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Late Miocene capybaras from Argentina:
Skull anatomy, taxonomy, evolution, and biochronology

MARIA GUIOMAR VUCETICH, CECILIA M. DESCHAMPS, EMMA CAROLINA VIEYTES,
and CLAUDIA 1. MONTALVO

‘ Vucetich, M.G., Deschamps, C.M., Vieytes, E.C., and Montalvo, C.I. 2014. Late Miocene capybaras from Argentina:
ﬁ Skull anatomy, taxonomy, evolution, and biochronology. Acta Palaeontologica Polonica 59 (3): 517-535.

Fossil capybaras are morphologically extremely varied, but previous studies have disagreed on whether this diversity
reflects intraspecific variation or the existence of multiple species. Here, we review the capybaras from the classic Argen-
tinian Late Miocene localities of Parana River cliffs (“conglomerado osifero” of the Ituzaingd Formation, Entre Rios),
and Chillhué¢ and Guatraché shallow lakes (Cerro Azul Formation, La Pampa), and perform a morphometric analysis of
their upper cheek teeth and the posterior portion of the rostrum. Our results confirm that all of the specimens from the
“conglomerado osifero” belong to the single species Cardiatherium paranense. In addition, we refer a specimen from
Tupungato (Rio de los Pozos Formation, Mendoza) to C. paranense, thus expanding its geographical range. The material
from La Pampa represents a different taxon, and is here preliminary referred to Cardiatherium aff. orientalis. Our sys-
tematic interpretation of Late Miocene capybaras suggests that the early radiation of this group was not as explosive as
previously thought, and was likely constrained by the early acquisition of large size, increasing complexity of the cheek
teeth, and probably semi-aquatic habits.
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early evolution of Cavioidea sensu stricto, but the history
of the cavioid crown group (Caviidae + Hydrochoeridae)
remains relatively obscure.

Within the crown group, capybaras are particularly in-
teresting owing to their large size, semi-aquatic habits, and
their propensity to form large herds (Mones and Ojasti 1986).
Capybaras are further characterised by ever-growing cheek
teeth with a peculiar occlusal morphology. The latter con-
sists of a complicated pattern of re-entrant folds, and largely
forms the basis for the taxonomy of the group. Although the
oldest hydrochoerids are known from the Middle Miocene
of Patagonia, capybaras first occur in the early Late Mio-

Introduction

Capybaras, maras, and guinea pigs (Cavioidea sensu stricto;
Patterson and Wood 1982) are among the most divergent
lineages within the South American Hystricognathi, and one
of the most distinctive lineages among rodents as a whole
(Landry 1957, 1999; Mares and Ojeda 1982; Wood 1955).
Cavioids sensu stricto are first known from the Late Oli-
gocene, and include the extinct “eocardiids”, caviids, and
hydrochoerids (following Vucetich and Pérez 2011, we con-
sider Hydrochoeridae to be of family-level rank). Living

hydrochoerids are represented by the gigantic, semi-aquat-
ic capybaras (Hydrochoerus) and the small rock-dwelling
mocos (Kerodon), but the family also includes the extinct
cardiomyines. Several recent studies (Pérez 2010a, b; Pérez
and Vucetich 2011) have advanced our understanding of the
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cene of central Argentina (Vucetich and Pérez 2011). By the
end of the Miocene, fossil capybaras are recorded in all of
South America, but commonly occur in just a small num-
ber of formations, including the “conglomerado osifero” of
the Ituzaingé Formation (Entre Rios Province), the Cerro
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Fig. 1. Map showing the localities mentioned in the text. 1, Parand, En-
tre Rios Province; 2, Laguna Guatraché and Laguna Chillhué, La Pampa
Province; 3, Arroyo Chasico, Buenos Aires Province; 4, Albardon, San
Juan Province; 5, Rincon Chico, Chubut Province; 6, Tupungato, Mendoza
Province; 7, Barrancas de San Gregorio, San José, Uruguay.

Chubut

Azul Formation (La Pampa Province), the Arroyo Chasicé
Formation (Buenos Aires Province), and the Puerto Madryn
Formation (Chubut Province) (Fig. 1; Deschamps et al. 2009
and literature therein). In all of these units, capybaras always
occur in levels indicative of an aquatic environment.

Fossil capybaras show a high degree of morphological
variation. Previous authors interpreted this variability as re-
flecting taxonomic diversity, resulting in the description of
23 genera and 59 species grouped in four subfamilies (see
Mones 1991 for a systematic review). Most of this diversity
is concentrated in the Late Miocene, especially in material
from the “conglomerado osifero”, from which 10 genera and
18 species have been described. Mones (1991) reviewed the
systematics of the capybaras from this unit, and rearranged
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them into seven genera and 14 species, ranging in size from
the small Anchimys and Anchimysops, somewhat larger than
modern rock cavies (Kerodon) and guinea pigs (Cavia), to
the gigantic Anatochoerus and Cardiatherium, similar in
size to living capybaras. Vucetich et al. (2005) provided a
very different interpretation of the fossil record of capyba-
ras, and suggested the morphological diversity of the lower
teeth from the “conglomerado osifero” to reflect ontogenetic
variation within a single species, Cardiatherium paranense
(Ameghino, 1883a). Subsequently, Vucetich et al. (2012)
further suggested that indeed all of the material (skulls and
jaws) from this unit belongs to C. paranense. However, this
hypothesis has not yet been tested.

In this paper, we provide a detailed review of the Late
Miocene capybaras from Argentina including evidence from
skulls and upper check teeth, thus complementing previous
studies which largely focused on the morphology of the
mandible and the lower dentition. In addition, we report the
results of a morphometric analysis of the rostrum and up-
per cheek teeth, and briefly discuss the implications of our
findings for the generic and suprageneric taxonomy of fossil
capybaras.

Institutional abbreviations.—GHUNLPam, Facultad de
Ciencias Exactas y Naturales, Universidad Nacional de La
Pampa, Santa Rosa, Argentina; PVSJ, Instituto y Museo de
la Universidad Nacional de San Juan, San Juan, Argentina;
MACN, Museo Argentino de Ciencias Naturales “Bernardi-
no Rivadavia”, Ciudad Autébnoma de Buenos Aires, Argen-
tina; MLP, Museo de La Plata, La Plata, Argentina; MMH-
CH, Museo de Monte Hermoso (Chasic6 collection), Monte
Hermoso, Argentina; MMP, Museo Municipal de Ciencias
Naturales “Lorenzo Scaglia”, Mar del Plata, Argentina;
MPCNP, Museo Provincial de Ciencias Naturales de Parana,
Argentina; MPEF-PV, Museo Paleontoldgico Egidio Ferug-
lio, Trelew, Argentina.

Other abbreviations.—PC, Principal Component; PCA, Prin-
cipal Component Analysis; RW, relative warps; SALMA,
South American Land Mammal Age.

Historical background

The history of the rich taxonomy of fossil capybaras began
with Ameghino (1883a), and continued with the recognition
of new taxa throughout the 20th Century (e.g., Kraglievich
1927; Pascual and Bondesio 1961 ; Francis and Mones 1965a,
b). However, few authors (Ameghino 1889; Kraglievich in
Kraglievich and Parodi 1940; Mones 1991) have attempted
to interpret the evolutionary history of the clade as a whole.

Two main factors favoured the proliferation of nominal
taxa, which have mostly been based on differences in size and
variations of a peculiar, but monotonous, dental morphology.
First, no associated skulls and mandibles were recovered
during the first 80 years of research. Consequently, different
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species were erected based on mandibles and lower teeth
on the one hand, and palates and upper teeth on the other. It
was only in 1965 that Francis and Mones (1965a) described
Cardiatherium talicei on the basis of associated skull and
mandible fragments including teeth, followed several years
later by the description of associated skull and mandible
fragments of Kiyutherium aff. orientalis (Pascual and Bond-
esio 1982; the skull fragment is currently lost). Secondly, the
unusual development of the teeth of capybaras—with tooth
size increasing during most of their lives, and allometric
growth of some features generating considerable morpholog-
ical change during ontogeny (Vucetich et al. 2005)—drove
specialists to consider different morphologies and sizes as
different species. This proliferation of names, together with
the fact that taxa were generally only represented by a sin-
gle specimen (often an isolated tooth), led to the idea that
capybaras had a long and poorly recorded history marked
by slow evolutionary rates and a general tendency towards
an increase in size, as well as an increase in the complexity
of the occlusal surface of the cheek teeth (Ameghino 1889;
Kraglievich in Kraglievich and Parodi 1940).

A significant milestone in the taxonomic history of capy-
baras was the description of Kiyutherium orientalis Francis
and Mones, 1965b from the Late Miocene sediments of Bar-
rancas de San Gregorio, San José, Uruguay (Fig. 1). This
record, based on a single mandible, introduced the idea of the
existence of another group of capybaras coeval with Cardia-
therium, characterised by their smaller size and relatively
deep flexi. Kiyutherium was later recorded at several locali-
ties all over South America (e.g., Bondesio 1985a, b; Frailey
1986; Yrigoyen 1993b; Linares 2004). Vucetich et al. (2005)
argued that K. orientalis was difficult to distinguish from C.
paranense exclusively on the basis of the occlusal morphol-
ogy of the lower cheek teeth. Consequently, these authors
considered the genus Kiyutherium to be a junior synonym
of Cardiatherium, but refrained from modifying the taxo-
nomic status of the species pending the publication of more
comprehensive analyses. The material from the Cerro Azul
Formation (Huayquerian South American Land Mammal
Age, Late Miocene) is especially interesting in this regard,
as it includes several associated skulls and mandibles (Fig. 1:
locality 2) assigned to either Kiyutherium aff. orientalis (Pas-
cual and Bondesio 1982) or K. orientalis (Rocha and Mon-
talvo 1999). However, this material has never been studied
beyond the occlusal morphology of the lower teeth, and we
here for the first time provide a description of the skulls and
upper cheek teeth. Another significant specimen studied here
is a small skull (MLP 71-VI-16-1) from Tupungato (Mendo-
za Province; Fig. 1: locality 6), which was first mentioned by
Bondesio (1979) without any collection number or system-
atic assignment. Subsequent studies referred the specimen to
either Kiyutherium aff. orientalis (Bondesio and Vucetich in
Yrigoyen 1993b), or K. cf. orientalis (Yrigoyen 1993a), but
without providing any descriptions or illustrations.

All the Late Miocene capybaras—including taxa based
on either mandibular or cranial remains—were original-

ly grouped in the subfamily Cardiatheriinae (Kraglievich,
1930), characterised by cheek teeth with united laminae.
However, Mones (1975) realised that some capybaras could
be distinguished by their “broad snout” and proposed that
all the “broad-snouted capybaras” (some cardiatheriines
and the hydrochoerine Hydrochoeropsis Kraglievich, 1930
from the Pliocene of Jujuy Province, NW Argentina; Fig. 1)
should be grouped into a subfamily of their own. This idea
was formalised by Mones and Vucetich (in Mones 1991),
who erected the subfamily Anatochoerinae to include the
“broad-snouted” capybaras from the “conglomerado osife-
ro” (Anatochoerus and Contracavia) plus Hydrochoeropsis,
while other skull fragments from this unit, all of them very
small in size, were assigned to different genera and species.
However, several recent studies have raised doubts as to the
validity of this subfamilial arrangement (Prado et al. 1998;
Vucetich et al. 2005; Vucetich et al. 2012).

Material and methods

In addition to the specimens reviewed in this study (see
Systematic palaeontology section), two other species of the
genus Cardiatherium, and the living Hydrochoerus hydro-
chaeris were used for comparisons:

(i) Cardiatherium chasicoense (Pascual and Bondesio,
1968) is known only from its type locality (Arroyo Chasicd,
Buenos Aires Province; Arroyo Chasicd Formation, early
Late Miocene; Fig. 1: locality 3), and from Albardén (Loma
de las Tapias Formation, San Juan Province; Fig. 1: locality
4; Deschamps et al. 2007, 2009). The only known skull could
not be included in this analysis owing to heavy damage.
However, the following isolated upper teeth were includ-
ed: P4 (MMH-CH 86-9-71f; MMH-CH 87-7-49; MMH-CH
88-6-39; MMH-CH 88-6-92f), and M1/M2 (MLP 76-VI-12-
98c, MLP 76-VI-12-100, MMP 319, MMP 305a, MMH-CH
88-6-92a, MMH-CH 87-7-104b).

(ii) Cardiatherium patagonicum Vucetich, Deschamps,
Olivares, and Dozo, 2005 is known from Rincén Chico and
La Pastosa (Peninsula Valdés, Chubut Province; uppermost
levels of the Puerto Madryn Formation, Late Miocene; Fig. 1:
locality 5; Dozo et al. 2010). We included one skull (MPEF-
PV 2521) in our analysis, based on photographs (Dozo et al.
2010: fig. 4). In addition, we included the following isolated
upper teeth (Vucetich et al. 2005): P4 (MPEF-PV 740/14,
MPEF-PV 740/22), and M1/M2 (MPEF-PV 740/13, MPEF-
PV 740/15, MPEF-PV 740/16, MPEF-PV 740/23).

(iii) Hydrochoerus hydrochaeris (Linnaeus, 1766). Be-
cause the Late Miocene material studied here includes spec-
imens potentially representing different ontogenetic stages,
we included a range of differently-aged individuals of the
living species in order to investigate age-related morpho-
logical changes of the palate. This material belongs to the
collection of Seccion Mastozoologia, MLP: MLP 1915, MLP
1918, MLP 1920, MLP 1921; MLP 2030, MLP 2031, MLP
2032, and MLP 2033.

