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Abstract Chinchilloidea is an emblematical group of cav-
iomorph rodents characterized by euhypsodont, laminated
cheek teeth. Recent molecular analyses proposed that the
extant Dinomys (and implicitly its fossil allies) is also part of
this group. Their relationships with fossil caviomorphs with
less derived dental features are still obscured by the defi-
ciency of the fossil record documenting its early dental
evolution. The new genus and species Garridomys curunu-
quem, from the early Miocene deposits of the Cerro Bandera
Formation, northern Patagonia, is here described. It is rep-
resented by numerous mandible and maxillary remains with
dentition. This species has protohypsodont cheek teeth with
three transverse crests in all ontogenetic stages arranged in a
transitory S-shaped pattern, resembling putative early dino-
myids. Garridomys curunuquem is here interpreted as the
sister group of the clade including the living and fossil
chinchillids; both chinchillas and viscaccias would have
diverged from a Garridomys-like ancestor and acquired
hypsodonty independently. Garridomys and other chinchil-
loids would have diverged from the lineage leading to
chinchillids in pre-Oligocene times, suggesting a very early,
still poorly documented chinchilloid radiation.
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Introduction

The Chinchilloidea is the taxonomic unit originally con-
ceived for grouping the extant and fossil viscaccias, chin-
chillas, and other endemic South American hystricognath
rodents with euhypsodont, multilaminated cheek teeth (i.e.,
neoepiblemids; Kraglievich 1940). Subsequent authors also
included other fossil groups of still uncertain affinities (e.g.,
cephalomyids, perimyids; Loomis 1914; Landry 1957;
Vucetich 1985, but see Simpson 1945; Kramarz 2005),
and even the cuniculids and abrocomids were proposed as
related to chinchillas (Wood and Patterson 1959; Glanz and
Anderson 1990). More recently, Huchon and Douzery
(2001), based on molecular evidence, concluded that the
extant Dinomys Peters, 1873 (previously classified in other
hystricognath superfamilies) is closely related to chinchill-
ids, suggesting that dinomyids should also be included in
the Chinchilloidea. In addition, theWest Indian heptaxodontid
Amblyrhiza Cope, 1868, was recently proposed as related to
dinomyids by sharing some apomorphic characters of the
enamel microstructure (Vucetich et al. 2005a) and basicranial
features (MacPhee 2011), excluding it from the Cavioidea or
Octodontoidea. This new systematic perspective, as well as
the new records, reveals that Chinchilloidea is a more diverse
caviomorph clade than supposed, and that their early evolu-
tion was more complex than previously thought.

Chinchillids and neoepiblemids first appeared very early in
the fossil record (early and late Oligocene, respectively, Loomis
1914; Wood and Patterson 1959; Flynn et al. 2003), already
showing very advanced dental characters in terms of hypso-
donty and occlusal simplification. In turn, unquestionable,
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highly derived dinomyids first appeared during the latest
middle Miocene (Kraglievich 1930; Fields 1957; Walton
1997). Some late Oligocene–early Miocene species with
less derived dental characters, as Branisamys Hoffstetter
and Lavocat, 1970, and Scleromys Ameghino, 1887, were
regarded as Dinomyidae (the attribution of Branisamys to
Agoutidae by Frailey and Campbell 2004 is unfounded).
Nevertheless, the homologies between most of the occlusal
structures of these putative primitive chinchilloids and those
of the derived species are still uncertain, because the record
of both ontogenetic and phylogenetic trajectories, leading to
the occlusal pattern of the modern groups, is very incom-
plete. These facts greatly complicate the understanding of
their origins and early diversification.

In this contribution we describe a new genus and species
of a hystricognath rodent from early Miocene sediments of
the Cerro Bandera Formation at Neuquén Province, northern
Patagonia (Leanza and Hugo 1997; Kramarz et al. 2005,
2011). This new taxon is represented by many maxillary and
mandible remains with dentition. The materials provide
significant support for the confident assignment of this
new taxon to the Chinchilloidea, and for a preliminary
discussion of its affinities within a cladistic context, as well
as dental evolution and probable homologies of the occlusal
structures in chinchillids.

