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We describe the first Miocene turtle remains from Bolivia, which were collected from the late middle
Miocene (13.18—13.03 Ma) of Quebrada Honda, southern Bolivia. This material includes a large scapula-
acromion and fragmentary shell elements conferred to the genus Chelonoidis (Testudinidae), and a left
xiphiplastron from a pleurodire or side-necked turtle, conferred to Acanthochelys (Chelidae). The
occurrence of a giant tortoise and a freshwater turtle suggests that the paleoelevation of the region when

the fossils were deposited was lower than has been estimated by stable isotope proxies, with a maximum
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elevation probably less than 1000 m. At a greater elevation, cool temperatures would have been beyond
the tolerable physiological limits for these turtles and other giant ectotherm reptiles.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The Bolivian fossil record of turtles is restricted to four Cenozoic
localities. The oldest turtle remains are Paleocene in age and come
from the Vilavila locality in the El Molino Formation, department of
Cochabamba. These specimens pertain to a single species of pleu-
rodire (side-necked turtle; family Podocnemididae), Lapparentemys
vilavilensis Broin, 1971 (sensu Gaffney et al, 2011). Two late
Oligocene (Deseadan South American Land Mammal “Age” or
SALMA) localities have produced turtle remains. Specimens from
Quebrada Saguayo in the Petaca Formation of the department of
Santa Cruz pertain to a cryptodire or hidden-necked turtle, family
Testudinidae (tortoises), cf. Chelonoidis. Undetermined podocne-
midids have been reported from the “Estratos de Salla” of the Salla
locality in the department of La Paz (Broin, 1991). The fourth lo-
cality is the late Pleistocene section of the Nuapua Formation at the
Quebrada de Nuapua, Chuquisaca department, which has produced
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remains of giant tortoises (Chelonoidis sp.) and undetermined
pleurodires (Broin, 1991).

Quebrada Honda is located in the Eastern Cordillera of the Tarija
department of southern Bolivia, close to the border with Argentina
(S21°57' 23.4", W. 65° 9’ 3.9"), at an elevation of ~3500 m (Fig. 1).
The locality has a stratigraphic sequence of fluvial channels,
floodplain and overbank deposits that belong to an unnamed for-
mation of the Honda Group (MacFadden and Wolff, 1981; Croft
et al,, 2011). Quebrada Honda fossils primarily come from two
fossil-producing areas that are separated by approximately 6 km:
one near the town of Quebrada Honda and another near the town
of Rio Rosario. Based on radiometric dates and paleomagnetic
correlations, the fossils collected near the town of Quebrada Honda
(i.e., those comprising the Quebrada Honda Local Fauna sensu Croft,
2007) are late middle Miocene in age, approximately 13.0-12.7
million years old (MacFadden et al., 1990; but see refined age es-
timates below). The outcrops in both areas have produced abun-
dant fossil mammals, principally rodents, notoungulates, and
xenarthrans, that pertain to the Laventan SALMA (Croft, 2007; Croft
et al.,, 2011). Fossil bird remains and ichnofossils have also been
identified through recent field investigations (Croft et al., 2013).
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Fig. 1. Location and stratigraphic framework. A, location of Quebrada Honda, southern Altiplano, Bolivia. B, stratigraphic interval where the fossil tortoise and chelid specimens
were found (modified from a version courtesy of D. Auerbach). C, UATF-V-001867 scapula-acromion in situ, illustrating the surrounding rock matrix.

Despite the abundant fossil remains that have been collected at
Quebrada Honda, its climate, vegetation, and elevation during the
middle Miocene have been poorly constrained. Determining the
paleoelevation, in particular, is not straightforward (e.g., Gregory-
Wodzicki, 2000) and generally must rely on using paleotemper-
ature as a proxy. A recent paper by Garzione et al. (2014) used a soil
temperature proxy (clumped isotope paleothermometry of pedo-
genic carbonates) to estimate the paleoelevation of Quebrada
Honda at 2.6 + 0.6 km. This suggests that the southern Altiplano
rose 1.2—2.6 km during the 3 million years preceding deposition of
the Honda Group and that uplift of the southern Altiplano preceded
that of the northern Altiplano by 3—11 million years. This, in turn,
has important implications for tectonic modeling of Central Andean
uplift as well modeling of middle Miocene climates and weather
patterns.

Here we describe the first occurrences of fossil turtles at Que-
brada Honda, which also constitute the only Miocene turtle re-
mains from Bolivia and the first fossil chelids reported for the
country. Although the fossil material is fragmentary, it preserves
enough characteristics to be identified as belonging to two taxa: (1)
a giant tortoise of the genus Chelonoidis, the most abundant extant
and fossil South American tortoise genus (de la Fuente et al., 2014);
and (2) a taxon conferred to Acanthochelys, a chelid genus with
abundant current distribution in southern South America (de la
Fuente et al., 2014; van Dijk et al., 2014). In addition to describing
this material, we discuss the implications these fossils have for
assessing the paleoelevation of Quebrada Honda.

2. Materials and methods
One of the fossil tortoise specimens described here consists of a

right scapula-acromion element (UATF-V-001867). A three-
dimensional surface model of this specimen was acquired using a

Hexagon Metrology ROMER Absolute Arm 7-Axis SI 3D scanner
with 0.040 mm dimensional scan accuracy at think[box] Institute
for Collaboration and Innovation at Case Western Reserve Univer-
sity. A video of the surface mesh model is available as Supple-
mentary Data 1. The internal angle between the scapula and the
acromion processes was measured using Image] (Abramoff et al.,
2004) angle tool. Shell fragments correspond to a left epiplastron
associated with the scapula-acromion and two fragments of a
costal bone collected elsewhere (UATF-V-00964).