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



520

A I
. primary external
Prism | flexus (HPE)
fundamental
internal flexus (HFI)
secondary external anterior
Prism Il | flexus (HSE) /L)
lingual

B —_
o

<

<

iS)

C

o

k)

8

HSE)‘ §

oyt 2

[0]

Fig. 2. Tooth nomenclature (A), measurements (B), and landmarks (1-8)/
semilandmarks (small circles) (C) on right P4 of Cardiatherium paranense
(Ameghino, 1883a). 1, labial end of prism I; 2, lingual end of prism I; 3,
maximum depth of fundamental internal flexus; 4, lingual end of prism II;
5, labial end of prism II; 6, maximum depth of primary external flexus; 7, la-
bialmost point of isthmus; 8, maximum depth of secondary external flexus.

Differentiation of ontogenetic stages in fossil specimens
was crucial for the purpose of this study. The order of tooth
eruption and the degree of occlusal wear could not be used in
this case, because capybaras are born with the full permanent
dentition and even with wear (Mones 1991). Vucetich et al.
(2005) showed that, in capybaras, the cheek teeth continue
growing in all dimensions, and that their occlusal morphol-
ogy keeps changing through life (or at least most of it), with
size being a good indicator of relative age within a given
species. In particular, the difference in size between the apex
and the base is conspicuous in juveniles, before gradually
decreasing in larger individuals and becoming hardly notice-
able above a certain body size. For example, in the M3 of the
holotype of Anchimysops radicei (MACN 3353), the antero-
posterior length is 9.23 mm at the occlusal surface and 12.92
mm at the base of the tooth (40% larger); in MLP 87-XI-1-2,
these measurements are 18.79 mm and 19.41 mm (3.3% larg-
er), respectively, whereas in MLP 41-XII-13-161a they are
31.78 mm and 31.99 mm (0.66% larger). In addition to cheek
tooth morphology, we identified juvenile specimens based on
their relatively small size, the presence of more porous bone
even in those areas that later develop into thick compact bone
(Currey 1984), the degree of closure of sutures, and mandib-
ular morphology (see Ojasti 1973; Vucetich et al. 2005). All
of the small individuals, but none of the larger specimens,
showed juvenile characters, thus reinforcing the idea of a
size/age relationship within this group.

We used multivariate techniques to analyse the morphol-
ogy of the rostrum and the upper check teeth, in order to
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test previous systematic hypotheses (Mones 1975, 1991;
Vucetich et al. 2005; Deschamps et al. 2007, 2009). Tooth
nomenclature and measurements (Fig. 2A, B) follow Vu-
cetich et al. (2005). We performed a Principal Component
Analysis (PCA) based on nine linear measurements of the
rostrum (Table 1, Fig. 3) of Cardiatherium paranense, C. aff.
orientalis, and Hydrochoerus hydrochaeris (all representing
a range of ontogenetic stages) as an exploratory analysis of
the patterns of morphological variation. Measurements were
taken directly on specimens using digital callipers (0.01 mm)
and analysed in PAST v. 2.08 (Hammer et al. 2001; Hammer
2007). Because of the small sample size, missing data arising
from the inclusion of fragmentary fossil specimens were es-
timated by data imputation (as implemented in PAST), using

rostral width at the anterior margin of the anterior root

of the zygomatic arch (complete, or up to the midline
and doubled in incomplete specimens)

posterior width
of incisive foramen

width between the anteriormost points of the scars
marking the origin of the masseter superficialis

) . ) muscle
distance between posterior margin

of the incisive foramen and P4

rostral width at the level of P4, measured
at the alveolar margin of prism |

anterior root of zygomatic arch

. rostral width at the posterior margin

of anterior root of the zygomatic arch (complete,

or up to the midline and doubled in
incomplete specimens)

P4-M1 anteroposterior length

rostral width at the level of M2, measured
at the alveolar margin of prism ||

20 mm

incisive foramen .
\ anterior root

of zygomatic arch

scar marking the origin of the
masseteric superficialis muscle

Fig. 3. Late Miocene capybara Cardiatherium paranense (Ameghino,
1883a), MLP 87-XI-1-3a, from Parana River cliffs, Huayquerian SALMA,
in ventral (A, B) and left lateral (C, anterior to left) views. A. Skull measure-
ments. B. Skull landmarks: 1, posterior limit of anterior root of the zygomat-
ic arch; 2, lateralmost point of prism I of P4, measured on the alveolar rim;
3, anteriormost point of scar marking the origin of the masseter superficialis
muscle; 4, anterior limit of anterior root of the zygomatic arch; 5, midpoint
of posterior margin of incisive foramen; 6, midpoint between both P4s at the
level of prism I on the maxillary suture. C. Skull landmarks: 1, posterior end
of incisive foramen; 2, anterior limit of anterior root of the zygomatic arch;
3, posterior limit of anterior root of the zygomatic arch; 4, point between M1
and M2 on the alveolar plane; 5, point between P4 and M1 on the alveolar
plane; 6, point in front of P4 on the alveolar plane; o, angle formed by the
anterior root of the zygomatic arch and the alveolar margin of the cheek teeth
in lateral view.
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Table 1. Skull measurements (in mm) of fossil (Cardiatherium) and extant (Hydrochoerus) capybaras from Argentina. 1, posterior limit of anterior
root of the zygomatic arch; 2, lateralmost point of prism I of P4, measured on the alveolar rim; 3, anteriormost point of scar marking the origin of the
masseter superficialis muscle; 4, anterior limit of anterior root of the zygomatic arch; 5, midpoint of posterior margin of incisive foramen; 6, midpoint

between both P4s at the level of prism I on the maxillary suture.

Specimen 1 2 3 4 5 6 7 8 9
MLP40-XI-15-2 4.00 28.97 | 20.80 | 13.12 | 26.22 | 32.08 | 11.12 | 17.35 18
MLP41-XII-13-153 3.20 30.70 | 17.60 | 12.80 | 28.00 | 24.00 | 11.80 | 17.78 18

§ MLP69-X11-2-19 28.66 | 19.20 | 15.60 | 25.80 1420 | 13.92 18
% MLP71-VI-16-1 3.80 22.64 | 16.00 | 10.70 | 21.44 | 27.40 9.00 12.56 18
g MLP87-XI-1-1 4.46 2943 | 24.00 | 14.68 | 26.19 17.25 | 16.35
= | MLP87-XI-1-3 3.32 27.84 | 20.80 | 13.66 | 25.16 15.99 | 1545
g MLP87-XI-1-3a 5.42 3244 | 21.60 | 14.80 | 29.00 15.70 | 22.50 18
% MLP87-X1-1-27 8.01 4372 | 28.00 | 19.42 | 37.70 | 43.90 | 22.53 | 22.31 18
S | MACN1049 5.31 29.36 | 18.00 | 13.90 | 26.40 16.12 | 19.66 18
S [ MACN1050 5.43 31.30 | 19.00 | 14.93 | 28.30 15.80 | 20.36 19
MACN3336 4.76 2572 | 19.00 | 10.79 | 25.53 | 32.41 12.50 | 18.04
MACN13469 4.55 3240 | 20.00 | 14.25 | 28.33 | 37.50 | 15.53 | 20.26 18
_— GUNLPam5236 2.50 13.90 | 12.80 8.10 15.00 7.20 10.17 25
25 GUNLPam2009 2326 | 16.00 | 13.18 | 23.26 | 30.49 15.40 24
2 % GUNLPam5274 2.70 21.84 | 19.20 | 12.95 | 22.15 | 32.68 | 16.50 | 16.79 26
g S| GUNLPam14452 2.50 25.56 | 19.20 | 13.60 | 25.56 | 33.81 15.14 | 17.07 24
S % GUNLPam14661 3.00 27.39 | 19.20 | 14.88 | 26.60 | 3534 | 17.42 | 18.83 25
GUNLPam27389 3.00 29.05 | 27.00 | 17.44 | 28.25 | 36.85 | 18.80 | 18.29 24
MLP 1915 8.30 32.20 | 27.00 | 23.00 | 40.60 | 50.00 | 24.20 | 24.00 17
" MLP 1918 8.30 40.00 | 34.10 | 23.50 | 43.20 | 52.00 | 19.10 | 27.20 13
g % MLP 1920 9.00 33.60 | 29.00 | 23.00 | 40.10 | 50.40 | 20.60 | 26.00 13
g ‘;S MLP 1921 10.20 | 33.10 | 30.90 | 24.20 | 42.00 | 50.50 | 21.20 | 26.30 15
_g _g MLP 2030 8.30 33.90 | 2620 | 21.00 | 39.40 | 45.00 | 18.10 | 21.70 16
2 2 MLP 2031 10.00 | 34.50 | 30.00 | 24.60 | 40.00 | 4830 | 15.80 | 26.50 14
MLP 2032 5.30 25.00 16.00 | 30.65 | 36.50 | 13.00 | 20.00
MLP 2033 5.00 16.20 11.00 | 20.20 | 23.60 9.20 11.60 15

observed values to estimate likely values for the unobserved
cases (Schafer and Olsen 1998). All data were standardised
to unit variance prior to analysis (Zar 1984). Tooth measure-
ments (Table 2) were not included, because they were not
informative for this sample according to a preliminary PCA.

We analysed the global morphology of the rostrum and
the variation in P4 and M1-2 occlusal shape using geomet-
ric morphometric techniques, which offer an effective way
of analysing variation in complex structures difficult to de-
scribe in terms of linear measurements. Two-dimensional
coordinates were captured from two sets of digital images
representing the geometry of the rostrum, one with the palate
perpendicular to the optical axis of the camera (ventral view),
and the other one with the lateral aspect of the rostrum per-
pendicular to this axis (lateral view). In cases where one side
of the rostrum was missing or damaged, we used the mirrored
image of the contralateral side. The position of the rostrum
and the camera lens plane, as well as distance to the camera
lens were standardised following Zelditch et al. (2004). Six
type II landmarks located on the palate (Fig. 3B) (Bookstein
1991) were digitised using photographs of C. paranense,
C. aff. orientalis, C. patagonicum, and H. hydrochaeris. C.
chasicoense was excluded because the only known skull is
extremely fragmentary. Another set of six type Il landmarks

located on the lateral side of the rostrum (Fig. 3C) was re-
corded for C. paranense and C. aff. orientalis. C. patagon-
icum, and H. hydrochaeris could not be included, because
in the available material of these taxa the area of interest
is hidden by the zygomatic arch. For the cheek teeth, we
recorded eight type Il landmarks located on the occlusal
surface (Fig. 2C) of C. paranense, C. aff. orientalis, C. pata-
gonicum, and C. chasicoense, and analysed them separately
for P4 and M1-2, respectively. To evaluate the shape of the
prisms between these landmarks, we additionally scored 40
semilandmarks, which were evenly distributed in groups of
ten between landmarks 1 and 2, 2 and 3, 4 and 5, and 7 and
8 (Fig. 2C). H. hydrochaeris was not included in either of
these analyses, because in this species the cheek teeth are at
a different evolutionary stage in which prisms are already
separated at a very early postnatal stage.

In all cases, Cartesian coordinates for each landmark and
semilandmark were obtained using TPSDIG, version 2.12
(Rohlf 2008). The effects of translation, rotation and scal-
ing of the landmark and semilandmark configuration were
removed using generalised Procrustes analysis (GPA; Rohlf
1990; Rohlf and Slice 1990; Mitteroecker and Gunz 2009).
Semilandmarks were slid to minimise the variation tangen-
tial to the curve using the “minimum bending energy” crite-
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Table 2. Tooth measurements (in mm) of the upper cheek teeth of fossil (Cardiatherium) and extant (Hydrochoerus) capybaras from Argentina.
Abbreviations: AP, anteroposterior length; AW, anterior width; HPEL, primary external flexus length; HSEL, secondary esternal flexus length;