Institutional Abbreviations:
MPEF-PV Paleover tebrate Col lect ion, Museo

Paleontológico Egidio Feruglio (Trelew, Chubut); MOZ-
PV Paleovertebrate Collection, Museo Prof. Juan Olsacher
(Zapala, Neuquén).

Systematic Paleontology

Order Rodentia Bowdich, 1821
Suborder Hystricognathi Tullberg, 1899
Superfamily Chinchilloidea Kraglievich, 1940
Garridomys, gen. nov.

Type species: Garridomys curunuquem, sp. nov.
Etymology: In honor of the geologist Alberto Garrido, for

his studies on the geology and biostratigraphy of the
Neuquén Basin.

Chronologica l and geographic d i s t r ibu t ion:
Colhuehuapian? South American Land Mammal Age
(SALMA; early Miocene, Flynn and Swisher 1995);
Neuquén Province, Argentina.

Diagnosis: Small chinchillid, similar in size to
Eoviscaccia Vucetich, 1989, or the smallest species of
Prolagostomus Ameghino, 1887. Protohypsodont cheek
teeth, lower crowned than in the species of Eoviscaccia,
with cement in adult stages. Hypoflexus/id connected with
the parafossette/metafossettid during juvenile stages. P4-M3

and m1-3 with two very persistent labial (in the uppers) and
lingual (in the lowers) fossettes/ids. Mandibular masseteric
crest slightly everted, as in Scleromys and unlike all known
chinchillids.

Garridomys curunuquem, sp. nov.
(Figures 2, 3, 4, and 5)

Holotype: MOZ-PV-920, left mandible fragment with p4-
m3 and incomplete incisor.

Hypodigm: The holotype and the following specimens:
MOZ-PV-856, left maxillary fragment with P4-M2; MOZ-
PV-857, right maxillary fragment with P4-M3; MOZ-PV-
858, right maxillary fragment with P4-M2; MOZ-PV-859,
left maxillary fragment with P4-M2; MOZ-PV-860, right
maxillary fragment with P4-M2; MOZ-PV-861, left maxil-
lary fragment with P4-M2; MOZ-PV-862, right maxillary
fragment with P4-M1; MOZ-PV-863, right mandible frag-
ment with p4-m1; MOZ-PV-864, left mandible fragment
with p4; MOZ-PV-921, right mandible fragment with p4-
m3 and incomplete incisor; MOZ-PV-922, right mandible
fragment with p4-m2 and incomplete incisor; MOZ-PV-923,
left mandible fragment with p4-m2; MOZ-PV-928, left man-
dible fragment with p4-m2; MOZ-PV-929, right mandible
fragment with p4-m3; MOZ-PV-930, left mandible fragment
with p4-m3; MOZ-PV-931, left mandible fragment with p4-
m2; MOZ-PV-932, right mandible fragment with p4-m2 y
partial incisor; MOZ-PV-933, right mandible fragment with
p4-m2; MOZ-PV-934, left mandible fragment with p4-m2;
MOZ-PV-935, right mandible fragment with p4-m1 and
partial m2; MOZ-PV-936, left mandible fragment with p4-
m2; MOZ-PV-937, right mandible fragment with dp4-m1
and incomplete incisor; MOZ-PV-938, right mandible frag-
ment with erupting p4, m1, and partial incisor; MOZ-PV-939,
right mandible fragment with p4 and incomplete incisor;
MOZ-PV-940, right mandible fragment with p4 and incom-
plete incisor; MOZ-PV-941, right mandible fragment with
incisor and p4; MOZ-PV-942, right mandible fragment with
incomplete p4; MOZ-PV-943, isolated right, little worn m1 or
m2 (incomplete); MOZ-PV-944, isolated right, unworn m1 or
m2; MOZ-PV-945, isolated left M1 or M2; MOZ-PV-946,
isolated left M1 or M2; MOZ-PV-947, isolated left, unworn
p4; MOZ-PV-948, isolated right M1 or M2; MOZ-PV-1041,
right mandible fragment with m1-m2; MOZ-PV-1045, isolat-
ed M1 or M2; MOZ-PV-1070, isolated left lower molar.

Etymology: From Mapuche curu 0 black, and nüquem 0

cliff (barda in Spanish), in reference to the type locality
Barda Negra.

Geographic provenance: All the specimens come from
the NE slope of Barda Negra, Zapala Department, Neuquén
Province, Argentina (Fig. 1).