Supplementary data related to this article can be found online at
http://dx.doi.org/10.1016/j.jsames.2015.10.013.

Altitude and geographical data for three extant species of
Chelonoidis (Ch. carbonaria, Ch. denticulata, Ch. nigra and Ch. chi-
lensis) and for nine species of chelids (Chelus fimbriata, Phrynops
geoffroanus, P. tuberosus, P. hilarii, Platemys platycephala, Meso-
clemmys gibba, Hydromedusa maximiliani, H. tectifera, and Acan-
thochelys pallidipectoris) were obtained from the Global
Biodiversity Information Facility (GBIF, 2015), for records with
geographical information but without altitude data, we use Google
Earth 7.1.5.1557 to establish their corresponding altitude. Species
with just one or two geographical points were included in the
Supplementary Data 1, but excluded from the elevation plots, these
include: P. williamsi, M. raniceps, M. vanderhaegei, M. dahlia, M.
heliostemma, and A. spixii.

Institutional abbreviations — AMNH, American Museum of
Natural History, Herpetological collection, New York, USA; ICN,
Instituto de Ciencias Naturales, Universidad Nacional de
Colombia, Bogota, Colombia; MNHN, Muséum national d'Histoire
naturelle, Paris, France; MNMW, Naturhistoriches Museum Wien,
Viena, Austria, MTKD, Senckenberg Natural History Collections,
Dresden, Germany; UATF-V, Universidad Autonoma Tomas Frias,
Potosi, Bolivia; USMN, United States National Museum, Washing-
ton, USA.
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3. Systematic paleontology

TESTUDINES Batsch, 1788.

CRYPTODIRA Cope, 1868.

TESTUDINIDAE Gray, 1825.

Chelonoidis Fitzinger, 1835.

cf. Chelonoidis.

Figs. 2 and 3.

Referred material — UATF-V-001867 (scapula-acromion and left
epiplastron), UATF-V-00964 (costal bone fragments) and UATF-V-
001778 (right xiphiplastron).

Locality and geological age — The specimens described here were
collected near the base of the stratigraphic section, which corre-
sponds to Unit 2, lower Quebrada Honda section of MacFadden and
Wolff (1981). Based on ongoing stratigraphic and paleomagnetic
studies at the site (Croft et al., 2013), this level is within local
magnetic polarity zone N1. According to MacFadden et al. (1990),
this zone correlates to polarity chron C5AAn, which is presently
estimated to span 13.18—13.03 Ma (Ogg, 2012).

Description and comparisons — UATF-V-001867 is a scapula-

acromion bone, moderately affected by crushing, missing the
most distal portions of both processes and having a total width as
preserved of 23 cm (Fig. 2A—D). The most proximal portion of the
coracoid is also preserved, articulated to the scapula-acromion. The
glenoid cavity is large and deep as in extant and fossil giant tor-
toises, and the internal angle between the scapula-acromion pro-
cesses is 142°. Very wide internal angles between scapula-
acromion processes are characteristic of terrestrial turtles (tor-
toises), whereas freshwater and some marine turtles have more
acute angles (Depecker et al., 2006). For example, this angle mea-
sures 121° in a specimen of the Galapagos giant tortoise Chelonoidis
nigra (USMN 015192; Fig. 2E—F) but only 79° in the freshwater
Podocnemis expansa (AMNH 62947; Fig. 2G—H).

A left epiplastron (UATF-V-001867; Fig. 3A—D) found associated
with the scapula-acromion is considered here as belonging to the
same individual. As in all other giant Chelonoidis spp., the epiplas-
tron is a very thick bone (3.5 cm), lacking of a strong sutural medial
contact with the right epiplastron. On the ventral surface there is a
well defined gular-humeral sulcus that exhibits the characteristic
testudinid shape: similar to a canal with high lateral walls (Fig. 3C)

gle

121¢

H

Fig. 2. UATF-V-001867 scapula-acromion of cf. Chelonoidis. A, lateral view; B, glenoid in posterior view; C—D, medial view; E—F, pectoral girdle (scapula-acromion, and coracoid) in
medial view of the extant tortoise Chelonoidis nigra (USMN 015192); G—H, scapula-coracoid in medial view of the extant freshwater turtle Podocnemis expansa (AMNH 62947).
Abbreviations: acp, acromial process; cor, coracoid; gle, glenoid capsule; scp, scapular process.



E.A. Cadena et al. / Journal of South American Earth Sciences 64 (2015) 190—198 193

Fig. 3. Shell fragments of cf. Chelonoidis. A—D, UATF-V-001867, left epiplastron. A—B, ventromedial view; C, lateral view; D, close-up of the red circle in B, showing the vermiculated
sculpturing. E-H, UATF-V-00964, two costal bone fragments. E, fragment 1, dorsal view; F, ventral view, red arrows indicate different direction of bone tissue; G, fragment 2, dorsal
view. H—I, UATF-V-001778, right xiphiplastron in ventral view. Abbreviations: Ana, anal scute; bm, bite marks (possible); Fem, femoral scute; Gul, gular scute; Hum, humeral scute;
mcs, medial contact surface. Scale bar of 2 cm applies for A—C, 5 cm for E-G, and 10 cm for H—I. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

and a highly dense vermiculated bone surface (Fig. 3D).