PW, posterior width.
Specimen P4 M1 M2 M3
AP | AW |HPEL|HSEL| PW | AP | AW |HPEL|HSEL| PW | AP | AW |HPEL|HSEL| PW | AP | AW
MACN 1049 9.50 | 6.20 [33.00] 1.40 | 8.00
MACN 1050 9.90 |6.10 | 460 | 2.30 | 9.00 | 860 | 7.50 | 4.50 | 1.20 | 9.00
MACN 3336 7.20 20.13
MACN 3353 9.23
MACN 13434 12.00 [ 8.20 | 5.70 | 2.00 [ 9.70 | 11.00 | 8.70 | 6.00 | 2.00 | 9.70
MACN 13465 920 630 ] 420 | 120 | 730 | 8.10 | 7.40 | 4.50 | 1.00 | 7.40 | 8.10 | 620 | 460 | 1.00 | 7.20
MACN 13469 9.00 |6.00 | 4.00 | 1.00 | 7.10 | 840 | 7.00 | 400 | 1.00 | 730 | 7.60 | 7.00 | 4.00 | 130 | 7.60 [ 2558 7.46
MLP 40-XI-15-2 800 |4.96 | 176 | 1.60 | 9.44 | 7.20 | 7.04 | 2.40 | 0.64 | 7.68 | 6.40 | 720 | 1.92 | 0.96 | 7.84 | 20.00 | 6.88
MLP 41-XI1-13-1 20.12] 8.16
g MLP 41-XII-13-153 | 832 | 6.08 | 3.52 | 1.60 | 7.36 | 7.84 | 6.88 | 4.00 | 160 | 7.52 | 720 | 7.52 | 416 | 192 | 7.68 7.20
§ MLP 41-XII-13-161 3758 | 10.72
| MLP 41-XIL-13-161a 3241 1072
| MLP 41-X11-13-171 2112 | 6.56
3 [MLP 41-X11-13-233 9.76 | 8.16 | 4.00 | 0.96 | 9.12
§ MLP 41-XI1-13-233a | 848 | 6.40 | 2.72 | 1.60 | 7.20
MLP 41-XI1-13-291 32.80 | 8.00
MLP 52-X-5-75a 26.40 | 7.20
MLP 69-XI1-2-19 | 7.50 |4.59 | 2.04 | 1.02 | 489 | 6.63 | 4.89 | 2.24 | 0.71 | 550
MLP 71-VI-16-1 6.08 | 464192096 | 464 | 512 | 496 | 2.56 | 096 | 4.64 | 496 | 544 | 240 | 176 | 5.44 | 12,69 | 5.93
MLP 87-XI-1-1 9.60 |7.04 | 288 | 1.44 | 8.00 | 8.00 | 7.68 | 3.36 | 0.96 | 7.68
MLP 87-XI-1-2 1872 | 6.88
MLP 87-XI-1-3 8.16 | 6.08 | 3.04 | 1.76 | 7.36 | 720 | 6.40 | 320 | 1.12 | 7.20
MLP 87-XI-1-3a 11.04 800 | 512 | 1.60 | 8.80 | 9.60 | 8.64 | 4.16 | 1.44 | 880 | 8.00 | 832 | 416 | 224 | 8.96
MLP 87-XI-1-27 1168 [7.36 | 3.84 | 192 | 7.68 | 9.92 | 6.40 | 4.00 | 0.64 | 8.56 | 9.12 | 6.40 | 400 | 0.96 | 7.20 [ 27.20 | 7.36
GHUNLPam 139 5.60 | 5.44 | 240 | 0.80 | 6.08 | 5.60 | 592 | 2.56 | 1.12 | 5.92 | 6.88
GHUNLPam 5236 | 5.28 |3.36| 1.92 | 0.80 | 4.16 | 4.48 | 4.00 | 1.76 432

GHUNLPam 5274 736 (528|272 | 1.28 | 576 | 592 | 592 | 272 | 128 | 6.72 | 7.68 | 640 | 2.88 | 0.88 | 6.56 | 18.77 | 6.19

GHUNLPam 8978 4.80 | 3.04| 1.44 | 0.48 | 3.68 | 4.00 | 3.36 | 1.60

GHUNLPam 14452 880 [5.76 | 2.56 | 2.08 | 7.52 | 7.68 | 6.88 | 3.04 | 1.28 | 7.84 | 6.72 | 7.52 | 3.36 | 1.60 | 7.68 | 20.44 | 7.60

GHUNLPam 14661 9.76 | 528 | 2.88 | 1.60 | 6.72 | 832 | 6.72 | 3.52 | 0.96 | 6.56 | 8.16 | 6.72 | 3.68 | 1.44 | 6.40 | 20.75 | 7.17

GHUNLPam 14985 9.23 1642|281 | 1.09 | 7.83 | 892 | 7.20 | 2.97 | 0.62

GHUNLPam 21572 8.48

Cardiatherium aff. orientalis

GHUNLPam 27389 9.28 | 5.76 | 2.72 | 1.44 | 7.20 | 7.36 | 7.04 | 336 | 0.96 | 7.04 21.53 | 7.74

MLP 1915 0 0 0 0 0 19.396|9.083 | 6.264 | 5.168 | 9.709 | 9.553 | 9.239 | 5.324 | 5.011 0 |3884]9.553

MLP 1918 14.09 [ 9.40 | 7.52 | 6.26 | 12.06 | 11.28 | 10.81 | 7.20 | 5.79 | 11.28 | 12.06| 11.28 | 7.05 | 7.05 | 14.09| 0 0

MLP 1920 14.09 | 9.40 | 6.58 | 6.26 | 10.96 | 10.34 | 10.02 | 5.95 | 5.48 | 10.96 | 10.02| 9.08 | 5.48 | 5.01 |10.96 | 37.27 | 10.34

MLP 1921 13.00 | 8.46 | 6.11 | 5.64 | 10.49|10.02 | 10.18 | 5.79 | 5.17 | 10.96 | 10.49| 10.18 | 6.26 | 5.64 | 12.68 | 38.52 | 10.81

MLP 2031 13.47 | 9.87 | 7.05 | 6.26 | 11.43|10.49 | 10.49 | 6.11 | 5.95 | 11.28 38.05 | 10.65

MLP 2032 7.83 | 720 | 3.76 | 423 | 8.14 | 7.67 | 7.20 | 3.45 | 3.76 | 7.99 |29.60 | 8.14

Hydrochoerus hydrochaeris

MLP 2033 595 [3.60 | 1.88 | 2.35 | 470 | 5.01 | 454 | 2.04 | 2.19 | 5.01 | 5.01 | 438 | 2.04 | 2.19 | 470 | 18.17 | 5.17

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



VUCETICH ET AL.—LATE MIOCENE CAPYBARAS FROM ARGENTINA 523

rion (Bookstein 1997; Gunz et al. 2005; Perez et al. 2006).
We performed Principal Component analyses to summarise
the major trends in shape variation in a low-dimensional
morphospace, using TPSRELW version 1.46 (Rohlf 2008).
Shape differences were described by means of deformation
grids (Bookstein 1989; Monteiro and dos Reis 1999; Zelditch
et al. 2004).

Geological setting

The material described in this paper was derived from three
separate localities and formations including: (i) the “conglom-
erado osifero” (“bonebed conglomerate” sensu Behrensmey-
er 1991; Rogers et al. 2007), a fluvial, sandy conglomerate at
the base of the Ituzaingd Formation (Herbst 2000), exposed
along the cliffs of the Parana River near Parana City, Entre
Rios Province. The “conglomerado osifero” is also called
“Mesopotamiense”, and was assigned to the Huayquerian
South American Land Mammal Age (SALMA), Late Mio-
cene (Cione et al. 2000), based on its mammalian content
and the age of the underline marine Parana Formation; (ii) the
Rio de los Pozos Formation, an alluvial unit associated with
semi-permanent water courses (Milana and Zambrano 1996)
exposed at Tupungato, Mendoza Province. This formation is
likely no younger than 5.8 Ma, and no older than 8.2—7.4 Ma,
or Late Miocene, based on interpretations of the stratigraphic
sequence and absolute dating of the over- and underlying
units (Chiaramonte et al. 2000; Irigoyen et al. 1995); (iii) the
Cerro Azul Formation, consisting of massive, brown-red-
dish, sandy silt with loessic erosion (Linares et al. 1980), ex-
posed at Laguna Chillhué and Laguna Guatraché, La Pampa
Province. At these localities, aeolian and lacustrine deposits
are intercalated (Verzi et al. 2008) and have been referred to
the Huayquerian SALMA, Late Miocene (Verzi et al. 2008),
based on their mammalian fauna.

Systematic palacontology

Order Rodentia Bowdich, 1821
Suborder Hystricognathi Tullberg, 1899
Family Hydrochoeridae Gray, 1825
Subfamily Hydrochoerinae Gray, 1825

Emended diagnosis.—Hydrochoerids with cheek teeth with
deep re-entrant folds, with two new re-entrant folds on m1-3,
one lingual (tertiary internal flexid), and one labial (sec-
ondary external flexus); labial re-entrant folds on P4-M2
dissimilar in length, with the primary external flexus being
long and the secondary external flexus being very short;
M3 with many thin laminae; paraoccipital apophyses robust,
very long, and laterally compressed.

Remarks.—This taxon corresponds to Hydrochoeridae of
previous authors (e.g., Mones 1991). Only those hydro-

choerids sharing the characters above are here considered to
be capybaras.

Genus Cardiatherium Ameghino, 1883b

Type species: Cardiatherium doeringi Ameghino, 1883b; Parana River

cliffs, Huayquerian SALMA.

1883 Hydrochoerus; Ameghino1883a: 104, nec Brisson, 1762.

1883 Cardiatherium; Ameghino 1883b: 270-274.

1885 Procardiatherium; Ameghino 1885: 55-59.

1885 Contracavia; Burmeister 1885: 158—159.

1885 Cardiodon; Ameghino 1885: 64-65, nec Owen, 1841.

1886 Plexochoerus; Ameghino1886: 58.

1886 Anchimys; Ameghino 1886: 71-72.

1891 Eucardiodon; Ameghino 1891: 247.

1940 Anchimysops; Kraglievich 1940: 322-323, nec Kraglievich,
1927: 597.

1965 Kiyutherium; Francis and Mones 1965b: 47.

1991 Anatochoerus; Vucetich and Mones in Mones, 1991: 32.

Diagnosis.—Medium to large-sized capybaras; cheek teeth
with prisms united on the labial side in the upper ones, and
on the lingual side in the lowers; M3 with 8 to 10 prisms;
rostrum transversely broad in ventral view, with a straight
and well-exposed premaxillary-maxillary suture; rostrum
anterior to the anterior root of the zygomatic arch as wide or
wider than immediately posterior to it.

Geographic and stratigraphic range.—South America; Late
Miocene—Early Pliocene.

Cardiatherium paranense (Ameghino, 1883a)

Francis and Mones, 1965a

Figs. 4, 5.

1883 Hydrochoerus paranensis; Ameghino 1883a: 104-105.

1883 Cardiatherium Doeringi; Ameghino 1883b: 270-274.

1885 Contracavia matercula; Burmeister 1885: 158—-159.

1885 Cardiatherium petrosum; Ameghino 1885: 50-51.

1885 Cardiatherium denticulatum; Ameghino 1885: 51.

1885 Cardiatherium minutum; Ameghino 1885: 54.

1885 Procardiatherium simplicidens; Ameghino 1885: 55-58.

1885 Procardiatherium crassum; Ameghino 1885: 58-59.

1885 Cardiodon Marshii; Ameghino 1885: 61-64.

1885 Cardiodon? Leidyi; Ameghino 1885: 64—65.

1886 Plexochoerus paranensis (Ameghino, 1885); Ameghino 1886: 58.

1886 Anchimys Leidyii (Ameghino, 1885); Ameghino 1886: 72-74.

1889 Plexochoerus adluis; Ameghino 1889: 252-253.

1889 Plexochoerus lynchi; Ameghino 1889: 910.

1891 Eucardiodon affinis; Ameghino 1891: 247.

1891 Procardiotherium denticulatum (Ameghino); Ameghino 1891:
248.

1891 Eucardiodon marshi; Ameghino 1889: 249.

1927 Procardiotherium septemlaminatus; Kraglievich 1927: 597.

1927 ?Procardiotherium octolaminatus; Kraglievich 1927: 598.

1934 Procardiotherium septemlaminatus; Kraglievich 1934: 83-84.

1934 Cardiotherium sp.; Rusconi 1934: 180.

1940 Anchimysops radicei; Kraglievich 1934: 322,

1940 ?Anchimysops dubius; Kraglievich 1934: 323-324.

1940 Procardiotherium (Eocardiotherium) septemlaminatus; Kraglievic
1940: 326-329.

1945 Plexochoerus paranensis (Ameghino); L. Kraglievich in Kraglie-
vich 1945: 453-454.
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Fig. 4. Late Miocene capybara Cardiatherium paranense (Ameghino, 1883a). A. MLP 87-XI-1-27, holotype of Anatochoerus inusitatus Vucetich and
Mones in Mones, 1991, Rio Paran cliffs. B. MLP 71-VI-16-1, juvenile specimen, Tupungato. In ventral (A, B)), lateral (A,, B,), and dorsal (A, B,) views.

1945 Plexochoerus petrosus (Ameghino); L. Kraglievich in Kragliev-
ich 1945: 455.

1945 Cardiotherium rothi; Kraglievich 1945: 456.

1961 Plexochoerus sp.; Pascual and Bondesio 1961: 106.

1965 Cardiatherium lynchi (Ameghino); Francis and Mones 1965a: 31.

1965 Cardiatherium paranensis (Ameghino); Francis and Mones
1965a: 30.

1965 Cardiatherium rothi; Francis and Mones 1965a: 27.

1965 Cardiatherium adluis (Ameghino); Francis and Mones 1965a: 31.

1979 Eucardiodon cf. marshi; Mones and Castiglioni 1979: 80-81.

1984 Anchimys marshi (Ameghino); Mones 1984: 3.

1984 Kiyutherium denticulatum (Ameghino); Mones 1984: 4.

1984 Procardiatherium matercula (Burmeister); Mones 1984: 5.

1985 Kiyutherium scillatoyanei; Bondesio 1985a: 276.

1986 Procardiatherium (Eocardiotherium) septemlaminatum; Mones
1986: 204.

1991 Cardiatherium sp. A (Pascual and Bondesio); Mones 1991: 31.

1991 Anatochoerus inusitatus; Vucetich and Mones in Mones, 1991:
32.

1991 Contracavia minuta (Ameghino); Mones 1991: 35.

1993 Kiyutherium aff. orientalis; Yrigoyen 1993b; nec Pascual and
Bondesio, 1985.

For further details regarding changes and modifications to this system-

atic list, see Mones (1991).

Neotype: MLP 40-XI-15-1 designated by Mones (1991), right mandib-

ular fragment with p4-m3 (see Mones 1991; Vucetich et al. 2005: fig.