Stratigraphic provenance and age: All the materials
come from isolated outcrops of the Cerro Bandera
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Formation, in the vicinity of the Puesto Calfú locality
(Fig. 1). This unit is a 45 m thick succession of
reworked pyroclastic deposits alternating with primary
pyroclastic and scant sandstone levels exposed in iso-
lated areas at east central Neuquén Province, north-
western Patagonia. These outcrops represent the relicts
of an old alluvial filling developed on small local
valleys excavated on Late Cretaceous and Paleocene
deposits (Leanza and Hugo 1997; Kramarz et al.
2005). The specimen MOZ-PV-1070 comes from
whitish-grayish tuffaceous sediments located about
25 m from the base of the exposed section (S
39º02’26.21”/W 69º40’53.36). The holotype and the
remaining specimens come from a level with similar
lithology located about 6 m above the base of the
stratigraphic section exposed in the area (S 39° 02’
06.3”/W 69° 40’ 54.3”). The mammal-bearing deposits
of the Cerro Bandera Formation were assigned to the
Colhuehuapian SALMA on the basis of a diverse
mammalian fauna collected from localities other than
Barda Negra (Leanza and Hugo 1997; Kramarz et al.
2005). However, recent findings of some Deseadan
(late Oligocene) taxa in the Garridomys bearing depos-
its at Barda Negra could indicate a pre-Colhuehuapian
age for these levels (Kramarz et al. 2011).

Diagnosis: As for the genus.
Description and comparisons: Cheek teeth are high

crowned and rooted (protohypsodont); the crown height
(measured on the lingual side of the uppers and the labial
one of the lowers) is nearly twice the anteroposterior diam-
eter in unworn teeth; therefore they are lower crowned than
in Eoviscaccia boliviana Vucetich, 1989, and higher than in
Scleromys osbornianus Ameghino, 1894. The uppers have
marked unilateral hypsodonty.

Unworn or little worn upper molars (Fig. 2a–c) are nearly
as long as wide, and have four broad, transverse crests
separated by compressed valleys. The anteriormost crest is
a combined protocone-anteroloph. It is somewhat oblique
anterolabially-posterolingually, but the labial portion curves
backward to contact the paracone; thus, the paraflexus is
rapidly closed on the labial side. The second crest runs
diagonally from the hypocone to the paracone, probably
representing a continuous anterior arm of the hypocone +
protoloph. There is not a distinguishable mure; thus, the
protocone is isolated from this composite crest and the hypo-
flexus converges with the paraflexus, resulting in a “taenio-
dont” pattern. The third crest, probably corresponding to the
metaloph, is nearly a semicircle running from the metacone to
the central portion of the fourth crest. The valley separating
the second from the third crest (mesoflexus?) is long, and

Fig. 1 Geologic map of the northeastern slope of the Barda Negra hill (Neuquén Province, Argentina), showing the exposures of the Cerro Bandera
Formation and the location of the site bearing remains of Garridomys curunuquem, gen. et sp. nov. Modified from Kramarz et al. (2011)
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opens on the labial side of the tooth. The fourth crest forms the
labial two-thirds of the posterior wall; its lingual end is weakly
connected to the hypocone, closing the mesoflexus? on the
posterior wall. A small, subcircular fossette is delimited on the
posterolabial corner by the last two crests. At this stage of
wear the occlusal surface insinuates an S-shaped pattern,
strongly resembling that of unworn molars of Eoviscaccia
boliviana and Scleromys quadrangulatus Kramarz, 2006a,
and in a lesser degree to Incamys bolivianus Hoffstetter and
Lavocat, 1970. It also resembles a primitive chinchilloid upper
molar (MPEF-PV 5421) from Colhuehuapian levels at Gran
Barranca, Patagonia, Argentina, described by Vucetich et al.
(2010: fig. 14.3I). This tooth is similar to Garridomys curru-
nuquem, gen. et sp. nov., in size and crown height.
Nevertheless, it differs in that the enamel thickness is homo-
geneous, the hypoflexus is funnel-like, wider in its lingual
portion, and the occlusal pattern is three-crested, without
evidence of metaloph, at least in this stage of wear.