UATF-V-00964 (Fig. 3E—G) includes two fragments of costal
bones, potentially belonging to the same costal. Unfortunately,
neither of the fragments preserves indicative sulci. However, on the
ventral surface of one of the fragments, there are changes in the
orientation of the bone tissue, with a “sulcus-like” separation of the
patterns (Fig. 3F, red arrows), similar to that present in a recently
described middle Miocene tortoise from the Castilletes Formation
of northern Colombia (Cadena and Jaramillo, in 2015, fig. 6.6). On
the dorsal surface of both costal fragments there is possible evi-
dence of bite-marks represented by a rounded-circular and slightly
deep pit, one in each bone. However, considering that no crocodile
fossils have yet been discovered at Quebrada Honda, these pits
could have been caused by bioerosion or another taphonomic
process.

UATF-V-001778 (Fig. 3H—I) corresponds to a right xiphiplastron,
missing its most anteromedial portion. On the ventral surface, there
is a clearly defined sulcus between the anal and the femoral scutes.
The most posterior tip of the xiphiplastron has a relatively flat facet,
evidencing a very robust anal scute tip.

Remarks — The morphology of the scapula-acromion described
here and its large size resemble the pectoral girdle elements of both
the extant Galapagos giant tortoise Chelonoidis nigra and fossils
representatives of the genus such as Ch. lutzae (Zacarias et al., 2013)
from the late Pleistocene of Argentina. The turtle shell elements
from Quebrada Honda also resemble other fossil tortoises from
South America such as the early to middle Miocene tortoise from
the Castilletes Formation of Colombia (Cadena and Jaramillo, 2015).
Nevertheless, there are no undisputable diagnostic features that
permit genera of tortoises (Testudinidae) to be distinguished based
only on pectoral girdle elements and shell fragments. A major
obstacle to understanding the evolution of tortoises in South
America is the lack of complete articulated skeletons with associ-
ated cranial and postcranial elements. Such remains would make it
possible to determine whether all of these fossils truly belong to a
single genus or to several genera of which only one is still alive
today.

TESTUDINES Batsch, 1788.

PANPLEURODIRA sensu Cadena and Joyce, 2015.

CHELIDAE Lindholm, 1929.



194 E.A. Cadena et al. / Journal of South American Earth Sciences 64 (2015) 190—198

Acanthochelys Gray, 1873.

cf. Acanthochelys.

Fig. 4.

Referred material — UATF-V-001850 (left xiphiplastron).

Locality and geological age — same as for cf. Chelonoidis.
mentioned above.

Description and comparisons — UATF-V-001850 is a left xiphi-
plastron bone, missing a portion of its medial and lateral margins at
the femoro-anal sulcus level, having a maximum width as pre-
served of 3.6 cm and maximum length as preserved of 4.5 cm,
indicating a juvenile turtle (Fig. 4A—D). In dorsal view (Fig. 4A and
B), the pubis scar is oval in shape and the ischium scar is triangular
elongated in shape, projected medially. A relatively wide and pos-
itive relief surface (lip) that runs almost parallel to the lateral
margin of the bone indicates the area that was covered by the anal
and femoral sulcus; it is limited medially by a moderate step before
the visceral surface. The contact between the anal and the femoral
scutes is indicated a moderate notch on the lateral margin of the
xiphiplastron. The anal notch has a wide V-shape. In all these as-
pects, UATF-V-001850 resembles the xiphiplastra of species of

Acanthochelys (see Fig. 5 for comparisons among chelid genera).
The xiphiplastra of Acanthochelys spp., including UATF-V-
001850, can be distinguished from those of all other South Amer-
ican chelids as detailed below based on our observations of at least
one species of each extant genus. Mesoclemmys (M. dahlia) lacks a
wide, continuous lip for the anal and femoral scutes and has a more
posteriorly projecting ischium scar. Platemys (P. platycephala) ex-
hibits a shallower anal notch, which has a wide U-shape in some
cases, and has a narrower lip for the anal and femoral scutes.
Phrynops (P. geoffroanus) has an ischium scar that projects more
horizontally toward the midline of the plastron and is narrower
medially; Phrynops also lacks a wide, continuous lip for the anal and
femoral scutes, and in some cases exhibits a deeper lateral notch.
Xiphiplastra of Hydromedusa (H. tectifera) differ in having a very
narrow ischium scar that is closely positioned to margin of the anal
notch margin, which is always very deep, exhibiting either a U
(mostly males) or V (mostly females) shape. Because of this deep
anal notch, the ischium scar is positioned very close to it and is very
narrow along its entire length. Additionally, the lip for the anal and
femoral scutes is very narrow in Hydromedusa, and the anterior

Fig. 4. Left xiphiplastron of cf. Acanthochelys. UATF-V-001850. A, B, dorsal view. C, D, ventral view. Abbreviations: Ana, anal scute; Fem, femoral scute; isc, ischium scar; pbs, pubis

scar.
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A. pallidipectories
MNHN-Uncatg.

Pl. platychephala
NMW1830

P. geoffroanus
NMW1833

A. spixii
NMW1829

Pl. platychephala
MNHN1986-151

P. geoffroanus
NMW1832

A. macrocephala
MTKD43477

cf. Acanthochelys
UATF-V-001850

M. dahli
ICN7656

H. tectifera
NMW1826

H. tectifera
NMW1827

C. fimbriata
NMW1859

Fig. 5. Xiphiplastra of extant South American chelids, including at least one species of each extant genus, only juveniles to adult specimens included. Red shadow marks pubis scar,
blue shadow marks ischium scar, and black line marks boundary of the lip between anal and femoral scutes. Abbreviations: A, Acanthochelys; C, Chelus; H, Hydromedusa; M,
Mesoclemmys; P, Phrynops; P, Platemys. Specimens are all to same scale. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.)

margin of both xiphiplastra (left and right) is very oblique, forming
a tapering acute tip medially. Chelus (C. fimbriata) has: a very wide
U-shaped anal notch with long, narrow posterior tips; a ischium
scar that almost matches the anal notch in outline and is located
very close to it; a pubis scar almost parallel to the midline axis of
xiphiplastra; and no well-defined lip for the anal and femoral
scutes.

