rock facies of the upper Las
Cascadas Formation. Field crews from the Florida
Museum of Natural History (FLMNH) and the
Smithsonian Tropical Research Institute (STRI)
collected extensively at El Lirio Norte, which led
to significant finds such as the first North American
monkey Panamacebus transitus (Bloch et al.,
2016), the floridatraguline camels Aguascalientia
panamaensis and Aguascalientia minuta (Rincon
et al., 2012), the protoceratid Paratoceras aft. P.
tedfordi (Rincon et al., 2015), the anthracothere
Arretotherium meridionale (Rincon et al., 2013),
the flying squirrel Petauristodon sp. (MacFadden
et al., 2014), a boid snake (‘cf. B. constrictor’)
(sensu Head et al., 2012), and at least two
crocodilians consisting of a cf. caimanine
and longirostrine type (Hastings et al., 2013).

Much has yet to be described from this diverse
assemblage, collectively referred to as the Lirio
Norte Local Fauna (LF) (Rincon et al., 2015).
Chelonians from the Las Cascadas Formation at
El Lirio Norte are described later in this article
(see Discussion and Conclusions).

MATERIALS AND METHODS

Virtual mesh models of UF 280569 and UF
280152 were produced using photogrammetry
with a Canon EOS RP in the Division of Digital
Imaging, Florida Museum of Natural History
(FLMNH). Some figure images were developed
from the 3D models where noted. Mesh models
and image series are publicly available at
https://www.morphosource.org (Table 1). UF
280569 (carapace and plastron with scute sulci
outlined)—mesh: 000449207, 1image series:
000449204. UF 280569 (carapace and plastron)—
mesh: 000449331, image series: 000449299. UF
280569 (plastron with partial carapace)—mesh:
000449334, image series: 000449302. UF 280152
(plastron)—mesh: 000449328, image series:
000449295. UF 280152 (right portion of anterior
carapace)— mesh: 000449325, image series:
000449294.

MATERIALS EXAMINED

Las Cascadas Fm., Panama.—Forachelys
woodi gen. et sp. nov.: UF 267054, UF 267127, UF
267136, UF 475212, UF 275421, UF 280152, UF
280422, UF 280569, UF 280570; Rhinoclemmys
(El Lirio Norte): UF 280543, UF 532008;
Podocnemididae (EI Lirio Norte): UF 280542;
Testudinidae aff. Stylemys (El Lirio Norte): UF
246844, UF 280339, UF 280568, UF 532151;
Testudinidae gen. et sp. nov. (Empire West): UF
275495.

Cucaracha Fm., Panama.—Rhinoclemmys
panamaensis: UF 237887, UF 257067; UF 280913,
UF 281010; UF 281029, UF 281041; UF 281121;
UF 281122; Rhinoclemmydinae sp. (semi-aquatic/
semi-terrestrial): UF 281016; Rhinoclemmydinae
indet.: UF 245513, UF 280539, UF 281031;
Testudinidae: UF 257065.
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Table 1. Mesh model hyperlinks for UF 280569 and UF 280152.

Specimen
UF 280569

Hyperlink
https://www.morphosource.org/concern
/media/000449207

https://www.morphosource.org/concern
/media/000449204

https://www.morphosource.org/concern
/media/000449331

https://www.morphosource.org/concern
/media/000449299

https://www.morphosource.org/concern
/media/000449334

https://www.morphosource.org/concern
/media/000449302

https://www.morphosource.org/concern
/media/000449328

https://www.morphosource.org/concern
/media/000449295

https://www.morphosource.org/concern
/media/000449325

https://www.morphosource.org/concern
/media’000449294

UF 280569

UF 280569

UF 280569

UF 280569

UF 280569

UF 280152

UF 280152

UF 280152

UF 280152

Gatun Fm., Panama.—Rhinoclemmydinae
sp.: UF 281207.

Gracias Fm., Honduras.—Rhinoclemmys
sp. (thin-shelled): UF 17784, UF 18122, UF 18124,
UF 46671, UF 532140, UF 532142, UF 532143,
UF 532146, UF 532412; Rhinoclemmydinae n. sp.
(thick-shelled): UF 17749, UF 17750, UF 18011;
Rhinoclemmydinae indet.: UF 17743, UF 532144,
cf. Emydidae: UF 532139, UF 532141, UF 532147;
Caudochelys: UF 17785, UF 17786, UF 17791;
Testudinidae (giant): UF 17790, UF 17792, UF
17793, UF 17795, UF 17796, UF 532145.

Other fossils.—Notapachemys oglala: UF
527000, UF 527218-UF 527223, UF 531033;
Bridgeremys pusilla: UF 529329-UF 529331, UF
532057; UF 532058; Geiselemys ptychogastroides:
GM 6970, GM XVIII 5000, GM XXXV 45 1962,
GM XXXVI 30 62, GM XXXVI 204 62, GM
XXXVI 238 62, XXXVIII 101 64, GM XXXVIII
148 67, GM XLIII 5 67; ‘Geoemyda’ saxonica:

GM 6972; Hummelemys ambigua: GM 10537;
Ptychogaster emydoides: FR 1081, FR 1083,
FR 13896-FR 13970, FR 13992-FR 13994, FR
14019-FR 14038, FR 19479, FR 23030, FR 23032;
SG 58, SG 66, SG 69.

Recentskeletons.—Rhinoclemmys annulata:
UF/H 99676; Rhinoclemmys areolata: UF/H 54199,
UF/H 76922; Rhinoclemmys funerea: UF/H 137638,
UF/H 152560; Rhinoclemmys pulcherrima: UF/H
41046 (Nicaragua), UF/H 52797 (Costa Rica),
UF/H 55442 (Honduras), UF/H 55574 (Honduras),
UF/H 76923 (Guatemala); Rhinoclemmys rubida:
UF/H 51411, UF/H 54197, UF/H 54787, UF/H
54980; Numerous Old World geoemydid skeletal
specimens currently housed in the Division of
Herpetology, FLMNH, were used extensively for
comparison during this study.