9E). The holotype, currently lost, was an isolated and fragmentary M3,

the only cranial material so far assigned to this species.

Type specimens of synonymised species: Anatochoerus inusitatus Vu-
cetic and Mones in Mones, 1991, MLP 87-XI-1-27, incomplete skull
with both P4-M3; Anchimys leydi (Ameghino, 1885), MLP 73-I-10-5,
anterior fragment of mandible with both incisors and right p4 alveolus;
Anchimys marshii (Ameghino, 1885), MLP 73-1-10-7, right mandible
with i, p4-m3; ?Anchimysops dubius Kraglievich, 1934, MACN 9055,
right M3; Anchimysops radicei Kraglievich, 1934, MACN 3353, right
M3; Cardiatherium denticulatum Ameghino, 1885, MPCNP? (lost
specimen, cast MLP M-27), isolated right m1 or m2; Cardiatherium
doeringi Ameghino, 1883b, MLP 73-I-10-11, fragment of left man-
dible with p4-ml; Cardiatherium minutum Ameghino, 1885, MLP
69-XI11-2-19, anterior left palatal fragment with anterior root of the zy-
gomatic arch and P4-M1; Cardiatherium petrosum Ameghino, 1885,
MLP 69-X1I-2-16, fragment of left mandible with i, p4—m1; Cardio-
therium rothi Francis and Mones, 1965a, MACN unknown number
(lost specimen), right M3; Contracavia matercula Burmeister, 1885,
MACN 1049, anterior fragment of palate with anterior root of the zy-
gomatic arch and both P4; Contracavia matercula Burmeister, 1885,
MACN 1050, anterior fragment of palate with anterior root of the
zygomatic arch, both P4, and anterior prisms of both M 1; Eucardiodon
affinis Ameghino, 1891, MACN 5890, fragment of right mandible
with the base of incisor and m1-2; Kiyutherium scillatoyanei Bonde-
sio, 1985a, MLP 78-11-27-1, fragment of right mandible with p4—m3;
Plexochoerus adluis Ameghino, 1889, unknown repository (lost spec-
imen), left M3 (Ameghino 1889: pl. 79: 4, 4a); Plexochoerus lynchi
Ameghino 1889, unknown repository (lost specimen), palatal fragment
with both M1-3 (Ameghino 1889: pl. 79: 6, 13); Procardiatherium
crassum Ameghino, 1885, unknown repository (lost specimen, cast
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MLP M-22), left p4; Procardiatherium octolaminatum Kraglievich,
1927, MACN 8934, M3 and part of the skull including the left parietal
and frontal; Procardiotherium (Eocardiotherium) septemlaminatum
Kraglievich, 1927, MACN 3336, incomplete skull with both P4-M3;
Procardiatherium simplicidens Ameghino, 1885, MLP 73-1-10-8, frag-
ment of left mandible with p4-—m2.

Referred materia.—MACN 13434, anterior fragment of pal-
ate with anterior root of the zygomatic arch, both P4 and right
M1; MACN 13465, fragment of palate with left P4-M3 and
right M1-2; MACN 13469, anterior fragment of palate with
anterior root of the zygomatic arch, right P4A-M2 and left
P4-M3; MLP 40-XI-15-2, anterior fragment of palate with
anterior root of the zygomatic arch, right PA-M2 and left
P4-M3; MLP 41-XII-13-1, isolated M3; MLP 41-XII-13-
153, right anterior fragment of palate with anterior root of the
zygomatic arch and P4-M3; MLP 41-XII-13-161, isolated
M3; MLP 41-XII-13-161a, isolated M3; MLP 41-XII-13-
171, isolated M3; MLP 41-XII-13-233, isolated M1 or M2;
MLP 41-XII-13-233a, isolated M2?; MLP 41-XII-13-291,
isolated M3; MLP 52-X-5-75a, isolated M3; MLP 71-VI-
16-1, anterior portion of skull with complete dentition, albeit
somewhat damaged (Fig. 4B; see Historical background);
MLP 87-XI-1-1, anterior fragment of palate with anterior
root of the zygomatic arch, both P4 and left M1; MLP 87-
XI-1-2, isolated M3; MLP 87-XI-1-3, anterior fragment of
palate with anterior root of the zygomatic arch, left P4 and
both M1; MLP 87-XI-1-3a, anterior fragment of palate with
anterior root of the zygomatic arch and both P4-M2. For
material not included in this analysis (mandibles and lower
teeth), see Vucetich et al. (2005).

Differential diagnosis.—Portion of rostrum anterior to the
anterior margin of the zygomatic root wider than in C. aff.
orientalis Pascual and Bondesio, 1965b and C. patagonicum
Vucetich, Deschamps, Olivares, and Dozo, 2005; palate at
the level of M3 wider than in C. aff. orientalis and C. pata-
gonicum; attachment areas for masseter superficialis muscle
anteriorly convergent; angle formed by anterior root of the
zygomatic arch and alveolar plane smaller than 20° in lateral
view; distance between base of the incisive foramen and mid-
dle point between both P4s shorter than in C. aff. orientalis;
broad incisive foramen; base of P4 projected lateral to the
occlusal surface in ventral view, thus forming a conspicuous
bulge immediately dorsal to the anterior margin of the ante-
rior root of the zygomatic arch; cheek teeth with flexi/flexids
deeper than in C. chasicoense (Pascual and Bondesio, 1968);
lower cheek teeth with secondary internal flexid and tertiary
internal flexid shallower than in C. patagonicum.

Description

Skull.—The description of the skull is mostly based on MLP
87-XI-1-27, the holotype of Anatochoerus inusitatus, be-
cause it is the most complete (Figs. 4A, 5). This specimen,
originally described by Vucetich and Mones (in Mones
1991), is marked by peculiar roll-shaped expansions located
at the anterior part of the rostrum involving the dorsolateral
margin of the premaxilla and a short anterolateral portion of

Fig. 5. Late Miocene capybara Cardiatherium paranense (Ameghino,
1883a), MLP 87-XI-1-27, holotype of Anatochoerus inusitatus Vucetich
and Mones in Mones, 1991 from Parana River cliffs, Huayquerian SAL-
MA, in ventral (A), lateral (B), and dorsal (C) views.

the maxilla, which led to the description of the genus Anato-
choerus and its own subfamily Anatochoerinae (see Mones
1991). The porous appearance of the bone forming these
protuberances is different from the rest of the skull, changing
transitionally within the premaxillaec and maxillae. Work is
in progress to determine whether these structures are normal
or represent a pathological condition. The premaxillae are
absent in all other specimens from the “conglomerado osife-
ro”, except for MACN 3336 (holotype of Cardiatherium sep-
temlaminatum), in which the ventromedial portions of these
bones have been preserved. The specimen from Tupungato
(MLP 71-VI-16-1, described below) lacks such expansions
(Fig. 4B), but it should be noted that it is a juvenile.

In ventral view, the palate is relatively flat (as opposed
to concave in H. hydrochaeris), and the tooth rows are con-
spicuously divergent, with M3 being approximately in line
with P4-M2. The length of the diastema located between the
anterior margin of the alveolus of P4 and the posterior margin
of the alveolus of I1 exceeds the combined length of P4-M3,
and is comparatively much longer than in H. hydrochaeris.
In the juvenile MLP 71-VI-16-1, the diastema is 3.2% lon-
ger than P4-M3 (diastema: 32 mm; P4-M3: 31 mm), which
increases to 27% in the largest available specimen, MLP
87-XI-1-27 (75 mm and 59 mm, respectively). This demon-
strates the lengthening of the rostrum with age, which is also
seen in H. hydrochaeris, although in the modern species the
diastema is always shorter than the combined length of P4—
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M3 (25.1/37.2 mm in the juvenile MLP 2033, and 67.9/79.3
mm in the adult MLP 2031). The rostrum is wider than in
any other hydrochoerine, and almost doubles in width both
anterior and posterior to the anterior root of the zygomatic
arch, relative to its width at the level of prism I of P4 (Fig.
5A). This relative increase in rostral width—at least along the
posteriormost part of the diastema—is related to the lateral
projection of the base of P4 relative to both its own occlusal
surface and the rest of the upper dentition (e.g., MLP 87-XI-
1-3a, MLP 87-XI-1-3, MLP 41-XII-13-153, MACN 13468),
which forms a conspicuous bulge immediately dorsal to the
anterior margin of the anterior root of the zygomatic arch
(Figs. 4A , 5A). By contrast, the base of P4 is not so con-
spicuous and is completely located above the anterior root
of the zygomatic arch in H. hydrochaeris. Both the width of
the rostrum and the degree of outward protrusion of P4 seem
to increase with age, although this is not certain owing to the
incompleteness of the available material.

The incisive foramen is sub-rectangular in outline and
equidistant between P4 and the incisors, with the premax-
illary portion of the premaxillary septum being divided into
two rami; the foramen is large, but looks narrow transversely
when compared with the wide diastema. The transversely
oriented premaxillary-maxillary suture crosses the incisive
foramen at its midpoint and is broadly exposed on the wide
palate. The suture is mostly straight, but turns anteriorly near
the lateral border of the rostrum. The base of the zygomatic
arch is oriented posterolaterally (MLP 87-XI-1-3a; Fig. 3C),
rather than laterally as in H. hydrochaeris, and bears the ori-
gin of the masseter superficialis muscle. The muscle scars are
oval, run parallel to the dental series, and converge anteriorly
(Fig. 5A). They begin on the posterior margin of the anterior
root of the zygomatic arch (corresponding to the level of
prisms I/II of P4), and extend up to half the distance between
the base of the incisive foramen and the anterior margin of
the alveolus of P4, but never beyond the anterior margin of
the anterior root of the zygomatic arch. In other specimens,
these scars begin at the level of the posterior border of P4
(MLP 87-XI-1-3a; Fig. 3A, B).

The suture between the maxilla and the palatine originates
from the alveolar margin next to prism V of M3, and then
abruptly turns medially at the level of prism II, before turning
again and running anteriorly to the base of the palatine fora-
men (Figs. 4A , 5A). Thus, the anterior portion of the palatine
is reduced to one third of its posterior width, which results in
the maxilla forming a relatively large part of the palate. By
contrast, the palatines are V-shaped in H. hydrochaeris, and
the maxillary-palatine suture diverges from the alveolar mar-
gin gradually at the level of prism X of M3. The large palatal
foramina (MLP 87-XI-1-3a, MACN 13469) are located at the
level of M2 and extend anteriorly, before merging with each
other at the level of P4. The mesopterygoid fossa is wide and
has a straight anterior margin reaching the last prism of M3.
In other specimens (e.g., MACN 3336), the fossa is deeper
and reaches the antepenultimate prism (note that the number
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of prisms increases with size/age). Between the mesoptery-
goid fossa and M3, there is a conspicuous sulcus.

In dorsal view (Fig. 5C), the ascending apophyses of the
premaxillae are slightly convergent posteriorly, whereas they
are parallel in Hydrochoerus hydrochaeris. The naso-fron-
tal suture is concave anteriorly, instead of almost straight
as in H. hydrochaeris, and extends posteriorly beyond the
fronto-premaxillary suture, with the frontals protruding as
a wedge between the posteriormost portions of the nasals.
The maxilla is broadly exposed on the skull roof, dorsal
to the posterior portion of the rostral masseteric fossa, and
is limited anterodorsally by the ascending apophysis of the
premaxilla, posterodorsally by the frontal, and posteriorly
by the lacrimal. The fronto-parietal suture is almost straight.
The skull roof is depressed medially along the posterior por-
tions of the frontals and the interparietal suture. In MACN
8934, the single specimen in which the posteriormost part
of the skull is preserved, this depression does not continue
posteriorly beyond the anterior portions of the parietals. The
latter narrow posteriorly to form temporal fossae separated
by a plane area without a sagittal crest, as in H. hydrochaeris.

In lateral view, the nasals are domed, facing mostly lat-
erally and forming roughly half of the height of the rostrum
in lateral view (Fig. 5B). At their centre, the nasals form a
gibbous prominence. The masseteric fossa is short antero-
posteriorly, with an anterodorsally oriented dorsal border (as
opposed to being slightly anteroventral as in H. hydrochae-
ris) (Fig. 5B), and does not extend anteriorly beyond the an-
teriorly convex portion of the premaxillary-maxillary suture.
The dorsal root of the antorbital bar is located ventral to the
level of the dorsalmost portion of the masseteric fossa. The
anterior root of the zygomatic arch is inclined anterodorsal-
ly-posteroventrally with respect to the alveolar plane, at an
angle of less than 20° (Fig. 5B). Dorsal to the roots of M1-2,
and posterior to the protuberance formed by P4, there is a
large and ventrally concave foramen representing the most
anterior part of the nasolacrimal canal, which runs between
P4 and M1 and opens into the nasal cavity.