Remarks — The xiphiplastron from Quebrada Honda represents a
panpleurodire based on the strong suture between the pelvis and
the plastron (see Cadena and Joyce, 2015) as evidenced by the pubis
and ischium scars. In general, the xiphiplastra of chelids differ from
all other pancryptodires, particularly from the south american
extant genera Podocnemis and Peltocephalus in having a deeper
lateral notch at the femoroanal sulcus, as well as more inclined
(tapering) lateral margins (except Chelus), and pubic scar that is
oval but less elongated (wider).

4. Discussion
4.1. Paleobiogeographical implications

The occurrence of giant tortoises at Quebrada Honda, in the
Eastern Cordillera of southern Bolivia, expands the paleogeo-
graphical distribution of Miocene South American tortoises, which
now includes records from: Honda Group, La Venta, Colombia
(Wood, 1997); Castilletes Formation, Alta Guajira Peninsula,
Colombia (Cadena and Jaramillo, 2015); Gaiman and Sarmiento
formations, Chubut Valley (Chubut province) and Andalhuala For-
mation, (Catamarca province), Argentina (de la Fuente et al., 2014
and references therein); and Quebrada Honda, Bolivia (this
study). Although the turtle material described here is too frag-
mentary to allow its inclusion in a phylogenetic study, its closer
proximity to Argentina than to the northern South American
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localities suggests that it may be related to the tortoises that
inhabited southeastern South America during the Miocene such as
Chelonoidis gringorum (Simpson, 1942) and ?Ch. gallardoi (Rovereto,
1914) or even the smaller tortoises from late Oligocene, Petaca
Formation of Bolivia (Broin, 1991). Other vertebrates from Que-
brada Honda are known to show such a pattern. Quebrada Honda
mammals are more similar to those of Miocene sites in Argentina
than those of La Venta (Croft, 2007). Similarly, phorusrhacid “terror
birds” are known from Quebrada Honda (Croft et al.,, 2013) and
many sites in Argentina but have yet to be reported from northern
South America (Alvarenga and Hofling, 2003; Tambussi and
Degrange, 2013).

Currently, five genera of chelid turtles inhabit the lowland
fluvial systems of Bolivia (van Dijk et al., 2014): Chelus, Meso-
clemmys, Phrynops, Platemys, and Acanthochelys. Thus, the occur-
rence of cf. Acanthochelys in the middle Miocene Quebrada Honda is
not surprising from a biogeographical standpoint. Nevertheless,
this discovery is very important because represents the first record
of fossil chelids in Bolivia as well as the potential earliest occur-
rence of the genus Acanthochelys in South America. Additionally,
the occurrence of cf. Acanthochelys. in the late middle Miocene of
Bolivia significantly shortens the ghost lineage for this genus; a
recent phylogenetic hypothesis considered Chelus and Acan-
thochelys to be sister genera that diverged from one another prior to
the early Miocene (see Maniel and de la Fuente, in press).

4.2. Implications for the paleoelevation of the southern Altiplano

Generally turtles are ectotherms, which means they rely on
environmental heat sources for normal physiological and metabolic
functions (Angilleta and Dunham, 2003). Environmental tempera-
ture mainly varies according to latitude and elevation (i.e., higher
latitudes and elevations typically experience lower temperatures)
(Ashton and Feldman, 2003). Extant tortoises are globally distrib-
uted and inhabit a wide range of latitudes spanning tropical to
temperate zones in all continents except Australia (Rhodin et al.,
2010). However, in terms of elevation or altitude in meters above
sea level, they tend to be restricted to areas of low elevation: 0 to
~1200 m in the case of North American tortoises (Morafka et al.,
1989; Nussear et al., 2009), 0 to ~1800 m for Asian, European,
and African tortoises (Stubbs, 1989; Broadley, 1989), and only
0—~950 m for South American Chelonoidis (Fig. 6A) (GBIF, 2015; see
Supplementary Data 2). There is no evidence of any large, sus-
tainable population of extant South American continental tortoises
living at elevations higher that 900 m, at least not that has been
scientifically confirmed by coordinates and precise elevation data.
This could be due to the challenges any ectotherm must face when
living at very high elevation, including hypoxia, cold temperatures,
and intense UV radiation (Yang et al., 2015). Giant tortoises in
continental areas such as the one described here may have been
more resilient than smaller tortoises and behaved like endotherms
during basking by increasing their body temperature (Barrick et al.,
1999; references there in) and retaining heat better in coolers areas.
However, we consider it unlikely that the giant tortoise from
Quebrada Honda could have developed and completed metabolic
and physiological requirements at Quebrada Honda if the site were
located at elevations between 2000 and 3200 m, as estimated from
isotopic analyses (Garzione et al., 2014). At these high elevations,
the mean annual temperature can be below the critical tempera-
ture not only for the existence of adult tortoises, but also for the
incubation of eggs (<10 °C; Huey, 1982). Indeed, Garzione et al.
(2014) estimated the mean annual air temperature (MAAT) at
Quebrada Honda at 4—13 °C. A low paleoelevation, probably below
1000 m, is further supported by the occurrence of a freshwater
chelid (cf. Acanthochelys) at Quebrada Honda. Extant chelids

presently do not inhabit elevations higher than ~800 m, (see Fig. 6B,
and Supplementary Data 2), and are restricted to fluvial systems,
mostly in lowlands.