INSTITUTIONAL ABBREVIATIONS

FR, Frick Collection, Department of
Vertebrate Paleontology, American Museum of
Natural History, New York; GM, Geiseltalmuseum
Geologisch-Paldontologisches Institut der Martin-
Luther Universitidt, Halle (Saale), Germany;
SG, Département Histoire de la Terre, Muséum
national d’Histoire naturelle, Paris; UF, Division
of Vertebrate Paleontology, Florida Museum of
Natural History, University of Florida, Gainesville,
Florida; UF/H, Division of Herpetology, Florida
Museum of Natural History, University of Florida,
Gainesville, Florida.

SYSTEMATIC PALEONTOLOGY
Order TESTUDINES Batsch 1788
Family GEOEMYDIDAE Theobald 1868
Tribe PTYCHOGASTRINI De Stefano, 1903
FORACHELYS WOODI gen. et sp. nov.

Ptychogastrini gen. et sp. nov. (Las Cascadas
Formation, Panama) Bourque, 2021

Holotype.—UF 280569, anterior carapace
and plastron (Figs. 3-5A, 6-8). Collected by Aaron
R. Wood, 14 November, 2011.
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Paratype.—UF 280152, partial anterior
carapace and plastral forelobe (Figs. 5B, 9-10).
Collected by Aaron R. Wood, 4 May, 2012.

Referred Specimens.—UF 267054,
entoplastron (Fig. 11G-H); UF 267127, right P7-8
fused (Fig. 11D-F); UF 267136, right P1; UF
275212, right P7; UF 275306, right P7 (subadult);
UF 275421, right P67 fused; UF 280422, left P3;
UF 280570, partial left hypoplastron (Fig. 11A—C);
UF 5320009, right P3—4 fused.

Zoobank  Nomenclatural Act—Genus:
urn:lsid:zoobank.org:act:C59015F6-D3CF-483B-
8EED-24FCEA2FDABS. Species: urn:lsid:zoobank.
org:act:1E23DB7D-92E7-42B6-B658-
A4FC4B554751.

Etymology.—Generic epithet is combination
of Latin foras for ‘outside’, and Greek chelys for
‘freshwater turtle’. Multiple derivations of foras are
applicable to this taxon, such as Medieval Latin
foresta for ‘forest’ referring to paleohabitat; Latin
foris for ‘door’ or ‘gate’ referring to the movable
plastral hindlobe; and Vulgar Latin foranus for
‘foreign’, ‘outsider’, or ‘outlander’ referring to
the occurrence of a European turtle group at the
southernmost tip of North America. Species epithet
commemorates paleontologist Dr. Aaron R. Wood,
friend and colleague who discovered and collected
the type specimens.

Type Locality—El Lirio Norte (YPA024),
Panama Canal, Panama (Figs. 1-2).

Occurrence.—Early Miocene, Arikareean
NALMA (Ar 3), Las Cascadas Formation, ~21 Ma
(Tedford et al., 2004; Buchs et al., 2019).

Diagnosis.—Forachelys woodi is diagnosed
by the unique combination of the following: anterior
carapace (nuchal and N1) with tall rounded over
crest; V1 long and narrow (much longer than
wide); distinct cervical notch between M1 set along
anterior carapacial rim; cervical scute and M1-—
M3 elongate and with extensive underlap (shared
with Ptychogaster emydoides and Ptychogaster
ronheimensis); gulars with extensive dorsal overlap
and deep step at visceral junction (shared with
Geiselemys ptychogastroides and Bridgeremys
pusilla); posterodorsal margin of gulars notched
medially and overhangs deep visceral concavity

(shared with B. pusilla); presence of dorsally
thick distal gular tubercles that do not extend
significantly anteriorly (shared with some G.
ptychogastroides); deep dorsal antero-posterior
concavity along midline between gular tubercles
(canal to accommodate head) (shared with some
P. emydoides); gulars short ventrally and do not
overlap entoplastron (shared with ‘Geoemyda’
saxonica and some P. emydoides); carapacial and
plastral bones fused at sutures (in adults) with
possible exception of hyo-hypoplastral suture
and hypoplastron to carapace connections (shared
with most P emydoides, and Notapachemys
oglala); axillary buttresses elongate and suturally
united to carapace, inguinal buttresses short and
ligamentously attached to carapace at P7-P8
jucture facilitating plastral hindlobe kinesis (shared
with P. emydoides and P. ronheimensis).

DESCRIPTION AND COMPARISONS

Carapace.—Only the anterior half of the shell is
preserved in the holotype UF 280569 and paratype
UF 280152 (Figs. 3—10). The posterior carapace
is unknown. Forachelys woodi was small to mid-
sized with an estimated carapace length of ~18-20
cm. Measurements for preserved portions of the
types are presented in Table 2. The carapace is
tall with a rounded over crest along the midline of
at least the nuchal and N1. This anterior tent-like
feature compares well with Rhinoclemmys rubida
(e.g., UF/H 51411). On the ventral face of the
nuchal region there are two thick swellings along
the marginal-visceral transition that are much
thicker than the comparatively thin costals and
neurals (Fig. 8B—C). These swellings are similar
to the buttressing seen in Bridgeremys pusilla, as
well as Ptychogaster emydoides and Ptychogaster
ronheimensis (Hervet, 2006). External surface
bone is smooth on the holotype but the paratype
has numerous growth annuli of low relief along
the costals (Fig. 9B). The anterior peripherals
are flat dorsally and not flared. The anterior
carapacial rim lacks inter-marginal notches but
there is a substantial cervical notch formed by the
anteriorly pronounced M1 set (Figs. 3-5). The
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Figure 3. Forachelys woodi, holotype UF 280569. Photogrammetry stereographs in A) dorsal and B) ventral views. Readily
discerned scute sulci are outlined in white. Scale bar equals 3 cm.

cervical scute is more elongate than is typical of
other geoemydids and there is broad contact with
V1. V1 is long and narrow and the lateral sulci are
straight anteriorly and sinuous posteriorly (Figs.
3-5). V2 and V3 are partially preserved and appear
to be less elongate than V1. The V1-MI sulcus
is distinctly posteriorly oriented, more so than in
other ptychogastrines, species of Rhinoclemmys,
B. pusilla, and Notapachemys oglala which all
have a shorter M1 and broader V1 than F woodi.
The bridge peripherals have only a faint lateral

keel (where the shell margin transitions along the
bridge) (Fig. 7) similar to N. oglala and different
from species of Rhinoclemmys which have a
pronounced lateral keel.