MLP 69-XI1-2-19 (holotype of Cardiatherium minutum)
is a left anterior skull fragment preserving P4-M1 and the
anterior root of the zygomatic arch. It is markedly smaller
than MLP 87-XI-1-27 (Tables 1 and 2). According to Mones
(1991), the rostrum of this specimen is not as broad as that
of MLP 87-XI-1-27, but our new data demonstrate that it is
also rather wide. The scar marking the origin of the masseter
superficialis muscle also resembles that of MLP 87-X1-1-27
in its orientation and shape, but is deeper and has clearly
defined margins. This is the only specimen that preserves a
small portion of the zygomatic arch. The latter is dorsoven-
trally compressed near the base, in the area of the origin of
the masseter superficialis muscle, before becoming laterally
compressed further anteriorly. This condition is also seen
in other Plio-Pleistocene genera (e.g., “Chapalmatherium”,
Neochoerus Hay, 1926), but not in H. hydrochaeris, in which
the zygomatic arch remains dorsoventrally compressed up to
the antorbital bar.
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anterior

/L) lingual

Fig. 6. Occlusal view of the right upper teeth of Late Miocene capybaras Cardiatherium paranense (Ameghino, 1883a) (A—L) and C. aff. orientalis (M,
N). C-E, H, N, reversed. A. MACN 3353, M3. B. MLP 71-VI-16-1, P4-M2. C. MLP 69-XI1-2-19, P4-M1. D. MLP 87-XI-1-2, M3. E. MLP 40-XI-15-
2, P4-M3. F. MLP 87-XI-1-3, PA-M1. G. MLP 41-XII-13-153, P4-M3. H. MLP 87-XI-1-1, P4-M1. I. MLP 87-XI-1-3a, P4-M2. J. MLP 87-XI-1-27,
P4-M3. K. MACN 13434, P4A-M1. L. MLP 41-XI1-13-161, M3. M. GHUNLPam 5236, P4-M1. N. GHUNLPam 14452, P4-M3.

The small individual from Tupungato (MLP 71-VI-16-1;
Fig. 4B) is here considered to be extremely young because of
its size and the porous condition of the bone in some areas.
In this specimen, the maxillo-palatine suture is completely
open, although it should be noted that even in adult individ-
uals of H. hydrochaeris the number of open sutures may be
high (Wilson and Sanchez-Villagra 2009). MLP 71-VI-16-1
shares with the specimens from the “conglomerado osifero”
a wide rostrum, large incisive foramina, a laterally displaced
socket of P4 located immediately dorsal to the anterior root
of the zygomatic arch, laterally facing nasals forming almost
half of the height of the rostrum in lateral view, and mark-
edly divergent tooth rows. It differs from MLP 87-XI-1-27
in having a masseteric fossa extending anteriorly beyond the
premaxillary-maxillary suture (Fig. 4B,), as well as the lack
of rostral protuberances. This is the only specimen preserv-
ing a large portion of the lacrimal, which is a very large bone
occupying the anterodorsal part of the orbit. The lacrimal
foramen is located far ventrally.

Upper dentition (Fig. 6A-L).—Incisors: Only MLP 71-VI-
16-1 preserves small, extra-alveolar fragments of both inci-
sors (Fig. 4B,). Unlike in H. hydrochaeris, the latter lack a
longitudinal furrow and are subtriangular in cross section,
with their anteroposterior diameter exceeding their trans-
verse one.

P4: Like M1-2, P4 comprises two prisms separated lin-
gually by the fundamental internal flexus. Labially, each
prism shows an additional flexus, the primary external flex-
us in prism I, and the secondary external flexus in prism II.
The primary external flexus is oriented posterolingually and
extends along more than 50% of the total transverse width

of prism I in the largest specimens. The secondary external
flexus is shallower than the primary one, V-shaped, and ex-
tends beyond the end of the fundamental internal flexus (Fig.
61-K). The first prism of P4 is transversely narrow, and the
labial margin of its posterior portion (prism Ib) bears an in-
cipient flexus in some specimens. This feature does not seem
to be size-related. Prism II is wider transversely than prism
I, and longer anteroposteriorly than the second prisms of the
molars, which tend to be laminar.

M1-2: The anterior two molars resemble each other, and
differ from P4 in their anteroposteriorly somewhat shorter,
but transversely wider, prism L. As in P4, prism Ib shows a
slight flexus on the labial margin in some specimens. Prism
IT is almost laminar. In the largest specimens, the primary
external flexus extends along more than 50% of the total
transverse width of prism L.

M3: The number of prisms increases with size, ranging
from six plus a little incipient last prism in the smallest
specimen (MACN 3353, holotype of Anchimysops radicei;
Fig. 6A), to seven plus an incipient last one in MLP 87-
XI-1-2 and MLP 40-XI-15-2 (Fig. 6D, E), to eight with an
incipient last one in MLP 87-XI-1-27 (Fig. 6J, holotype of
Anatochoerus inusitatus), and finally nine plus an incipient
last one in MLP 41-XII-13-161a and MLP 41-XII-13-161,
the largest complete specimen (Fig. 6L). The number of
prisms seems to become stable at ten, since the latter two
specimens have the same number despite differing in size
(see Table 2). Prism I is heart-shaped as in the other cheek
teeth, with the primary external flexus being deeper than the
other external flexi. The rest of the prisms are laminar with
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a labial flexus, except for the ninth. The two last prisms are
narrow transversely.

Geographic and stratigraphic range.—All of the specimens
except MLP 71-VI-16-1 come from the “conglomerado os-
ifero” (“bonebed conglomerate” sensu Behrensmeyer 1991;
Rogers et al. 2007), exposed at the cliffs of the Parana River
near Parana City, Entre Rios Province; Huayquerian South
American Land Mammal Age (SALMA), Late Miocene (Ci-
one et al. 2000). MLP 71-VI-16-1 comes from the Rio de los
Pozos Formation, exposed at Tupungato, Mendoza Province
(Fig. 1: locality 6), estimated to be no younger than 5.8 Ma
and no older than 8.2-7.4 Ma, Late Miocene (Chiaramonte et
al. 2000; Irigoyen et al. 1995).

Cardiatherium aff. orientalis Pascual and Bondesio,
1982

Fig. 7.

1982 Kiyutherium aff. orientalis; Pascual and Bondesio 1982: 20; nec
Pascual and Bondesio 1985: 135.

1999 Kiyutherium orientalis; Rocha and Montalvo 1999: 284.

2005 Kiyutherium orientalis; Vucetich et al. 2005: 260.

Material —GHUNLPam 139, extremely damaged skull frag-
ment with both M1-3; GHUNLPam 2009, skull fragment
with both P4-M3; GHUNLPam 5236, anterior fragment of
palate of a juvenile specimen with anterior root of the zygo-
matic arch, both P4 and left M1; GHUNLPam 5274; skull
with both P4-M3, rostrum, right orbital area and damaged
skull roof; GHUNLPam 8978, small fragment of palate with
left M1-2; GHUNLPam 14452, palate with both P4A-M3 and
posterior portion of rostrum; GHUNLPam 14661, distorted
skull with both P4-M3; GHUNLPam 14985, damaged ros-
trum with right incisor, right PA-M2 and left P4; GHUNL-
Pam 27389, skull with both P4-M3, incisors, a left mandible
fragment with p4—m3, and six cervical vertebrae articulat-
ed to skull; MLP 62-X11-4-17, left mandible fragment with
p4—m3 and palatal fragment with left P4-M3 and right P4—
M1 (the palatal fragment is currently lost). For mandibular
remains, see Rocha and Montalvo (1999) and Vucetich et
al. (2005). All specimens from Laguna Chillhué apart from
GHUNLPam 139, 14985, and 27389, which are from Laguna
Guatraché, La Pampa Province; lacustrine levels of the Cerro
Azul Formation, Late Miocene.

Differential diagnosis.—No diagnosis can be provided given
the present state of knowledge of C. orientalis Francis and
Mones, 1965b. The occlusal morphology of the lower teeth
is similar to that of C. paranense and the type of C. orientalis
(Vucetich et al. 2005; Deschamps et al. 2007, 2009). How-
ever, some characters allow the differentiation of the taxon
from the Cerro Azul Formation from C. chasicoense (Pascual
and Bondesio, 1968), C. paranense (Ameghino, 1883a), and
C. patagonicum Vucetich, Deschamps, Olivares, and Dozo,
2005. Concerning potential morphological similarities with
C. orientalis, the present specimens will need to be compared
with as yet unpublished material from the type locality of the
species in Uruguay.
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Fig. 7. Late Miocene capybara Cardiatherium aff. orientalis Pascual and
Bondesio, 1982, GHUNLPam 14452 from Laguna Chillhu¢, Huayquerian
SALMA, in ventral (A) and lateral (B) views (anterior to the left). Dotted
area, sediment.

Description

Skull.—The state of preservation of the skulls from the Cer-
ro Azul Formation is generally poor, but they preserve the
palatal region. None of the specimens has a snout with roll-
shaped expansions, as seen in MLP 87-XI-1-27. The length
of the diastema exceeds the combined length of P4-M3,
especially in larger specimens (44.2/41.5 mm in GHUNL-
Pam 5274, 6.5% longer; 58/53 mm in GHUNLPam 27389,
9.5% longer). The zygomatic arch is not preserved in any of
the skulls.

Compared with H. hydrochaeris, the rostrum is wide
transversely both anterior and posterior to the anterior root
of the zygomatic arch, but not as wide as in C. paranensis.
The bottom of the P4 alveolus is located further dorsally than
in Cardiatherium paranense, and does not extend laterally
beyond the occlusal surface of the tooth. The incisive fora-
men is long, but slender. The premaxillary-maxillary suture
is straight and crosses the incisive foramen near its posterior
border, rather than its centre as in C. paranense. The scar
marking the origin of the masseter superficialis muscle be-
gins at the posterior margin of the anterior root of the zygo-
matic arch, between prisms I and II of P4. It extends up to
half the distance between the posterior margin of the incisive
foramen and the anterior margin of P4, without extending
anteriorly beyond the anterior margin of the anterior root
of the zygomatic arch. The muscle scars are oval in shape,
narrower than in C. paranense, and parallel to the maxillary
symphysis. The palate is not as wide as in C. paranense be-
cause M3 does not follow the oblique orientation of P4-M2,
and instead is oriented slightly medially towards the sagittal
plane. The maxillo-palatine suture diverges from the alveolar
margin at the level of prism III of M3, before gently curv-

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



VUCETICH ET AL.—LATE MIOCENE CAPYBARAS FROM ARGENTINA 529

ing towards the base of the small palatine foramina. Thus,
the palatine occupies a larger area of the palate than in C.
paranense. The anterior margin of the mesopterygoid fossa is
deeper than in C. paranense, reaching the fourth prism from
the last of M3.

The dorsal margin of the masseteric fossa appears to be
more horizontally oriented than in C. paranense, thus more
closely resembling that of Hydrochoerus hydrochaeris. The
anterior root of the zygomatic arch is inclined anterodorsal-
ly-posteroventrally with respect to the alveolar plane, at an
angle greater than 20°. The posterior portion of the skull is
preserved, but damaged, in GHUNLPam 27389. The tem-
poral fossa is large and there is a moderately developed
sagittal crest, unlike in Hydrochoerus and Neochoerus in
which the latter is absent. The posterior wall of the skull
is proportionally narrower than in Hydrochoerus, although
this feature may be exaggerated as the posterior portion of
the skull has been deformed by slight lateral compression.
The paroccipital process is robust, laterally compressed,
and long (the preserved fragment is more than 30 mm), ex-
tending well ventral to the ventral border of the bulla. These
features of the paroccipital process characterise capybaras,
and are also found in Hydrochoerus, C. patagonicum Vu-
cetich, Deschamps, Olivares, and Dozo, 2005, and “Cha-
palmatherium” novum Ameghino, 1908. By contrast, the
paroccipital process is slender and scarcely extends beyond
the ventral border of the bulla in Kerodon and in other large
cavioids such as Dolichotis. Both bullae have been partially
preserved in this specimen, and contribute new data to those
originally provided by Mones (1974). The bulla is more
spherical and larger than in C. patagonicum (Dozo et al.
2010: fig. 4), Neochoerus (Deschamps 1998), and H. hydro-
chaeris (Linnaeus, 1766). The epitympanic sinus is large,
and the external acoustic meatus appears to be doubled, as
also seen in other hydrochoerids, with the inferior portion
being enlarged anteroposteriorly.

Upper teeth (Fig. 6M, N).—Incisors: Only the largest spec-
imen (GHUNLPam 27389) preserves the incisors. They are
subcircular rather than subtriangular in cross section and lack
a longitudinal furrow.

P4: The premolar resembles that of C. paranense, but
in the juvenile specimen both the primary and secondary
external flexi are shallower. The labial flexus of prism Ib is
very shallow.

M1-2: These molars differ from those of C. paranense
in lacking a labial flexus on prism Ib. The primary external
flexus extends along up to 50% of the total transverse width
of prism I, whereas the secondary external flexus is shorter,
especially in the young specimen (GHUNLPam 5236).

M3: The third molar differs from that of C. paranense in
comprising seven prisms, plus an incipient last one (the left
M3 of GHUNLPam 14452 lacks this incipient prism; Fig.
6N). Only prisms II to VI have labial flexi. The transverse
width of the prisms increases up to prism IV, whereas prisms
VI to VIII decrease in size.