The hypothesis of a lower paleoelevation for this particular re-
gion of the southern Altiplano is also supported by the discovery of
a large fossil snake in the same stratigraphic levels as the tortoise
and chelid specimens described here (J. Head, personal communi-
cation). Several groups of Quebrada Honda mammals, including
astrapotheres (Astrapotheria: Astrapotheriidae) and palaeothentid
marsupials (Paucituberculata), may also indicate a lower paleo-
elevation. Astrapotheres and palaeothentids were widespread in
South America through the early middle Miocene, became
restricted to tropical latitudes during the late middle Miocene, and
apparently went extinct by the late Miocene (Bown and Fleagle,
1993; Dumont and Bown, 1997; Johnson and Madden, 1997;
Goillot et al., 2011; Vallejo-Pareja et al., 2015). This Miocene
biogeographic pattern parallels that of platyrrhine primates and
porcupines (Rodentia: Erethizontidae), mammals that today are
restricted to tropical to subtropical, generally forested habitats. The
most likely explanation for these changes is that they are associated
with the contraction of warm, humid habitats concomitant with
global cooling following the middle Miocene Climatic Optimum
(MMCO) (e.g., Pascual et al., 1996; Ortiz-Jaureguizer, 2003). Thus,
the presence of an astrapothere and several species of palae-
othentids at Quebrada Honda suggests late middle Miocene envi-
ronmental conditions similar to tropical lowlands (i.e., northern
South America) rather than temperate latitudes and/or higher el-
evations (i.e., southern South America). The same may be true of
the rodents Mesoprocta hypsodus (family Dasyproctidae), Que-
bradahondomys potosiensis (family Echimyidae), and Acarechimys
sp. (superfamily Octodontoidea) (see Croft et al., 2011). The recent
discovery of astrapothere remains at the early middle Miocene site
of Cerdas, Bolivia (Croft, in prep), further argues against a signifi-
cant elevation difference between these two sites; the paleo-
elevation of Cerdas was estimated by Garzione et al. (2014) at
400—1800 m.

Although no plant fossils have been identified from Quebrada
Honda, paleoelevation estimates for two other Miocene sites in
Bolivia based on foliar physiognomy suggest that the Altiplano
experienced MAATSs of roughly 16—24 °C and likely had an eleva-
tion <1600 m (+1000 m) through the early late Miocene (Gregory-
Wodzicki et al., 1998; Gregory-Wodzicki, 2002). These estimates are
concordant with those based on clumped isotopes for Cerdas but
are lower than clumped isotope estimates for Quebrada Honda. The
faunal data reported here support estimates based on plant phys-
iognomy and suggest that clumped isotope data may overestimate
paleoelevation in the case of Quebrada Honda. In this regard,
Garzione et al. (2014:179) note that their method “results in a
minimum MAAT estimate that would tend to over-predict paleo-
elevations” and that “this method is most accurate for paleosols
that formed at higher elevations.” The discrepancy between these
lines of evidence could result from high levels of precipitation at
Quebrada Honda and/or greater depth of carbonate formation, both
of which could result in lower apparent soil temperatures and
therefore greater apparent elevation estimates (Garzione et al.,
2014).

4.3. Taphonomic and possible reworking considerations

We exclude a potential reworking event of these fossils from
older sequences for two reasons. First, from a taphonomic stand-
point, the bone preservation resembles that of other, more com-
plete fossils found at the site, principally mammals, which include
complete skulls and partial skeletons. The occurrence of articulated
bones such as the coracoid and scapula-acromion also argue
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Fig. 6. Box plots of altitudinal ranges for the four extant species of Chelonoidis and nine species of chelids, obtained from GBIF (2015). A, box plot for elevation in meters (m), for
Chelonoidis denticulata, Ch. carbonaria, Ch. nigra and Ch. chilensis. B, box plot for elevation in meters (m), for Phrynops geoffroanus, P. tuberosus, P. hilarii, Chelus fimbriata, Platemys
platycephala, Mesoclemmys gibba, Hydromedusa maximiliani, H. tectifera, and Acanthochelys pallidipectoris (raw data in Supplementary Data 2). Median values are designated by
horizontal bars and the range is designated by the vertical line. The upper and lower edges of the box are the 25th and 75th percentiles. The locations of the specimens are shown in
the South America map. Gray shadow represents the composite total geographic distribution for Testudinidae and Chelidae in South America based on van Dijk et al. (2014).

against reworking, as does the absence of extreme abrasion-erosion
of the bone surface. Nevertheless, it is possible that the bones went
through some transport inside the fluvial-floodplain system before
final burial. Second, the Miocene sequence at Quebrada Honda is
underlain by partly metamorphosed Paleozoic strata. No fossil
bones have been reported from these levels, and turtles of this age
have never been reported.