UF 280569 and UF 280152 are adults
because all sutures are completely fused.
Sutures are so ankylosed that peripheral, costal,
neural, and nuchal contacts are indiscernible.
This degree of ankylosis is similar to other box
turtle morphotypes such as the ptychogastrines
Ptychogaster emydoides Pomel (1847) and other
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Figure 4. Forachelys woodi, holotype UF 280569. Photogrammetry stereographs in A) dorsal and B) ventral views. Scale bar

equals 3 cm.

members of the Ptychogaster/ Temnoclemmys group
(Bachmeyer and Schaffer, 1959; Schéifer, 2012)
and extant emydine Terrapene. Most of the shell
bones of Forachelys woodi are strikingly thin for
a taxon that exhibits ankylosis, in particular the
costals and hyoplastra. This differs significantly
from Notapachemys oglala which also exhibits
ankylosis but has much thicker shell bones overall.

The axillary bridge is akinetic and suturally
united to the carapace. Its terminus is located on
distal C1 (Figs. 8C-9A). The inguinal buttress
is less extensive and its terminus appears to be
located around the P7-P8 juncture, indicated on
UF 267127, a fused right P7-P8 (Fig. 11D-F).
The short inguinal sutural facet was clearly kinetic
in life, having little or no interdigitating sutural
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Figure 5. Anterior shell reconstruction of Forachelys woodi. A) carapace in dorsal view. B) plastron in ventral view. Abbreviations:
abd, abdominal; erv, cervical; gul, gular; hum, humeral; M, marginal; pec, pectoral; PL, pleural; V, vertebral. Scale bar equals 3 cm.

teeth (Fig. 11D). Overall the shape and extent of
the inguinal facet compares well to Ptychogaster
emydoides. Axillary and inguinal musk ducts are
not clearly discernible on the type and referred
specimens, and this may be due to the fractured
preservation of the fossils. However, in UF 280152
a deeply incised channel along the axillary buttress
to P3 suture is possibly half of an axillary musk
duct foramen (Fig. 9A), that in life would have
been situated within the P3 hyoplastral suture.

Plastron.—The holotype and paratype of
Forachelys woodi preserve the plastral forelobe
(Figs. 35, 10). Both are missing the paired hypo-
and xiphiplastra, but a partial left hypoplastron
(UF 280570) (Fig. 11A—C) is known. The plastron
exhibits sutural fusion of the epi-, ento-, and
hyoplastra, but the transverse hyo-hypoplastral
suture was likely unfused. The unfused hyo-
hypoplastral suture and kinetic junction between
the carapace and plastral hindlobe may in part
explain the missing preservation of the plastral
hindlobe in both type specimens.

The epiplastra are the thickest portion of the
shell (Figs. 8 and 10), distinct in morphology, and
of all geoemydids examined most closely resemble

Bridgeremys pusilla, and a number of ptychogastrines
such as Geiselemys ptychogastroides, and species
of the Ptychogaster/Temnoclemmys group such as
P laurae, P. buechelbergensis, P. boettgeri, and P.
batalleri. There is a pronounced distal tubercle
on the gular, which is present in most described
species of ptychogastrines, i.e., ‘ptychogasterid
spikes’ of Hervet (2004, 2006). The distal
gular tubercle is notably thick dorsally, is wide
posteriorly, and tapers to a fine point anteriorly,
but projects only minimally from the anterior
epiplastral margin (Fig. 8). There is a deep concave
channel to accommodate the head and neck along
the epiplastral midline formed between the inflated
paired tubercles. This channel is particularly narrow
in the paratype UF 280152, and overall narrower
than observed in other ptychogastrines. The dorsal
gular overlap is distinctly elongate. A deep step is
present along the posterodorsal gular margin (Fig.
8) that is shared with B. pusilla, Notapachemys
oglala, and many ptychogastrines including G.
ptychogastroides, Ptychogaster emydoides. P. laurae,
P buechelbergensis, P. boettgeri, P. reinachi, P.
ronheimensis, and P. batalleri. Likewise similar
to B. pusilla, N. oglala, and the latter species of
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Figure 6. Forachelys woodi, holotype UF 280569. Photogrammetry stereographs in A) oblique left anterolateral, B) anterior,
C) left anterolateral, and D) right anterolateral views. Scale bar equals 3 cm.

Ptychogaster, there is a medial notch along the
posterodorsal gular margin along the visceral
transition, and the posterodorsal gular margin
overhangs a pair of deeply inset visceral concavites
on the posteromedial epiplastra (Fig. 8B—C). In
ventral aspect, the gulars are anteroposteriorly

short and wide, and do not overlap the entoplastron.
In fact, the posteroventral terminus of the gulars
is well anterior to the anteromost entoplastral
suture. This is difficult to observe due to ankylosis
of the epi- and entoplastral sutures, however,
can be seen most evidently in the paratype
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A

Figure 7. Forachelys woodi, holotype UF 280569. Photogrammetry stereographs in A) right lateral and B) left lateral views.

Scale bar equals 3 cm.