Morphometric analysis

Rostral morphology

Linear measurements.—The first three components account
for 93.7% of the total variance (PCI: 78.6%, PCII: 10.45%
and PCIII: 4.7%). PCl represents size for all variables except
for the angle of the anterior root of the zygomatic arch (Fig.
8), as shown by a regression of PC 1 on size (p <0.001; R?
= 0.955). By contrast, PCII and PCIII are independent from
size (p=0.307; R*=0.041). Within each species, individuals
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variance %
Cumulative % 78.6054  89.0559  93.7637

Fig. 8. Scatterplot and axis scores of the first two PCs (A) and the second
and third PC (B) of the Principal Component Analysis of the linear rostral
measurements of “fossil (Cardiatherium) and extant (Hydrochoerus) capy-
baras from Argentina, illustrated in Fig. 2. J, juvenile.
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L] ® Cardiatherium paranense

J O C. paranense (Tupungato)
4 C. aff. orientalis

A C. patagonicum

* Hydrochoerus hydrochaeris
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Fig. 9. First two relative warps (RWs) of the geometric morphometric analyses of the posterior region of the rostrum of fossil (Cardiatherium) and extant
(Hydrochoerus) capybaras from Argentina, in ventral (A) and lateral (B) views. J, juvenile.

are also arranged according to size, with the smaller speci-
mens tending to have more positive values (Fig. 8A). PCII
mostly summarises variation in the angle of the anterior root
of the zygomatic arch with the alveolar plane, the distance
from the posterior border of the incisive foramen to P4, and
the posterior width of the incisive foramen. Finally, the vari-
ables with the highest loadings for PCIII are the anterior
width of the rostrum and the rostral diameter at the level of
M2 (palatal width; Fig. 8B), with C. paranense tending to-
wards positive values (wide rostrum and palate), whereas C.
aff. orientalis and H. hydrochaeris tend towards the opposite
(narrower snouts and palates).

Geometric morphometrics exploratory analysis.—The
first two relative warps (RW) of the shape analysis of the
rostrum in ventral view account for 76% (RWI: 50% and
RWIL: 26%) of the total variation (Fig. 9A). Hydrochoerus
hydrochaeris occupies the negative range of RWI, while the
remaining species are arranged in a gradient from near zero
in the case of C. paranense to positive values for C. aff.
orientalis. The single specimen of C. patagonicum falls out
close to the mean value. MLP 71-VI-16-1 (the juvenile from
Tupungato) is closer the specimens from the “conglomerado
osifero” than to any of the other species. RWI reflects, from
negative to positive values (Fig. 9A), (i) gradual lengthening
of the distance between the posterior margin of the incisive
foramen and the middle point between both P4s; (ii) a more
posterior origin of the masseter superficialis muscle; (iii)
displacement of the posterior limit of the anterior root of
the zygomatic arch both anteriorly and towards the midline
of the rostrum; and (iv) an increase of the distance between
the lateralmost point of prism I of P4 (landmark 2) and the
anterior limit of anterior root of the zygomatic arch (land-
mark 4). The fossil species are separated along RWII, with
C. paranense tending towards negative values, and C. aff.
orientalis towards positive ones. H. hydrochaeris occupies
positive and intermediate values, except for the juvenile,

which shows negative values owing to its relatively wide
rostrum. The main shape changes (from positive to nega-
tive scores) represented by RWII are related to (i) a gradual
increase in the distance between the anterior limit of the
anterior root of the zygomatic arch and the middle point of
the posterior margin of the incisive foramen; and (ii) antero-
posterior shortening of this portion of the rostrum. Thus, C.
aff. orientalis is characterised by a relatively long and narrow
posterior portion of the snout, whereas the same area is short-
er and wider in C. paranense.

In the analysis of the lateral view of the rostrum (Fig.
9B), the first two RWs account for 72% of the total vari-
ation (RWI: 56%, RWII: 16%). Along RWI, C. paranense
is positioned towards the negative values, and C. aff. ori-
entalis toward the positive ones. The landmarks that vary
most in position are those marking the anterior and poste-
rior margins of the anterior root of the zygomatic arch and
the posteriormost point of the incisive foramen, indicating
lengthening of the posterior area of the diastema and greater
inclination of the anterior root of the zygomatic arch in C.
aff. orientalis. The juvenile specimen from Tupungato falls
out close to the specimens from the “conglomerado osife-
ro”. In terms of RWII, C. paranense is widely distributed
across most of the morphospace, whereas C. aff. orientalis
is restricted to the right-lower quadrant owing to its rela-
tively long snout.

Occlusal morphology of the upper cheek teeth

In the analysis of the occlusal morphology of P4 (Fig. 10A),
the first two RWs account for 56% (RWI: 35.5% and RWII:
20.5%) of the total variation. Species are separated mostly
along RWI, with C. patagonicum and C. paranense tending
towards negative values, C. aff. orientalis occupying an in-
termediate position overlapping with that of C. paranense,
and C. chasicoense tending towards positive values. The ju-
venile specimens MLP 71-VI-16-1 (C. paranense, Tupunga-
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@ Cardiatherium paranense
O C. paranense (Tupungato)
J ¢ C. aff. orientalis
A C. patagonicum
B C. chasicoense

Fig. 10. First two relative warps (RWs) of the geometric morphometric analyses of the upper cheek teeth of fossil capybaras from Argentina, in occlusal

view. A. P4. B. M1-2. J, juvenile.

to) and GHULNPam 5236 (C. aff. orientalis) fall out close to
the distribution of C. chasicoense. We interpret this position
as a result of their juvenile condition, since the tooth mor-
phology of juveniles resembles that of adults of more archaic
species (Deschamps et al. 2007). Along RWI, from positive
to negative values, both the primary and secondary external
flexi become deeper (Fig. 2A), with the former being the lon-
ger of the two. As the primary external flexus deepens, prism
I widens transversely in its posterior portion and gradually
acquires a straighter anterior margin, while prism II also
widens transversely, but rotates slightly anteriorly. The loca-
tion of the juveniles in the right lower quadrant is explained
by the incipient development of the primary and secondary
external flexi during the early stages of ontogeny (Vucetich
et al. 2005). Towards the negative values of RWII the molars
widen, with the posterior part of prism I becoming stretched
transversely and its anterior margin straightening even more
than indicated by RWI. The labial angle of prism I rotates
posteriorly, and all the prisms narrow anteroposteriorly. C.
paranense is located mostly within the positive and interme-
diate range of values, whereas C. patagonicum falls withing
the negative range. Except for the juvenile specimen of C.
chasicoense, both the latter and C. aff. orientalis occupy an
intermediate position.

In the analysis of M1 and M2 (Fig. 10B), the first two
RWs account for 48.61% (RWI: 25.7% and RWII: 23%) of
the variation. The ranges of C. paranense, C. aff. orientalis
and C. patagonicum largely overlap, and only C. chasico-
ense can be clearly distinguished. The partial overlap of C.
patagonicum with some of the other taxa is probably due
to the juvenile condition of the available specimens. Previ-
ous studies (Vieytes and Deschamps 2007) including lower
molars of both juvenile and adult specimens showed clear
morphological differentiation of this species from the other
members of the genus.

Concluding remarks

Species taxonomy.—The capybaras from the Late Miocene,
traditionally assigned to several genera and species on the ba-
sis of lower cheek tooth morphology, were recently gathered
into the single genus Cardiatherium, which now includes C.
chasicoense, C. paranense, C. orientalis, and C. patagon-
icum (Vucetich et al. 2005; Deschamps et al. 2007, 2009).
The oldest species, C. chasicoense from the earliest Late
Miocene, is known from the provinces of Buenos Aires and
San Juan (Deschamps et al. 2007, 2009). C. patagonicum, the
most derived species with regards to its dental morphology,
comes from Peninsula Valdés, Chubut Province (Vucetich
et al. 2005), and represents the southernmost record of any
capybara. Finally, C. paranense is known from the provinces
of Entre Rios and Mendoza (this paper), whereas C. orientalis
is found in Uruguay (Francis and Mones 1965b). The mate-
rial from La Pampa Province could represent a fifth species,
here referred to Cardiatherium aff. orientalis (C. orientalis
in previous papers; e.g., Rocha and Montalvo 1999; Vucetich
et al. 2005). Any definitive identification of these specimens
must await the description of additional material of C. orien-
talis (see also Mones 1991: 17). Other Late Miocene species
are known exclusively from their holotypes (fragmentary
mandibles), and have not yet been revised. These include
“Kiyutherium?”” rosendoi Bondesio, 1985b (unknown levels
exposed at Puerta de Corral Quemado, Catamarca Province),
which may be synonymous with C. paranense (Deschamps
et al. 2007), and Cardiatherium isseli Rovereto, 1914 (uncer-
tain levels of the Rio Negro Formation, Rio Negro Province).

C. paranense and C. orientalis were described based
mostly on size and the morphology of their lower teeth, with-
out taking into account the effects of ontogeny. According to
Vucetich et al. (2005), these species (as well as C. aff. ori-
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entalis) cannot be clearly separated based on just the lower
teeth and mandibles, whereas C. chasicoense and C. pata-
gonicum are undoubtedly different (Deschamps et al. 2007,
2009). In agreement with this, we found that C. paranense
and C. aff. orientalis overlap in the morphology of their
upper teeth, whereas C. chasicoense and, in part, C. pata-
gonicum show different morphologies (Fig. 10), with the P4
being more reliable than the molars for species recognition.
By contrast, the cranial material studied here does provide
new data corroborating the differentiation of C. paranense
from C. aff. orientalis.

Our RW analysis of rostral shape demonstrates that the
differences between specimens mainly reflect changes in the
position of the origin of the masseter superficialis muscle,
the distance between the incisive foramen and P4, and the
inclination of the anterior root of the zygomatic arch. All the
specimens from the “conglomerado osifero”, as well as the
specimen from Tupungato, share a unique combination of
characters (relatively wide snout; short distance between the
incisive foramen and P4; little inclination of the anterior root
of the zygomatic arch; wide incisive foramen; and marked
lateral projection of the alveolus of P4), uniting them into a
single species. Given that all of the lower teeth and mandib-
ular fragments from the “conglomerado osifero” have been
assigned to C. paranense (Vucetich et al. 2005), we suggest
that the cranial material described here also belongs to this
species (as suggested by Vucetich et al. 2012), with the spec-
imen from Tupungato likely representing a juvenile individ-
ual. By contrast, C. aff. orientalis is characterised by a nar-
rower snout, a longer distance between the incisive foramen
and P4, a higher degree of inclination of the anterior root of
the zygomatic arch, and a narrower incisive foramen, result-
ing in an overall more gracile rostral architecture. However,
a more detailed assessment of the status of this taxon and it
phylogenetic relationships will have to await the description
of further material of C. orientalis.

In our PCA of the linear measurements (Fig. 8), different
specimens are arranged in the morphospace according to
their size, suggesting that (i) at least part of the morphological
variation is related to ontogenetic change, and (ii) that “Ana-
tochoerus”, “Contracavia”, and “Anchimysops” form part
of a single ontogenetic sequence representing C. paranense.
These results eliminate any record of small-sized species of
capybaras from the Late Miocene of Argentina, with all of
the small specimens described so far representing young in-
dividuals instead. This implies that large size may have been
acquired early during the evolutionary history of the group,
and reinforces the idea that the early radiation of capyba-
ras was not as explosive as previously thought (see Mones
1991). Instead, it is likely that this radiation would have been
constrained by an early acquisition of large size, increasing
complexity of cheek teeth, and probably semi-aquatic habits
(Vucetich et al. 2012).

Suprageneric taxonomy.—Our results substantially mod-
ify the contents of the capybara lineage. Thus, the Cardia-
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therinae, formerly thought to include Anchimys, Anchimy-
sops, Procardiatherium, Cardiatherium, Kiyutherium, and
Phugatherium (Mones 1991), should likely be reduced to
the single genus Cardiatherium, with the Pliocene Phugathe-
rium likely being a senior synonym of the protohydrocho-
erine Chapalmatherium (=Protohydrochoerus) (Vucetich et
al. 2005, 2012). Equally, the taxa formerly included in the
“Anatochoerinae” (Anatochoerus and Contracavia, but not
Hydrochoeropsis, which has not been included in this study
but is probably more closely related to Hydrochoerus; per-
sonal observations MGV and CMD)), are likely also junior
synonyms of Cardiatherium paranense, making Anatocho-
erinae superfluous. Taken together, our findings therefore
emphasise the need for a thorough revision of the classical
suprageneric arrangement of capybaras (see also Prado et al.
1998; Vucetich et al. 2005).

Biogeography, palaesoenvironments, and biostratigraphy.
—From a biogeographic point of view, the assignment of
the specimen from Tupungato to Cardiatherium paranense
expands the geographic distribution of this species (Fig. 1),
which so far had only been known only from the Parana
River cliffs, Entre Rios Province. This larger geographic dis-
tribution recollects that of C. chasicoense (Deschamps et al.
2009), and is in accordance with the wide geographic range
of the living species. Like all fossil capybaras found to date
(Deschamps et al. 2009), the specimen from Tupungato oc-
curred in water-related sediments, thus reinforcing the idea
that the semi-aquatic habits of modern capybaras were also
typical of their fossil representatives (Pascual and Bondesio
1981; Vucetich et al. 2012). In addition, the stratigraphic po-
sition of the specimen from Tupungato may help to constrain
the age of the Late Miocene “conglomerado osifero”. The
Rio de los Pozos Formation, which yielded the Tupungato
specimen, has been estimated to be younger than 5.8 Ma,
and no older than 8.2-7.4 Ma (see above). Given that the
earlier Chasicoan SALMA ends around 7 Ma (Deschamps et
al. 2009), the “conglomerado osifero” is likely to have been
deposited during a short episode between 7 and 5.8 Ma.
Cardiatherium aff. orientalis was found at Laguna Chill-
hué, where the Late Miocene biozone of Chasichimys scagliai
was defined on the basis of the Chasichimys—Xenodontomys
octodontoid rodent lineage, with an upper age limit of about
6.02 Ma (Verzi et al. 2008). Thus, C. aff. orientalis could have
been coeval with C. paranense. Another species of Cardia-
therium, C. talicei Francis and Mones, 1965a, is based on a
fragmentary mandible and skull from Uruguay, and differs
from the holotype of C. orientalis (see Francis and Mones
1965b: 52) mainly in its larger size and deeper tooth flexids.
Future analysis may establish whether these differences repre-
sent ontogenetic stages of a single species, or the presence of
genuinely different taxa. Cardiatherium has not been record-
ed from the Plio-Pleistocene sequence of Argentina, where
capybaras are represented by other genera characterised by
a rather different and more derived dental morphology and
other characters. By contrast, C. talicei has been considered

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



VUCETICH ET AL.—LATE MIOCENE CAPYBARAS FROM ARGENTINA 533

as either Montehermosan (Early Pliocene; Mones 1991, and
references there in) or even Ensenadan (Early Pleistocene;
Bossi et al. 2009) in age, thus making it the only occurrence
of the genus younger than the Late Miocene.