5. Conclusion

The discrepancies among paleoelevation estimates for the
middle Miocene of Quebrada Honda based on fossil tortoise and
chelid remains (this study) and stable isotopes (Garzione et al.,
2014) demonstrate the importance of additional sampling of
these and other types of proxies in this section as well as in other
sedimentary sequences in the area (e.g., Rio Rosario). This will
permit a more refined understanding of the distribution of isotopic
values within the section as well as factors independent of

temperature that could affect isotope-based paleotemperature es-
timates. Similarly, additional sampling of the fossil record may
reveal additional middle Miocene herpetofauna including other
elevation/temperature-limited lineages such as crocodiles and
freshwater turtles.

Acknowledgments

We thank D. Auerbach, M. de la Fuente, C. Garzione, L. Gibert, C.
Jaramillo, and B. Saylor for helpful discussions of topics addressed
in this contribution; T. Matson and R. Mulheim (Cleveland Museum
of Natural History); B. Carroll and D. Chapman (Cleveland Museum
of Natural History) for assistance with fossil preparation and
specimen curation; D. Auerbach, P. Cabrera, A. Carlini, P. Carlini, A.
Catena, R. Chavez, M. Ciancio, ]. Conrad, A. Deino, N. Drew, C. Gar-
zione, L. Gibert, P. Higgins, B. MacFadden, G. Mendez, B. Saylor, and
J. Smith for assistance in the field; R. Krajci of think[box] at Case
Western Reserve University for assistance with scanning UATF-V-



198 E.A. Cadena et al. / Journal of South American Earth Sciences 64 (2015) 190—198

001867. We also that the Facultad de Ingenieria Geoldgica of the
Universidad Auténoma Tomas Frias for supporting fieldwork at
Quebrada Honda. Funding for this research was provided by the
National Geographic Society Committee for Research and Explo-
ration (NGS 8115-06 to D. Croft), the National Science Foundation
(EAR 0958733 to D. Croft), and Alexander Von Humboldt Founda-
tion (Georg Forster Fellowship), Germany. Special thanks to the
three reviewers of the manuscript.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jsames.2015.10.013.

References

Abramoff, M.D., Magelhaes, PJ., Ram, SJ., 2004. Image processing with Image].
Biophot. Int. 11, 36—42.

Alvarenga, H.M.F,, Hofling, E., 2003. Systematic revision of the Phorusrhacidae
(Aves: Ralliformes). Papéis Avulsos Zool. 43, 55—91.

Angilleta, M.J., Dunham, A.E., 2003. The temperature-size rule in ectotherms:
simple evolutionary explanations may not be general. Am. Nat. 162, 332—342.

Ashton, K.G., Feldman, C.R., 2003. Bergmann's rule in nonavian reptiles: turtles
follow it, lizards and snake reverse it. Evolution 57, 1151-1163.

Barrick, R.E., Fischer, A.G., Showers, W.J., 1999. Oxygen isotopes from turtle bone:
applications for terrestrial paleoclimates? Palaios 14, 186—191.

Batsch, A.J., 1788. Versuch einter Anleitung, zur Kinntniss und Geschichte der Thiere
und Mineralien (Jena).

Bown, T.M., Fleagle, ].G., 1993. Systematics, biostratigraphy, and dental evolution of
the Palaeothentidae, later Oligocene to early-middle Miocene (Deseadan-San-
tacrucian) caenolestoid marsupials of south America. ]. Paleontol. 67, 1-76.

Broadley, D.G., 1989. Testudo graeca Spur-thighed tortoise. In: Swingland, R,
Klemens, M.K. (Eds.), The Conservation Biology of Tortoises. UCN/SSC Tortoise
and Freshwater Turtle Specialist Group, Broadview, pp. 47—49.

Broin, ED., 1971. Une espéce nouvelle de Tortue pleurodire (?Roxochelys vilavilensis
n. sp) dans le Crétacé supérieur de Bolivie. Bull. Soc. Géologique Fr. S7 13 (3—4),
445—452.

Broin, F.D., 1991. Fossil turtles from Bolivia. Rev. Técnica YPFB 12, 509—527.

Cadena, E.A., Jaramillo, C.A., 2015. Miocene turtles from the northernmost tip of
south America; giant tortoises, chelids, and podocnemids from Castilletes for-
mation, Colombia. Ameghiniana 53, 56—69.

Cadena, E.A., Joyce, W.G., 2015. A review of the fossil record of turtles of the clades
Platychelyidae and Dortokidae. Bull. Peabody Mus. Nat. Hist. 56, 3—20.

Cope, E., 1868. On the origin of genera. Proc. Acad. Nat. Sci. Phila. 20, 242—300.
Croft, D.A., 2007. The middle Miocene (Laventan) Quebrada Honda fauna, southern
Bolivia, and a description of its notoungulates. Palaeontology 50, 277—-303.
Croft, D.A., Anaya, F, Catena, A., Ciancio, M., Engelman, R., 2013. New species, local
faunas, and paleoenvironmental data for the middle Miocene Quebrada Honda
fauna, Bolivia. ]. Vertebr. Paleontol. 109. SVP Program and Abstracts Book 2013.

Croft, D.A., Chick, ].M.H., Anaya, F.,, 2011. New middle miocene caviomorph rodents
from quebrada honda, Bolivia. . Mammalian Evol. 18, 245—268.

de la Fuente, M.S,, Sterli, J., Maniel, I, 2014. Origin, Evolution and Biogeographic
History of South American Turtles. Springer, Heidelberg.

Depecker, M., Berge, C., Penin, X., Renous, S., 2006. Geometric morphometrics of the
shoulder girdle in extant turtles (Chelonii). . Anat. 208, 35—45.