(UF 280152) (Fig. 10B). The humeral-pectoral
sulcus overlaps transversely across the central
portion of the entoplastron on UF 280152 where
the sutural outline of the entoplastron is barely
apparent due to some cracking along the fused
sutural connection with the epi- and hyoplastra.
An isolated entoplastron, UF 267054 (Fig. 11G—
H), is attributed to F. woodi in that it is pyriform,
elongate, relatively thin, lacks gular overlap, and
the humeral-pectoral sulcus transversely crosses
midway. An entoplastron with little to no gular
overlap and a centrally positioned humeral-
pectoral sulcus is seen in N. oglala, and a number of
Ptychogaster species including P. (Temnoclemmys)
batalleri, some P. buechelbergense, and P
emydoides. The humeral-pectoral and pectoral-
abdominal sulci are anterodistally prominent,
similar to other ptychogastrines. The pectoral-
abdominal sulcus is situated well anterior to the

hyo-hypoplastral suture (Figs. 3—5, 10) as in other
ptychogastrines such as species of Ptychogaster
and G. ptychogastroides. Conversely, the pectoral-
abdominal sulcus intersects or almost intersects
the hyo-hypoplastral suture medially in N. oglala,
species of Rhinoclemmys, and B. pusilla. Just
proximal to the margin of the forelobe is a ventral
concavity at the distal gular-humeral junction that
gives the forelobe margin a flared appearance (Fig.
6B-D). The entirety of the plastral bridge along the
carapacial contact is dorso-ventrally flat and not
steeply inclined, most evident in the paratype UF
280569 (Fig. 10).

The axillary buttresses are thin, moderately
elongate, and suturally connected to the carapace
(Figs. 8 and 10). The inguinal buttresses are
significantly shorter than the axillary buttresses
and attached to the carapace via a smooth kinetic
facet evidenced by the fused P7-8 (UF 267127)
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Figure 8. Forachelys woodi, holotype UF 280569. Photogrammetry stereographs of dorsal plastron and internal shell
morphology (right portion of carapace removed) in A) dorsal, B) posterior, and C) right posterolateral views. Scale bar equals
3cm.
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Figure 9. Forachelys woodi, paratype UF 280152. Photogrammetry stereographs of right anterior portion of carapace in A)
ventral and B) dorsal views. Scale bar equals 3 cm.
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Figure 10. Forachelys woodi, paratype UF 280152. Photogrammetry stereographs of plastron in A) dorsal, B) ventral, C)
posterior, and D) anterior views. The dorsal gular is eroded posteriorly. Readily discerned scute sulci are outlined in white.
Scale bar equals 3 cm.
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(Fig. 11D-F) and isolated left hypoplastron (UF
280570) (Fig. 11A—C). The inguinal buttresses of
Forachelys woodi are much shorter than those of
Notapachemys oglala and species of Rhinoclemmys.
Inguinal buttresses of some ptychogastrines such
as Ptychogaster emydoides are similarly reduced
to almost absent (Hervet, 2006). Also similar to
P. emydoides, the left hypoplastron UF 280570
lacks a deep inguinal groove that is present at the
base of the inguinal buttress on the ventral face
of the hypoplastron in N. oglala and Bridgeremys
pusilla. Semi-aquatic rhinoclemmydines such as
Rhinoclemmys pulcherrima and Rhinoclemmys
areolata have a similar combination of buttress to
carapace articulations (axillary suturally anchored
and inguinal kinetic) to that of F woodi, species
of Ptychogaster, and N. oglala, while more
aquatic species like Rhinoclemmys panamaensis,
Rhinoclemmys funerea, and Rhinoclemmys punctularia
have rigid suturally anchored axillary and inguinal
buttresses.

DISCUSSION AND CONCLUSIONS

TURTLES FROM THE LAS CASCADAS FORMATION
Chelonians from the Las Cascadas Formation
at El Lirio Norte are previously unreported and
include: Podocnemididae; Forachelys woodi
(Geoemydidae, Ptychogastrini); Rhinoclemmys
(sensulato) (Geoemydidae, Rhinoclemmydinae);
and two or three mid-sized testudinids (Figs.
12—13). The pleurodire is represented by a partial
left portion of a carapace consisting of P89 and
distal C5-7 (UF 280542) (Fig. 13K). UF 280542
compares well in size and morphology to extant
Podocnemis examined (e.g., Podocnemis expansa
UF/H 57965). The rhinoclemmydine is known
from a partial disarticulated shell (UF 532008)
(Fig. 12A-D) and an N1 or N3 (UF 280543) that
represents a previously undescribed taxon. It differs
from F woodi in having a thicker unfused shell,
wide V1, extensive akinetic inguinal buttresses,
and epiplastra that lack significant dorsal gular
overlap. The epiplastra instead strongly resemble
species of Rhinoclemmys in having reduced distal
gular tubercles, a low dorsal gular to visceral step,

Table 2. Forachelys woodi measurements (in mm) of UF
280569 (holotype) and UF 280152 (paratype). Marginal
measurements of UF 280569 for left side and of UF 280152
for right. Abbreviations: CERVL, cervical scute length;
CERVW, cervical scute width; DGL, dorsal gular overlap
length; FLL, plastral forelobe length; FLW, plastral forelobe
width; GW, gular width; MGL, medial gular scute length;
MHL, medial humeral scute length; MPL, medial pectoral
scute length; M_L, marginal length; M_W, marginal width;
V1L, Vertebral 1 scute length; VIW, Vertebral 1 scute width.