Finally, another fossil capybara specimen consisting of a
single m1 or m2 was found together with the holotype of C.
orientalis in the Kiyu Formation (currently Kiyu lithofacies
of the Camacho Formation sensu Sprechmann et al. 2000 =
San Pedro Member of the Camacho Formation sensu Perea
and Martinez 2005). Originally attributed to Eucardiodon cf.
marshi (Ameghino, 1891) by Mones and Castiglioni (1979),
the specimen was later synonymised with Anchimys marshii
(Mones 1991), which in turn has been suggested to be a po-
tential juvenile of C. paranense (Vucetich et al. 2005). How-
ever, since the latter cannot be distinguished from C. orien-
talis on the basis of their lower teeth alone, it is more likely
that A. marshii instead represents a juvenile C. orientalis.

Acknowledgements

We thank Alejandro Kramarz (MACN), Ricardo Martinez (PVSJ), Ale-
jandro Dondas (MMP), and the late Vicente Di Martino (MMH) for
access to material, Alicia Alvarez and Cecilia Morgan (both Facultad
de Ciencias Naturales y Museo de La Plata, Argentina) for comments
on the manuscript and for help with photographs. Manuel Sosa (Fac-
ultad de Ciencias Naturales y Museo de La Plata) produced the draw-
ings. Alvaros Mones (Augsburg, Germany) and Andrés Rinderknecht
(Museo Nacional de Historia Natural, Montevideo, Uruguay) provided
useful comments on this manuscript. Special thanks to the editor Felix
Marx (National Museum of Nature and Science, Tsukuba, Japan) for
his generous help with the final version. This paper was partially sup-
ported by grants UNLP 11/568, and CONICET PIP 0270, and Facultad
de Ciencias Exactas y Naturales, UNLPam to C..M.

References

Ameghino, F. 1883a. Sobre una coleccion de mamiferos fosiles del Piso
Mesopotamico de la Formacion Patagonica recogidos en las barrancas
del Parana por el Profesor Pedro Scalabrini. Boletin de la Academia
Nacional de Ciencias 5: 101-116.

Ameghino, F. 1883b. Sobre una nueva coleccion de mamiferos fosiles rec-
ogidos por el Profesor Scalabrini en las barrancas del Parand. Boletin
de la Academia Nacional de Ciencias 5: 257-306.

Ameghino, F. 1885. Nuevos restos de mamiferos fosiles oligocenos rec-
ogidos por el Profesor Pedro Scalabrini y pertenecientes al Museo Pro-
vincial de la ciudad del Parana. Boletin de la Academia Nacional de
Ciencias 8: 5-207.

Ameghino, F. 1886. Contribuciones al conocimiento de los mamiferos fo-
siles de los terrenos terciarios antiguos del Parana. Boletin de la Aca-
demia Nacional de Ciencias 9: 5-228.

Ameghino, F. 1889. Contribucion al conocimiento de los mamiferos fosiles
de la Repuiblica Argentina. Actas de la Academia Nacional de Ciencias
6: 1-1027.

Ameghino, F. 1891. Mamiferos y aves fosiles argentinas. Especies nue-
vas, adiciones y correcciones. Revista Argentina de Historia Natural
1: 240-259.

Ameghino, F. 1908. Las formaciones sedimentarias de la region litoral de
Mar del Plata y Chapalmalan. Anales del Museo Nacional de Buenos
Aires (3) 10: 343-428.

Behrensmeyer, A.K. 1991. Terrestrial Vertebrate Accumulations. In: P.
Allison and D.E.G. Briggs (eds.), Taphonomy: Releasing the Data
Locked in the Fossil Record, 291-335. Plenum, New York.

Bondesio, P. 1979. Nuevos restos de Cardiatheriinae (Rodentia, Hydro-
choeridae) en el territorio argentino. Inferencias paleoambientales.
Nota preliminar. Ameghiniana 15: 229-234.

Bondesio, P. 1985a. Kiyutherium scillatoyanei n. sp. (Rodentia, Hydro-
choeridae, Cardiatheriinae) de la Formacion Ituzaingé de la Provincia
de Entre Rios (Republica Argentina). Ameghiniana 21: 275-279.

Bondesio, P. 1985b. Un nuevo roedor Cardiatheriinae (Hydrochoeridae)
del Departamento de Belén, Provincia de Catamarca. Inferencias pa-
leoambientales. Probable edad de los sedimentos portadores. Amegh-
iniana 21: 280-284.

Bookstein, F.L. 1989. Principal warps: thin-plate splines and the decom-
position of deformations. IEEE Transactions on Pattern Analyses and
Machine Intelligence 11: 567-585.

Bookstein, F.L. 1991. Morphometric tools for landmark data. Geometry
and biology. 435 pp. Cambridge University Press, New York.

Bookstein, F.L. 1997. Morphometric Tools for Landmark Data. Morphom-
etry and Biology. 435 pp. Cambridge University Press, Cambridge.

Bossi, J., Ortiz, A., and Perea, D. 2009. Pliocene to Middle Pleistocene in
Uruguay: a model of climate evolution. Quaternary International 210:
37-43.

Bowdich, T.E. 1821. An Analysis of the Natural Classification of Mam-
malia, for the Use of Students and Travellers. 115 pp. J. Smith, Paris.

Brisson, M.J. 1762. Regnum animale in classes IX. distributum sive synop-
sis methodica. viii + 1-269. T. Haak, Leiden.

Burmeister, G. 1885. Examen critico de los mamiferos y reptiles fosiles
denominados por D. Augusto Bravard y mencionados en su obra prec-
edente. Anales del Museo Nacional de Buenos Aires 3: 153—174.

Chiaramonte, L., Ramos, V.A., and Araujo, M. 2000. Estructura y sismo-
tectonica del anticlinal Barrancas, cuenca Cuyana, provincia de Men-
doza. Revista de la Asociacion Geolégica Argentina 55: 309-336.

Cione, A.L., Azpelicueta, M.M., Bond, M., Carlini, A.A., Casciotta, J.,
Cozzuol, M., de la Fuente, M., Gasparini, Z., Goin, F., Noriega, J.,
Scillato-Yané, G., Soibelzon, L., Tonni, E.P., Verzi, D., and Vucetich,
M.G. 2000. Miocene vertebrates from Entre Rios, eastern Argentina.
In: F. Azefolaza and R. Herbst (eds.), El Neogeno de Argentina. INSU-
GEO Serie de Correlacion Geologica 14: 191-237.

Currey, J. 1984. The Mechanical Adaptations of Bones. 294 pp. Princeton
University Press, Princeton.

Deschamps, C.M. 1998. The presence of Neochoerus Hay, 1926 (Rodentia,
Hydrochoeridae) in Pleistocenic sediments of Southwestern Buenos
Aires Province, Argentina. Quaternary of South America and Antarc-
tic Peninsula 11: 1-14.

Deschamps, C.M., Olivares, A L., Vieytes, E.C., and Vucetich, M.G. 2007.
Ontogeny and diversity of the oldest capybaras (Rodentia, Hydrochoe-
ridae; Late Miocene of Argentina). Journal of Vertebrate Paleontology
27: 683-692.

Deschamps, C.M., Vieytes, E.C., Olivares, A.I., and Vucetich, M.G. 2009.
Primer registro de Cardiatherium chasicoense (Rodentia, Hydrochoe-
ridae) fuera del 4rea pampeana (Argentina) y su valor bioestratigrafi-
co. Ameghiniana 46: 295-305.

Dozo, M.T., Bouza, P., Monti, A., Palazzesi, L., Barreda, V., Massaferro,
G., Scasso, R.A., and Tambussi, C.P. 2010. Late Miocene continental
biota in Northeastern Patagonia (Peninsula Valdés, Chubut, Argentina).
Palaeogeography, Palaeoclimatology, Palaeoecology 297: 100-109.

Frailey, C.D. 1986. Late Miocene and Holocene mammals, exclusive of
the Notoungulata, of the rio Acre region, Western Amazonia. Contri-
bution in Sciences, Natural History Museum of Los Angeles County
374: 1-46.

Francis, J.C. and Mones, A. 1965a. Sobre el hallazgo de Cardiatherium tal-
icei n. sp. (Rodentia Hydrochoeridae) en la Playa Kiyt, Departamento
de San José, Republica Oriental del Uruguay. Kraglieviana 1: 3-44.

Francis, J.C. and Mones, A. 1965b. Sobre el hallazgo de Kiyutherium ori-
entalis n. g., n. sp. (Rodentia Hydrochoeridae) en la Formacion Kiyu

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://dx.doi.org/10.1109/34.24792
http://dx.doi.org/10.1671/0272-4634(2007)27%5b683:OADOTO%5d2.0.CO;2
http://dx.doi.org/10.1016/j.palaeo.2010.07.018

534

de las Barrancas de San Gregorio, Departamento de San José, Republi-
ca Oriental del Uruguay. Kraglieviana 1: 45-54.

Gill, T. 1872. Arrangement of the families of mammals with analytical ta-
bles. Smithsonian Miscellaneous Collections 11 (1): vi + 1-98.

Gray, J.E. 1825. Outline of an attempt at the disposition of the Mammalia
in two tribes and families with a list of the genera apparently apertain-
ing to each tribe. Annals of Philosophy 10: 337-344.

Gunz, P., Mitteroecker, P., and Bookstein, F. 2005. Semilandmarks in three
dimensions. In: D.E. Slice (ed.), Modern Morphometrics in Physical
Anthropology. Developments in Primatology: Progress and Prospects,
Part One, 73-98. Kluwer Academic/Plenum Publishers, New York.

Hay, O.P. 1926. A collection of Pleistocene vertebrates from southwestern
Texas. Proceedings of the U.S. National Museum 68: 1-18.

Hammer @. 2007. PAST-PAlaeontological STatistics, ver. 1.67. http://folk.
uio.no/ohammer/past

Hammer, 0., Harper, D.A.T., and Ryan, P.D. 2001. PAST: Paleontological
Statistics. Software Package for Education and Data Analysis. Palae-
ontologia Electronica 4: 9. http://palaco-electronica.org/2001 1/past/
issuel 01.htm

Herbst, R. 2000. La Formacion Ituzaing6 (Plioceno). Estratigrafia y distri-
bucion. In: F. Azefiolaza and R. Herbst (eds.), El Nedgeno de Argenti-
na. INSUGEO Serie de Correlacion Geoldgica 14: 181-190.

Irigoyen, M.V., Brown, R.L., and Ramos, V.A. 1995. Magnetic polarity
stratigraphy and sequence of thrusting: 33°S latitude, Mendoza prov-
ince, Central Andes of Argentina. COMTEC-ICL Andean Thrust Tec-
tonics Symposium, Programs with abstracts, 16-17. TUGS, Andean
Subcommission, San Juan.

Kraglievich, L. 1927. Nota preliminar sobre nuevos géneros y especies de
roedores de la fauna argentina. Physis 8: 591-598.

Kraglievich, L. 1930. La Formacion Friasiana del rio Frias, rio Fénix, lagu-
na Blanca, etc., y su fauna de mamiferos. Physis 10: 127-161.

Kraglievich, L. 1934. La antigliedad Pliocena de las faunas de Monte Her-
moso y Chapadmalal deducida de su comparacion con las que les pre-
cedieron y sucedieron. 136 pp. Imprenta El Siglo Ilustrado, Montevideo.

Kraglievich, L. 1940. Descripcion detallada de diversos roedores Argenti-
nos terciarios clasificados por el autor. Obras de Geologia y Paleon-
tologia, Ministerio de Obras Publicas de la Provincia de Buenos Aires
2:297-330.

Kraglievich, L. and Parodi, L.J. 1940. Morfologia normal y morfogéne-
sis de los molares de los carpinchos. Obras de Geologia y Paleon-
tologia, Ministerio de Obras Publicas de la Provincia de Buenos Aires
3:437-484.

Kraglievich, L.J. 1945.Algunos datos sobre los roedores extinguidos de los
géneros Cardiotherium y Plexochoerus. Anales de la Sociedad Cienti-
fica Argentina 140: 449-457.

Landry, S.O., Jr. 1957. The interrelationships of the New and Old World
hystricomorph rodents. University of California Publications in Zool-
ogy 56: 1-118.

Landry, S.O., Jr. 1999. A proposal for a new classification and nomencla-
ture for the Glires (Lagomorpha and Rodentia). Mitteilungen aus dem
Museum fiir Naturkunde in Berlin, Zoologische Reihe 75: 283-316.