Dumont, E.R., Bown, T.M. 1997. New caenolestoid marsupials. In: Kay, R.F,
Madden, R.H., Cifelli, R.L, Flynn, JJ. (Eds.), Vertebrate Paleontology in the
Neotropics: the Miocene Fauna of La Venta, Colombia. Smithsonian Institution
Press, Washington, D.C, pp. 207—212.

Fitzinger, L., 1835. Entwurf einer systematischen anordnung der Schildkréten nach
den grundsatzen der natiirlichen methode. Ann. Wien. Mus. Naturgeschichte 1,
103—-128.

Gaffney, E.S., Meylan, P.A., Wood, R.C., Simons, E., Campos, D.D., 2011. Evolution of
the side-necked turtles: the family Podocnemididae. Bull. Am. Mus. Nat. Hist.
350, 1-237.

Garzione, C.N., Auerbach, DJ., Smith, JJ.S., Rosario, JJ., Passey, B.H., Jordan, TE.,
Eiler, .M., 2014. Clumped isotope evidence for diachronous surface cooling of
the Altiplano and pulsed surface uplift of the Central Andes. Earth Planet. Sci.
Lett. 393, 173—-181.

Gray, J.E., 1873. Observations on chelonians, with description of a new genera and
species. J. Nat. Hist. 11, 289—308.

GBIF, 2015. Global Biodiversity Information Facility. www.gbif.org.

Goillot, C., Antoine, P.O., Tejada, J., Pujos, F., Gismondi, R.S., 2011. Middle Miocene

Uruguaytheriinae (Mammalia, Astrapotheria) from Peruvian Amazonia and a
review of the astrapotheriid fossil record in northern south America. Geo-
diversitas 33, 331—-345.

Gray, J.E., 1825. A synopsis of the genera of saurian reptiles and amphibia, with a
description of some new species of reptiles. Ann. Philos. 10, 193—217.

Gregory-Wodzicki, K.M., 2000. Uplift history of the Central and northern Andes: a
review. Geol. Soc. Am. Bull. 112, 1091-1105.

Gregory-Wodzicki, KM., 2002. A late Miocene subtropical-dry flora from the
northern Altiplano, Bolivia. Palaeogeogr. Palaeoclimatol. Palaeoecol. 180,
331-348.

Gregory-Wodzicki, K.M., McIntosh, W.C,, Velasquez, K., 1998. Climatic and tectonic
implications of the late Miocene Jakokkota Flora, Bolivian Altiplano. J. S. Am.
Earth Sci. 11, 533—560.

Johnson, S.C., Madden, R.H., 1997. Uruguaytheriine astrapotheres of tropical south
America. In: Kay, RF, Madden, RH., Cifelli, R.L, Flynn, JJ. (Eds.), Vertebrate
Paleontology in the Neotropics: the Miocene Fauna of La Venta, Colombia.
Smithsonian Institution Press, Washington, D.C, pp. 355—381.

Lindholm, W.A, 1929. Revidiertes Verzeichnis der Gattungen der rezenten
Schildkroten nebst Notizen zur Nomenklatur einiger Arten. Zool. Anz 81,
275-295.

MacFadden, BJ., Anaya, F.,, Perez, H., Naese, CW., Zeitler, P.K., Campbell, K.E., 1990.
Late Cenozoic paleomagnetism and chronology of Andean basins of Bolivia:
evidence for possible oroclinal bending. J. Geol. 98, 541-555.

MacFadden, BJ., Wolff, R.G., 1981. Geological investigations of Late Cenozoic
vertebrate-bearing deposits in southern Bolvia. In: Il Congreso Latinoamericano
de Paleontologia, pp. 765—778.

Maniel, 1J., de la Fuente, M.S., 2015. A review of the fossil record of turtles of the
clade Pan-Chelidae. Bull. Peabody Mus. Nat. Hist. (in press).

Morafka, D.J., Aguirre, G., Adest, G.A., 1989. Testudo graeca Spur-thighed tortoise. In:
Swingland, R., Klemens, M.K. (Eds.), The Conservation Biology of Tortoises. UCN/
SSC Tortoise and Freshwater Turtle Specialist Group, Broadview, pp. 12—15.

Nussear, K.E., Esque, T.C., Inman, R.D., Gass, L, Thomas, K.A. Wallace, CS.,
Blainey, J.B., Miller, D.M., Webb, RH., 2009. Modeling Habitat of the Desert
Tortoise (Gopherus agassizii) in the Mojave and Parts of the Sonoran Deserts of
California. U. S. Geological Survey, Nevada, Utah, and Arizona, p. 24.

Ogg, J.G., 2012. Geomagnetic polarity time scale. In: Gradstein, EM., Ogg, ].G.,
Schmitz, M., Ogg, G. (Eds.), The Geologic Time Scale 2012. Elsevier, New York.

Ortiz Jaureguizar, E., 2003. Relaciones de similitud, paleoecologia y extincion de los
Abderitidae (Marsupialia, Paucituberculata). Coloquios Paleontol. Extra 1,
475—498.

Pascual, R., Ortiz-Jaureguizar, E., Prado, J.L, 1996. Land mammals: paradigm for
Cenozoic south American geobiotic evolution. In: Arratia, G. (Ed.), Contributions
of Southern South America to Vertebrate Paleontology. Miinchner Geo-
wissenschaftliche Abhandlungen 30 (A), Munich, pp. 265—319.

Rhodin, A.G., Paul van Dijk, P., Iverson, ].B., Shaffer, H.B., 2010. Turtles of the world,
2010 update: annotated checklist of taxonomy, synonymy, distribution, and
conservation status. Chelonian Res. Monogr. 5, 85—163.