Feature UF 280569 UF 280152
CERVL 12.72 _
CERVW (posterior) 7.89 _
VIL 43.99 _
VIW (at M1) 20.52 _
MIL 24.95 _
MI1W (anterior) 16.88 _
M2L 2391 28.99
M2W (anterior) 22.01 21.66
M3L 22.54 27.75
M3W (anterior) 22.12 17.9
FLL 86.04 85.83
FLW (at axillary notches) 68.74 71.8
DGL 25.32 _
MGL 14.5 12.65
GW (right) 12.92 12.9
GW (left) 13.98 12.09
MHL _ 27.1
MPL 38.01

short dorsal gular overlap, ventral gular overlap on
the entoplastron, a broad medial gular notch along
the anterior gular margin, and a notched plastral
forelobe margin at the gular-humeral sulcus
(Fig. 11A-B). Rhinoclemmys n. sp. resembles
more aquatic members of the genus such as
Rhinoclemmys funerea (e.g., UF/H 152560) and
Rhinoclemmys panamaensis (e.g., UF 237887)
in having a thick relatively smooth acarinate
shell (Fig. 11C). N1 is ovoid (not six-sided) as in
Echmatemys, Bridgeremys pusilla, the holotype of
R. panamaensis, and some R. funerea. The nuchal
lacks marginal swellings on the visceral surface
(Fig. 11B). The axillary and inguinal buttresses are
elongate and sutured to the carapace. The inguinal
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Figure 11. Forachelys woodi, referred specimens. A—C)
partial left hypoplastron (UF 280570) in A) dorsal, B)
ventral, and C) oblique left lateral views. D—F) right fused
P7-8 (UF 267127) in D) internal, E) ventral, and F) dorsal
views. UF 280570 preserves a low inguinal buttress and
UF 267127 a similarly shaped inguinal buttress sutural
facet that facilitated kinesis between the carapace and
hypoplastron. G-H) entoplastron (UF 267054) in G)
ventral and H) visceral views. The humeral-pectoral sulcus
crosses the entoplastron at approximately the midway
point and there is no gular overlap. Abbreviations: ingb,
inguinal buttress; ings, inguinal buttress suture. Scale bar
equals 3 cm.

buttress extends high onto C5 (Fig. 11D), more so
than in extant species of Rhinoclemmys.

One taxon of testudinid from El Lirio Norte
has epiplastra with a low but pronounced gular to
visceral step on the dorsal surface (Fig. 13E-I). The
epiplastra are relatively thin for a testudinid, slightly
concave distally on the ventral face, and the gulars
have two short anteriorly projecting processes in
presumed males UF 280568 (Fig. 13E-G) and
UF 280339; a presumed female UF 246844 (Fig.
13H-I) lacks anterior projections and has a more
rounded anterior gular margin. In these attributes
and overall size and proportions, the epiplastra
strongly resemble some specimens of Stylemys
from the White River Group of the north central
United States (Bourque et al., 2013). Stylemys
or aff. ‘Stylemys’ gisellae has been previously
reported from the late early Oligocene (Arikareean
1) Iniyoo local fauna (LF) of southern Mexico
(Jiménez-Hidalgo et al., 2015; Jiménez-Hidalgo et
al., 2021; Carbot-Chanona et al., 2022). A second
testudinid taxon is known from only a single badly
preserved partial shell (UF 275495) with a plastral
forelobe unlike any other testudinid examined (Fig.
13A-D) and likely represents a new genus and
species. The gulars are not anteriorly prominent
and the posterodorsal gular margin is flush with the
visceral transition (Fig. 13A and C). The plastral
forelobe is conspicuously dorso-ventrally flat due
to lack of inflated gulars. The flatness and shape
of the plastral forelobe in ventral aspect resembles
that figured for ‘Testudo’ costarricensis (Segura
Paguaga, 1944; Auffenberg, 1971; Coto and Acuia,
1986) but I have not examined that taxon in person,
and the dorsal epiplastra are currently unknown to
me. The humeral-pectoral sulcus is situated just
posterior to the ento-hyoplastral suture and does
not broadly overlap the entoplastron as figured for
costarricensis (Auffenberg, 1971; Coto and Acuna,
1986); however, it appears to contact the ento-
hyoplastral suture at the midline (Fig. 13B and D).

Most chelonian fossils collected at El
Lirio Norte are terrestrial and semi-terrestrial
testudinoids, and overall diversity is low compared
to the younger Centenario Fauna from the Cucaracha
Formation (19-18 Ma) (MacFadden et al., 2014)
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Figure 12. Early Miocene rhinoclemmydines from Panama. A—D) Rhinoclemmys (sensu lato) n. sp. (UF 532008) from the
Las Cascadas Formation at El Lirio Norte. Partial left and right epiplastra, left hyoplastron, left costal, and nuchal in A) dorsal
and B) ventral views. C) N1-2 and left C2 in dorsal view. D) Right C5 in visceral view. E) Left epiplastron of Rhinoclemmys
panamaensis (UF 281122) from the Centenario Fauna in dorsal view with right mirror image. Right P7 of F) Rhinoclemmydinae
sp. (UF 281016) and G) Rhinoclemmys panamaensis (UF 281010) in internal view, illustrating differences of inguinal buttress
articular sutures and inguinal musk duct morphology between these two co-occurring morphotypes. H) UF/H 152560, extant
Rhinoclemmys funerea plastral forelobe for comparison. Abbreviations: imd, inguinal musk duct; ings, inguinal buttress suture.
Scale bar equals 3 cm.
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which has more diversity of aquatic, semi-aquatic,
and terrestrial chelonian taxa (Cadena et al., 2012).
Chelonian fossils are also less abundant in the
Las Cascadas Formation than from the Cucaracha
Formation. Most of the fossils from El Lirio Norte
are fragmentary and unfortunately most encased
in extremely hard blue-green tuff that is often
fused to the fossil surfaces with poor separation.
Due to the difficulty of preparing these fossils,
some specimens in the FLMNH collection remain
encased in rock and currently unstudied.