Linares, O.J. 2004. Bioestratigrafia de la fauna de mamiferos de las For-
maciones Socorro, Urumaco y Codore (Mioceno medio-Plioceno tem-
prano) de la region de Urumaco, Falcon, Venezuela. Paleobiologia
Neotropical 1: 1-26. http://www.paleobio.labb.usb.ve/Paleobio01.pdf.

Linares, E., Llambias, E., and Latorre, C. 1980. Geologia de la provin-
cia de La Pampa, Republica Argentina y Geocronologia de sus rocas
metamorficas y eruptivas. Revista Asociacion Geoldgica Argentina 35:
87-146.

Linnaeus, C. 1766. Systema naturae per regna tria naturae, secundum
classes, ordines, genera, species, cum characteribus, differentiis, syn-
onymis, locis. 1. 10" edition. 532 pp. Laurentii Salvii, Holmiae.

Mares, M.A. and Ojeda, R.A. 1982. Patterns of diversity and adaptation in
South American hystricognath rodents. In: M.A. Mares and H.H. Geno-
ways (eds.), Mammalian Biology in South America, 393-432. Pymatun-
ing Laboratory of Ecology, University of Pittsburgh, Pittsburgh.

Milana, J.P. and Zambrano, J.J. 1996. La Cerrillada Pedemontana Men-

ACTA PALAEONTOLOGICA POLONICA 59 (3), 2014

docina: un sistema geologico retrocorrido en vias de desarrollo. Revis-
ta Asociacion Geoldgica Argentina 51: 289-303.

Mitteroecker, P. and Gunz, P. 2009. Advances in geometricmorphometrics.
Evolutionary Biology 36: 235-247.

Mones, A. 1974. Estudios sobre la familia Hydrochoeridae (Rodentia), II1.
Osteologia comparada de la region auditiva de Hydrochoerus Brisson
con formas afines. Ameghiniana 11: 39-57.

Mones, A. 1975. Estudios sobre la Familia Hydrochoeriidae (Rodentia),
V. Revalidacion de sus caracteres morfologicos dentarios con algunas
consideraciones sobre la filogenia del grupo. | Congreso Argentino de
Paleontologia y Bioestratigrafia 2: 463-476.

Mones, A. 1984. Estudios sobre la familia Hydrochoeridae, XIV. Revision
Sistematica (Mammalia: Rodentia). Senckenbergiana Biologica 65:
1-17.

Mones, A. 1986. Paleovertebrata sudamericana. Catalogo Sistematico de
los Vertebrados fosiles de América del Sur. Parte I, Lista Preliminar y
Bibliografia. Courier Forschungsinstitut Senckenberg 82: 1-625.

Mones, A. 1991. Monografia de la Familia Hydrochoeridae (Mammalia,
Rodentia). Sistematica-Paleontologia-Bibliografia. Courier For-
schungsinstitut Senckenberg 134: 1-235.

Mones, A. and Castiglioni, L.R. 1979.Additions to the knowledge on
fossil rodents of Uruguay (Mammalia: Rodentia). Paldontologische
Zeitschrift 53: 77— 87.

Mones, A. and Ojasti, J. 1986. Hydrochoerus hydrochaeris. Mammalian
Species 264: 1-7.

Monteiro, L.R. and dos Reis, S.F. 1999. Principios de Morfometria
Geomeétrica. 188 pp. Holos Editora, Ribeirdo Preto.

Ojasti, J. 1973. Estudio bioldgico del chigtiire o capibara. 275 pp. Fondo
Nacional de Investigaciones Agropecuarias, Caracas.

Owen, R. 1841 (1840-1845). Odontography. A Treatise on the Compar-
ative Anatomy of the Teeth; Their Physiological Relations, Mode of
Development, and Microscopic Structure, in the Vertebrate Animals. 1,
Text; 2, Atlas. 762 pp and 150 pls. Hippolyte Bailliere, London.

Pascual, R. and Bondesio, P. 1961. Un nuevo Cardiatheriinae (Rodentia,
Hydrochoeridae) de la Formacion Monte Hermoso (Plioceno superi-
or) de la Provincia de Buenos Aires. Algunas consideraciones sobre
la evolucion morfologica de los molariformes de los Cardiatheriinae.
Ameghiniana 2: 93—-111.

Pascual, R. and Bondesio, P. 1968. Los Cardiatheriinae (Rodentia, Cav-
iomorpha) de la Formacion Arroyo Chasicéd (Plioceno inferior) de la
provincia de Buenos Aires. Ameghiniana 5: 237-251.

Pascual, R. and Bondesio, P. 1981. Un Cardiatheriinaec (Mammalia, Ro-
dentia, Hydrochoeridae) de los calcareos travertinicos de La Playas
(Cérdoba). Edad y correlaciones. Ameghiniana 18: 169-175.

Pascual, R. and Bondesio, P. 1982. Un roedor Cardiatheriinae (Hydrochoe-
ridae) de la Edad Huayqueriense (Mioceno tardio) de La Pampa. Su-
mario de los ambientes terrestres en la Argentina durante el Mioceno.
Ameghiniana 19: 19-35.

Pascual, R. and Bondesio, P. 1985. Mamiferos terrestres del Mioceno me-
dio—tardio de las cuencas de los rios Colorado y Negro (Argentina):
Evolucion ambiental. Ameghiniana 22: 133-145.

Patterson, B. and Wood, A.E. 1982. Rodents from the Deseadan Oligocene
of Bolivia and the relationships of the caviomorpha. Bulletin of the
Museum of Comparative Zoololgy 149: 371-543.

Perea, D. and Martinez, S. 2005. Estratigrafia del Mioceno—Pleistoceno
en el litoral sur-oeste de Uruguay. In: G. Veroslavsky, M. Ubilla, and
S. Martinez (eds.), Cuencas sedimentarias de Uruguay. Cenozoico,
vol 5, 105-124. Facultad de Ciencias, Universidad de la Republica,
Montevideo.

Pérez, M.E. 2010a. A new rodent (Cavioidea, Hystricognathi) from the-
middle Miocene of Patagonia, mandibular homologies, and the origin
of the crown group Cavioidea sensu stricto. Journal of Vertebrate Pa-
leontology 30:1848-1859.

Pérez, MLE. 2010b. Sistemética, ecologia y bioestratigrafia de Eocardi-
idae(Rodentia, Hystricognathi, Cavioidea) del Mioceno temprano y
medio de Patagonia. 357 pp. Unpublished Ph.D. dissertation, Uni-

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://folk.uio.no/ohammer/past
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://dx.doi.org/10.1007/0-387-27614-9_3
http://dx.doi.org/10.5479/si.00963801.68-2625.1
http://dx.doi.org/10.1002/mmnz.19990750209
http://dx.doi.org/10.2307/3503784
http://dx.doi.org/10.1080/02724634.2010.522432

VUCETICH ET AL.—LATE MIOCENE CAPYBARAS FROM ARGENTINA 535

versidad Nacional de La Plata, La Plata. http://sedici.unlp.edu.ar/han-
dle/10915/4300

Pérez, M.E. and Vucetich, M.G. 2011. A new exctinct genus of Cavioidea
(Rodentia, Hystricognathi) from the Miocene of Patagonia and the
evolution of cavioid mandibular morphology. Journal of Mammalian
Evolution 18: 163-183.

Perez, S.I., Bernal, V., and Gonzalez, P.N. 2006. Differences between
semi-landmark methods in geometric morphometrics, with an appli-
cation to human craniofacial and dental variation. Journal of Anatomy
208: 769-784.

Prado, J.L., Cerdefio, E., and Roig-Jufient, S.1998. The giant rodent Cha-
palmatherium from the Pliocene of Argentina: new remains and taxo-
nomic remarks on the Family Hydrochoeridae. Journal of Vertebrate
Paleontology 18: 788-798.

Rocha, A.M. and Montalvo, C.I. 1999. Variabilidad morfologica de los
molariformes inferiores de Kiyutherium (Rodentia, Hydrochoeridae,
Cardiatheriinae). Jornadas Pampeanas de Ciencias Naturales 7:
279-287.

Rogers, R.R., Eberth, D.A., and Fiorillo, A.R. 2007. Bonebeds: Genesis,
Analysis, and Paleobiological Significance. 512 pp. University of Chi-
cago Press, Chicago.

Rohlf, F.J. 1990. Rotational fit (Procrustes) methods. In: F.J. Rohlf and F.L.
Bookstein (eds.), Proceedings, Michigan Morphometrics Workshop.
Museum of Zoology, Special Publication (University of Michigan) 2:
227-236.

Rohlf FJ. 2008. Tpsdig, version 2.12; tpsrelw, version 1.46. State Universi-
ty of New York, Stony Brook. Available at: http:/life.bio.sunysb.edu/
morph/

Rohlf, F.J. and Slice, D.E. 1990. Extensions of the Procrustes method for
the optimal superimposition of landmarks. Systematic Zoology 39:
40-59.

Rovereto, C. 1914. Los Estratos Araucanos y sus fosiles. Anales del Museo
Nacional de Historia Natural 25: 1-147.

Rusconi, C. 1934. Sexta noticia sobre los vertebrados fosiles del Puelchense
de Villa Ballester. Anales de la Sociedad Cientifica Argentina 117:
177-186.

Schafer, J.L. and Olsen, M.K. 1998. Multiple imputation for multivariate
missing-data problems: a data analyst’s perspective. Multivariate Be-
havioral Research 33: 545-571.

Sprechmann, P., Ferrando, L.A., and Martinez, S. 2000. Estado actual de
los conocimientos sobre la Formacion Camacho (Mioceno medio?-su-
perior?, Uruguay). In: F. Azefiolaza and R. Herbst (eds.), El Neogeno
de Argentina. INSUGEO Serie de Correlacion Geoldgica 14: 67-75.

Tullberg, T. 1899. Ueber das System der Nagethiere, eine phylogenetische
Studie. Nova Acta Regiae Societatis Scientiarum Upsalensis (3) 18 (2,
Sectio Medica et Historiae Naturalis): 1-514.

Verzi, D.H., Montalvo, C.I., and Deschamps, C.M. 2008. Biostratigraphy
and biochronology of the Late Miocene of central Argentina: evidence
from rodents and taphonomy. Geobios 41: 145-155.

Vieytes, E.C. and Deschamps, C.M. 2007. Morfometria Geométrica aplica-
da al disefio oclusal de molares inferiores de carpinchos (“Caviomor-
pha”: Hydrochoeridae) actuales y fosiles. XXI Jornadas Argentinas de
Mastozoologia Abstracts, 244-245. SAREM Sociedad Argentina para
el Estudio de los Mamiferos, Tucuman.

Vucetich, M.G. and Pérez, M.E. 2011. The putative cardiomyines (Roden-
tia, Cavioidea) of the middle Miocene of Patagonia (Argentina) and
the differentiation of the Family Hydrochoeridae. Journal of Verte-
brate Paleontology 31: 1382-1386.

Vucetich, M.G., Deschamps, C.M., Olivares, A.l., and Dozo, M.T. 2005.
Capybaras, shape, size and time: a model kit. Acta Paleontologica Po-
lonica 50: 259-272.

Vucetich, M.G., Deschamps, C.M., and Pérez, M.E. 2012. Palaeontology,
evolution and systematics of capybaras. In: J.R. Moreira, K.M.P.M. de
Barros Ferraz, E.A. Herrera, and D.W. Macdonald (eds.), Capybara:
Biology, Use and Conservation of an Exceptional Neotropical Species,
39-59. Springer, New York.

Wilson, L.B. and Sanchez-Villagra, M.R. 2009. Heterochrony and patterns
of cranial suture closure in hystricognath rodents. Journal of Anatomy
214: 339-354.

Wood, A.E. 1955. A revised classification of the rodents. Journal of Mam-
malogy 36: 165-187.

Yrigoyen, M.R. 1993ba. Los depdsitos sinorogénicos Terciarios. In: V.A.
Ramos (ed.), Geologia y Recursos Naturales de Mendoza. 12° Con-
greso Geoldgico Argentino y 2° Congreso de Exploracion de Hidro-
carburos Relatorio 1 (I1), 123-148. Asociacion Geoldgica Argentina,
Buenos Aires.

Yrigoyen, M.R. 1993b. Revision estratigrafica del Nedgeno de la region
Cacheuta-La Pilona-Tupungato, Mendoza septentrional, Argentina.
12° Congreso Geologico Argentino y 2° Congreso de Exploracion de
Hidrocarburos Actas 2, 187-199. Asociacion Geoldgica Argentina,
Buenos Aires.

Zar, ].H. 1984. Biostatistical Analysis. 2nd Edition. 718 pp. Prentice-Hall,
Englewood Cliffs, New Jersey.

Zelditch, M.L., Swiderski, D.L., Sheets, H.D., and Fink,W.D. 2004. Geo-
metric Morphometrics for Biologists: a Primer. 437 pp. Elsevier Aca-
demic Press, San Diego.

Downloaded From: https://complete.bioone.org/journals/Acta-Palaeontologica-Polonica on 26 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use


http://sedici.unlp.edu.ar/handle/10915/4300
http://life.bio.sunysb.edu/morph/
http://dx.doi.org/10.1007/s10914-011-9154-1
http://dx.doi.org/10.1111/j.1469-7580.2006.00576.x
http://dx.doi.org/10.1080/02724634.1998.10011107
http://dx.doi.org/10.1016/j.geobios.2006.09.005
http://dx.doi.org/10.1080/02724634.2011.618194
http://dx.doi.org/10.1111/j.1469-7580.2008.01031.x