Rovereto, C., 1914. Los estratos Araucanos y sus fosiles. An. Mus. Hist. Nat. Buenos
Aires 25, 1-24.

Simpson, G.G., 1942. A Miocene tortoise from Patagonia. Am. Mus. Novitates 1209,
1-6.

Stubbs, D., 1989. Testudo graeca Spur-thighed tortoise. In: Swingland, R,
Klemens, M.K. (Eds.), The Conservation Biology of Tortoises. UCN/SSC Tortoise
and Freshwater Turtle Specialist Group, Broadview, pp. 31—36.

Tambussi, C.P, Degrange, FJ., 2013. South American and Antarctic Continental
Cenozoic Birds. Paleobiogeographic Affinities and Disparities. SpringerBriefs in
Earth System Sciences, p. 118.

Vallejo-Pareja, M.C., Carrillo, ]J.D., Moreno-Bernal, ].W., Pardo-Jaramillo, M., Rodri-
guez-Gonzalez, D.F., Munoz-Duran, J., 2015. Hilarcotherium castanedaii, gen. et
sp. nov., a new Miocene astrapothere (Mammalia, Astrapotheriidae) from the
upper Magdalena Valley, Colombia. J. Vertebr. Paleontol. 35, €903960.

Van Dijk, PP, Iverson, ].B., Rhodin, A.G.]., Shaffer, H.B., Bour, R., 2014. Turtles of the
World, 7th Edition: Annotated Checklist
of Taxonomy, Synonymy, Distribution with Maps, and Conservation Status.
Chelonian Research Foundation, p. 151.

Wood, R., 1997. Turtles. In: Flynn, J.,, Madden, RH., Cifelli, R.L, Kay, RF. (Eds.),
Vertebrate Paleontology in the Neotropics: the Miocene Fauna of La Venta,
Colombia. Smithsonian Institution Press, Washington, D.C, pp. 155—170.

Yang, Y., Wang, L., Han, ], Tang, X., Ma, M., Wang, K., Zhang, X., Ren, Q., Chen, Q.,
Qui, Q., 2015. Comparative transcriptomic analysis revealed adaptation mech-
anism of Phrynocephalus erythrurus, the highest altitude Lizard living in the
Qinghai-Tibet Plateau. BMC Evol. Biol. 15, 101.

Zacarias, G.G., de la Fuente, M.S., Fernandez, M.S., Zurita, A.E., 2013. Nueva especie
de tortuga terrestre gigante del género Chelonoidis Fitzinger, 1835 (Cryptodira:
Testudinidae), del miembro inferior de la Formacién Toropi/Yupoi (Pleistoceno
tardio Lujanense), Bella Vista, Corrientes, Argentina. Ameghiniana 50, 45—50.


http://dx.doi.org/10.1016/j.jsames.2015.10.013
http://dx.doi.org/10.1016/j.jsames.2015.10.013
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref1
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref1
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref1
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref2
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref2
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref2
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref2
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref2
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref3
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref3
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref3
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref4
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref4
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref4
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref5
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref5
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref5
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref6
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref6
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref7
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref7
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref7
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref7
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref8
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref8
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref8
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref8
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref9
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref10
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref10
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref10
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref11
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref11
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref11
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref11
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref12
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref12
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref12
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref13
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref13
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref14
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref14
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref14
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref15
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref15
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref15
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref16
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref16
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref16
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref17
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref17
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref18
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref18
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref18
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref19
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref19
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref19
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref19
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref19
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref20
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref21
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref21
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref21
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref21
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref22
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref22
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref22
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref22
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref22
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref23
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref23
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref23
http://www.gbif.org
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref25
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref25
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref25
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref25
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref25
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref26
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref26
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref26
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref27
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref27
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref27
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref28
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref28
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref28
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref28
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref29
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref29
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref29
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref29
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref30
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref30
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref30
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref30
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref30
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref31
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref31
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref31
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref31
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref31
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref32
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref32
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref32
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref32
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref33
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref33
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref33
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref33
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref34
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref34
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref35
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref35
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref35
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref35
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref36
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref36
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref36
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref36
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref37
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref37
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref38
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref38
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref38
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref38
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref38
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref39
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref39
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref39
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref39
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref39
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref40
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref40
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref40
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref40
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref41
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref41
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref41
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref41
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref42
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref42
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref42
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref43
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref43
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref43
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref43
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref44
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref44
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref44
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref45
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref45
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref45
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref45
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref45
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref46
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref46
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref46
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref46
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref47
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref47
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref47
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref47
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref49
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref49
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref49
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref49
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48
http://refhub.elsevier.com/S0895-9811(15)30078-X/sref48

	Giant fossil tortoise and freshwater chelid turtle remains from the middle Miocene, Quebrada Honda, Bolivia: Evidence for l ...
	1. Introduction
	2. Materials and methods
	3. Systematic paleontology
	4. Discussion
	4.1. Paleobiogeographical implications
	4.2. Implications for the paleoelevation of the southern Altiplano
	4.3. Taphonomic and possible reworking considerations

	5. Conclusion
	Acknowledgments
	Appendix A. Supplementary data
	References