The presence of a ptychogastrine in Panama
at ~21 Ma is surprising but conceivable and
represents a notable geographic range extension
for this primarily European turtle group. A peak
dispersal of Eurasian biota into North America
occurred during the Late Oligocene Warming
(~26-24 Ma) (Jiang et al., 2019) and between
21-18 Ma numerous Asian carnivores dispersed
into North America (Qui, 2003). The anthracothere
Arretotherium meridionale from the Las Cascadas
Formation possesses similar dental characteristics
as  Oligo-Miocene Eurasian  bothriodontine
anthracotheres (Rincon et al., 2013). One of the
oldest North American records of the Old World
flying squirrel Petauristodon is from the Las
Cascadas Formation (MacFadden et al., 2014; p.
129). Itis possible that ptychogastrine turtles arrived
in North America sometime in the late Oligocene
to earliest Miocene and continued to disperse
southward into the New World tropics, arriving
in Panama by the early Miocene. Alternative
hypotheses might include that Forachelys woodi
is descended from proposed ptychogastrine or
ptychogastrine-like stem rhinoclemmydines such
as Bridgeremys pusilla and Notapachemys oglala
which were already present in North America by the
middle and late Eocene respectively (Hutchison,
1996; Hutchison, 2006; Bourque, 2021), or that
multiple dispersals of ptychogastrines from
Eurasia into North America have occurred from
the Eocene to early Miocene. Ptychogastrines
are not documented in the Asian fossil record so
it is unclear if Beringia, the North Atlantic Land
Bridge, or both were utilized as dispersal corridors
from Europe into North America. Numerous

examples of floral and faunal evidence suggest a
North Atlantic connection between North America
and Europe at times from the late Paleocene to
the Oligocene or early Miocene (McKenna, 1975;
Hably et al., 2000; Kvacek et al., 2000; Smith et al.,
2006; Beard, 2008; Denk et al., 2011; Denk et al.,
2012; Ellis et al., 2014; Jiang et al., 2019).

At least three of the chelonians represented
in the Lirio Norte LF have North American affinities,
with the likely exception of the podocnemidid that
resembles Podocnemis from South America, and the
enigmatic tortoise (UF 275495) that looks dissimilar
to other North American testudinids except for the
taxon costarricensis. The more common testudinid
resembles Stylemys from the White River Group
(Chadronian through Whitneyan) of northcentral
North America. Stylemys or aff. ‘Stylemys’ has
been previously reported from the late Oligocene
(Arikareean 1) of southern Mexico (Jiménez-
Hidalgo et al., 2015; Jiménez-Hidalgo et al.,
2021; Carbon-Chanona et al., 2022). The oldest
occurrence of a rhinoclemmydine in southernmost
North America is Rhinoclemmys (sensu lato)
(UF 532008) from the Lirio Norte LF. The
oldest purported rhinoclemmydine ancestors are
Bridgeremys pusilla and Notapachemys oglala
from the middle to late Eocene respectively of the
western-midwestern United States (Hutchison,
2006; Adrian et al., 2021; Bourque, 2021).
During the Oligocene, southern North America
was a plausible paleotropical refugium for more
northern-latitude Eocene associated turtle groups
(e.g., Stylemys group and rhinoclemmydines)
in the cooler climate of the post-Eocene world
(Woodburn, 2004).

The terrestrial landscape in the late Oligocene
to early Miocene (~25-19 Ma) in Panama has been
proposed as tropical North American rainforest
(Jaramillo, 2018) and the presence of the early North
American monkey Panamacebus at El Lirio Norte
(Bloch et al., 2016) indicates that paleotropical
forest was present at or nearby the site at 21 Ma.
El Lirio Norte represents a terrestrial freshwater
fluvial paleodeposit (Rincon et al., 2012) and
previously reported components of the herpetofauna
(Hastings et al., 2013), as well as still unreported
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Figure 13. Chelonians from the Las Cascadas Formation at El Lirio Norte, Panama. A-D) Testudinidae gen. et sp. nov. (UF
275495), carapace and plastron in A) dorsal and B) ventral views. Plastral forelobe (left half) of UF 275495 in C) dorsal and
D) ventral views. E-QG) right epiplastron of Testudinidae aff. Stylemys (male?) (UF 280568) in E) ventral, F) dorsal, and G)
mediolateral views. H-I) partial plastral forelobe of Testudinidae aff. Stylemys (female?) (UF 246844) in H) dorsal and I)
ventral views. J) partial nuchal of Testudinidae gen. et sp. indet. (UF 532151) in dorsal view. K) left carapace portion consisting
of P89 and distal C5-7 of Podocnemididae gen. et sp. indet. (UF 280542) in ventral view. L-M) right P11 of Testudinoidea
gen. et sp. indet. in L) ventral and M) dorsal views. Scale bars equal 3 cm.
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taxa (pers. observ.) and aquatic to semi-aquatic
turtles presented here support that interpretation. El
Lirio Norte likely represents a paleotropical forest
with freshwater streams and/or rivers amongst a
volcanic complex of stratovolcanoes and volcanic
domes (Buchs et al., 2019). Forachelys woodi is
proposed as a tropical forest dwelling turtle that
was likely semi-aquatic/semi-terrestrial and used
relatively shallow freshwater bodies. The thin
fused shell bones and extensive marginal and gular
rims of the carapace and plastron are suggestive of
this life history. Such extensive bony margins are
typically amplified in life when overlain with even
more anteriorly pronounced scutes. The anteriorly
extensive marginal and gular rims superficially
resemble the small tropical forest dwelling tortoises
Kinixys erosa and Kinixys homeana (Ernst and
Barbour, 1989), which have relatively slender heads
and forelimbs that can be withdrawn deeply into the
shell and protected by the pronounced margins of
the anterior shell.

CrapisTiC RESULTS

A parsimony analysis was conducted
for proposed members of the Ptychogastrini
with the matrix of Hervet (2006) (Appendix 1).
Forachelys woodi was recovered nested within the
Ptychogastrini and sister to the taxon saxonica (Fig.
14), which may be a junior synonym of Geiselemys
ptychogastroides (Zimmermann-Rollius, 1966;
Mlynarski, 1977; Hervet, 2006). This result is not
unexpected considering similarities that F. woodi
shares with G. ptychogastroides (Hummel, 1935)
and the Ptychogaster/Temnoclemmys group. The
epiplastra of F. woodi are most similar to numerous
species of Ptychogaster, G. ptychogastroides and
Bridgeremys pusilla. Hutchison (2006, p.75) first
noted this similarity between the latter two taxa. A
second analysis was performed during this study
that incorporated F. woodi, Notapachemys oglala,
B. pusilla, and Rhinoclemmys pulcherrima incisa
into the matrix of Hervet (2006) (see Appendix 1),
of which the position of F. woodi was consistently
nested within the Ptychogastrini. I have chosen to
omit the results here in that they are too preliminary
and problematic regarding these additional taxa

from a temporal perspective and in the absence of
other pertinent geoemydids. Future work might
build upon the observations of previous authors
such as Garbin et al. (2019) and Hervet (2006),
and further develop a detailed phylogenetically
informative morphological matrix for the
Geoemydidae that incorporates ptychogastrines
and proposed stem and crown rhinoclemmydines.

MioceNE TESTUDINOID FosSILS IN CENTRAL AMERICA

In an effort to find more records of
ptychogastrines and better understand rhinoclemmydine
diversity in the Miocene of Central America, I
reexamined chelonian collections housed in the
Division of Vertebrate Paleontology Collection
at the FLMNH from the Panama Canal Basin and
Gracias Formation of Honduras. Findings during
that search are presented here (Figs. 15-18). The
rhinoclemmydine record is rich in the Miocene
of Central America and most localities examined
have at least two co-occurring geoemydids or
rhinoclemmydine morphotypes. Two geoemydid
taxa co-occur in the Lirio Norte LF (~21 Ma).
These are the ptychogastrine Forachelys woodi
and a new species of rhinoclemmydine, tentatively
identified here as Rhinoclemmys (sensu lato) (Fig.
12A-D). It is plausible that Rhinoclemmys n. sp. is
ancestral to Rhinoclemmys panamaensis (Fig. 12E
and G) in that they occur consecutively in the same
region and both taxa resemble R. funerea (Fig. 12H)
and the R. punctularia group (punctularia being
the type species of Rhinoclemmys). The record
of F. woodi from the Las Cascadas Formation is
the latest known occurrence of ptychogastrines in
North America and the New World.

Turtles from the upper Culebra Formation
(early Hemingfordian, ~20-19 Ma [MacFadden
et al., 2014; Buchs et al., 2019]) include large
podocnemidids and trionychids (Cadena et al.,
2012). Previously unreported are large to giant
sized testudinids (e.g., UF 242164, UF 257069, and
UF 533828) (Fig. 16A—B) and a rhinoclemmydine
(UF 242152) (Fig. 17C-D). The rhinoclemmydine
is represented by a single partial left hypoplastron
that is thick with an elongate, akinetic inguinal
buttress.
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The Centenario Fauna (19.05-18.78 Ma
[MacFadden et al., 2014]) has two to three testudinoids
(Cadena et al., 2012; pers. observ.) (Figs. 12E-G and
16C-D). At least two different rhinoclemmydines
occur in the Centenario Fauna. Rhinoclemmys
panamaensis (Fig. 12E and G) is a relatively large-
bodied highly aquatic species similar in many aspects
to Rhinoclemmys funerea (Cadena et al., 2012) (Fig.
12H), and the second taxon is a smaller semi-
aquatic/semi-terrestrial rhinoclemmydine species
with hindlobe kinesis (Fig. 12F). It is notable
that two distinct rhinoclemmydine morphotypes
with presumably diverse life history strategies co-
occurred by this early appearance of Rhinoclemmys.
Previously unreported from the Centenario Fauna
is a mid-sized tortoise with epiplastra (e.g., UF
257065) (Fig. 16C-D) that look almost identical
to ‘Caudochelys’ tedwhitei (Fig. 16E-F) from the
approximately coeval Thomas Farm locality in
north central Florida. The subgenus Caudochelys
Auffenberg (1963) is used throughout this article at
the generic level.

Fossil geoemydids are more fragmentary
and lesser known in late Miocene deposits of

Central America. In Panama, a single C1 (UF
281207) (Fig. 17A-B) that compares well to
Rhinoclemmys is known from the Lower Member
of the Gatun Formation (~11.8 Ma). On the
visceral face of CI1, the sutural contact for the
axillary buttress is preserved. This suture is 23.31
mm long and is more proximally extensive than
in most extant Rhinoclemmys examined, such as
Rhinoclemmys pulcherrima and Rhinoclemmys
funerea, where the axillary buttress terminates
more distally on C1. However, the extensive reach
of the axillary buttress in UF 281207 looks similar
to Rhinoclemmys punctularia (e.g., UF/H 109148)
from northeastern South America.

Turtle remains from the Gracias Formation
of Honduras (~9-6.8 Ma) (Webb and Perrigo,
1984) are highly fragmentary (Fig. 18). The fauna
is composed of multiple similarly aged localities
(Webb and Perrigo, 1984). Two rhinoclemmydine
taxa are present from the Gracias Formation, a
thin-shelled taxon (cf. Rhinoclemmys) (Fig. 18 A—
D) and a thick-shelled box turtle morphotype (Fig.
181-M). The latter undoubtedly represents a new
taxon and resembles the emydine TZerrapene in

Clemmydopsis steinheimensis

Clemmydopsis turnauensis

Ptychogaster emydoides

Ptychogaster ronheimensis

Forachelys woodi

‘Geoemyda’ saxonica

Geiselemys ptychogastroides

Merovemys ploegi

Hummelemys ambigua

Francellia salouagmirae

Paleoemys hessiaca

Figure 14. Single most parsimonious tree using the matrix of Hervet (2006). Forachelys woodi is nested within previously
described ptychogastrine geoemydids. Parsimony analysis conducted using 1000 heuristic search replicates in PAUP* 4.0a
(build 169) (Swofford, 2003). Maximum trees set to 100,000. Character states unordered and equally weighted, and multistate
characters set to polymorphism. Palaeoemys hessiaca used as outgroup. Tree Length=48; CI=0.792; RI=0.833; RC=0.660;

HI=0.229.
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Figure 15. Correlation timeline of Miocene chelonian faunas from Central America discussed here. Records from the Culebra and
Cucaracha formations in part after Cadena et al. (2012) and Bourque (2016); and from the Gracias Formation in part after Webb and
Perrigo (1984) and Bourque (2012). Record from the upper Gatun after Bourque (2016 b). Identifications from the Mio-Pliocene
Curré Formation of Costa Rica after Laurito et al. (2005) and Laurito and Valerio (2010). Grey bar at 26-24 Ma indicates interval
of high biotic dispersal from Eurasia to North America during the Late Oligocene Warming (Tedford et al., 2004; Jiang et al., 2019),
a possible explanation for the presence of the European-like ptychogastrine Forachelys woodi in the Las Cascadas Formation of
Panama at 21 Ma.

Figure 16 (next page). New testudinid records from the early Hemingfordian of Panama. A-B) Caudochelys n. sp. (giant
species) from the Culebra Formation. Entoplastron and right epiplastron (UF 533828) with left mirror image in A) dorsal,
and B) ventral views. C-D) right epiplastron (UF 257065) of ‘Caudochelys’ aff. ‘C.” tedwhitei from the Centenario Fauna
(Cucaracha Formation) in C) ventral, and D) dorsal views. E-F) partial plastral forelobe of ‘Caudochelys’ tedwhitei from
the early Hemingfordian Thomas Farm locality, north-central Florida, in E) ventral, and F) dorsal views for comparison. The
Centenario and Thomas Farm faunas are approximately coeval (Tedford et al., 2004; MacFadden et al., 2014; Buchs et al.,
2019). Scale bars equal 3 cm.
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Figure 17. New rhinoclemmydine records from the Miocene of Panama. A—B) left C1 of a rhinoclemmydine from the Lower
Member of the Gatun Formation in A) ventral, and B) dorsal views. C—D) left partial hypoplastron of a rhinoclemmydine from
the upper Culebra Formation in C) dorsal, and D) ventral views. Abbreviation: axbs, axillary buttress suture. Scale bar equals
3 cm.

features of the nuchal and anterior peripherals. The
thick-shelled taxon is known from the Rancho Lobo
and El Carrizal localities (Webb and Perrigo, 1984)
and possesses pronounced visceral swellings on
the nuchal (Fig. 18J). The thin-shelled morphotype
is present at Las Culebras, Tepusuna, and possibly
Saddle localities (Webb and Perrigo, 1984) and
lacks pronounced ventral swellings on the nuchal
(Fig. 18B). Both forms have a medial keel or
crest on the nuchal and broad V1 with PL1 sulci
that barely overlap the nuchal (Fig. 18A and I). A
posterior peripheral (UF 18124) (Fig. 18G-H) from
Las Culebras may represent the thin-shelled taxon,
but looks dissimilar to modern Rhinoclemmys
examined. It is unclear which rhinoclemmydine
taxon three peripherals (UF 17743; e.g., Fig. 18E-F)
from the Saddle Locality represent but are relatively
thin with distinct crenulated sculpturing along sulci
and growth annuli. The P7 (Fig. I18E—F) has a tall
broad inguinal sutural facet for hindlobe kinesis,
upturned lateral marginal keel, and a musk duct
foramen just posterior to the hypoplastral suture.
Fragments of what appear to be a small emydid
pond turtle were collected at Tepusuna and Las
Culebras, but these are rare and poorly diagnostic
past the tentative family level assignment here.

Giant testudinids (Fig. 18N) occur at Tepusuna,
and some specimens clearly resemble Caudochelys
from more northern localities in North America and
early Miocene of Panama, e.g., a subadult right P8
or P9 (UF 17791). However, other fragments are
atypical for more northerly species of Caudochelys
(e.g., Caudochelys crassiscutata from Florida) and
could represent a second giant taxon or indicate
variability of a single species. Two articulated
posterior peripherals UF 17796 (Fig. 18N) are
relatively thin and have broad scute sulci with
raised sulcal borders, features that are atypical
for Caudochelys but resemble some species of
Chelonoidis or members of the Gopherus group.
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APPENDIX 1

Data A1. Character-taxon matrix used in cladistic analysis, after Hervet (2006) with addition of Forachelys
woodi. Scoring is provided for Bridgeremys pusilla, Notapachemys oglala, and Rhinoclemmys pulcherrima
incisa but these taxa were omitted from this analysis.

[

S O QOO m —m OO OO O o o o|o
—_

O = OO0 = = = =l 0 OO O
[—

N 0 0= — NN == O O
—_
[a—

—_e0 =0 O O ==Y 0 O = = O
—_

—_ O = = = |
—

NN NN =N =N =0 = O o
—_

— = = e = e e e = = O = O O
—_

NN NN oD = o= O O O
—_

O O O|m ===y e = O O O
[\

S O NN = = DN 0O OO oo
(V]

ECRCINCY PICEE NS I S I NS IS G R e = =
N

e ] L R e = N W = ] 1V
[\e)

b b | e e e e e e = OO O WO
[\
N

Taxon

Palaecoemys hessiaca
Francellia salouagmirae
Hummelemys ambigua
Merovemys ploegi
Geiselemys ptychogastroides
'Geoemyda' saxonica
Ptychogaster ronheimensis
Ptychogaster emydoides
Clemmydopsis turnauensis
Clemmydopsis steinheimensis
Forachelys woodi
Bridgeremys pusilla
Notapachemys oglala
Rhinoclemmys pulcherrima incisa
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