With a little more wear the central valley of the molars of
Garridomys becomes an elongated, somewhat posteriorly
curved enamel lake. Later, the molar becomes wider than
long and the posterolabial fossette is worn away, forming a
metacone-metaloph-posteroloph complex on the posterola-
bial corner of the tooth (Fig. 3). At this stage the occlusal
surface resembles that of little worn molars of Eoviscaccia

boliviana, moderately worn molars of Scleromys quadran-
gulatus, and much worn molars of Incamys bolivianus. The
enamel layer is continuous, but thicker on the leading edges.
As wear progresses, the surface of the metacone-metaloph-
posteroloph complex is gradually reduced, and a small
septum isolates the parafossette from the hypoflexus, as in
moderately worn molars of Eoviscaccia boliviana. A layer
of cement fills the lingual portion of the hypoflexus. With
increasing wear the hypoflexus becomes more penetrating,
reaching nearly two-thirds of the transverse width of the
crown, in detriment to the transverse extension of the parafos-
sette, which gradually changes to a small, oval enamel lake.
The mesofossette is a little larger but also becomes a small
enamel lake, half moon-shaped in some specimens. In this
stage of wear a bilobed occlusal pattern is barely insinuated
(see M2 of Fig. 3b and M1-M2 of Fig. 3c). In deeply worn
molars the hypoflexus losses its connection with the lingual
face of the crown, becoming an elongated hypofossette, and
the labial fossettes persist as minute subcircular enamel lakes
(see M1 in Fig. 3b). Little worn and much worn P4s (Fig. 3)
are similar to the molars in equivalent stages of wear, and
probably have similar ontogenetic trajectories. The crown
only differs from that of the molars in having a more rounded
anterolabial corner, and the base is implanted, curving for-
ward. The M3 differs from M1 and M2 by being wider
anteriorly than posteriorly, and in having a small posterior
projection of the posterolabial corner (see Fig. 3a).

Unworn and little worn lower molars (Fig. 4a and b) have
three main crests. The anterior one (metalophulid I) narrows
labially near its contact with the protoconid, and lingually,
close to its union with the metaconid. The protoconid has a
robust, long, and nearly transverse posterior arm. A short
accessory crest (vestigial metalophulid II) runs labially from
the posterior arm of the metaconid and its free labial end is
opposed to the lingual end of the posterior arm of the
protoconid, producing a Y-shaped anterior valley. The hypo-
lophid is broad and transverse, slightly oblique to the pos-
terior arm of the protoconid. In some individuals (Fig. 4b)
the hypolophid and the posterior arm of the protoconid are
hardly joined, probably involving a short ectolophid, where-
as in others they are united even without wear (Fig. 4a). The
hypolophid is isolated from the hypoconid; consequent-
ly, the metaflexid merges with the hypoflexid and the
resulting occlusal pattern is taeniodont, as in the upper
molars. The posterior most crest is a combined hypo-
conid–posterololophid. The lingual portion curves for-
ward, but does not contact the entoconid. Consequently,
the posterior valley opens lingually, as well as does the
posterior arm of the anterior lingual valley. As for the
upper molars, this occlusal pattern strongly resembles
that of unworn molars of Eoviscaccia (at least E. aus-
tralis Vucetich, 1989) and little worn molars of
Scleromys and Incamys.

Fig. 2 Unworn and little worn upper molars of Garridomys curunu-
quem, gen. et sp. nov., and terminology used to describe the upper
cheek teeth occlusal structures. a MOZ-PV-948, right M1 or M2
(shown as left); b MOZ-PV-946, left M1 or M2; c MOZ-PV-945, left
M1 or M2. Abbreviations: Al, anteroloph; H, hypocone; Me, meta-
cone; Mel, metaloph; P, protocone; Pa, paracone; Pl, posteroloph; Prl,
protoloph
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With little wear the anterior arm of the Y-shaped valley is
worn away (see m1 of Fig. 4c), forming a fused metaconid-

metalophulid complex on the anterolingual corner of the
tooth. The hypolophid and the posterior arm of the proto-
conid form a continuous and oblique crest. The anterior
valley rapidly becomes a long, anteriorly concave enamel
lake (see m1 in Fig. 4b); almost simultaneously or a little
later the posterior valley loses its connection with the lingual
wall of the tooth (see m3 of Fig. 5a). In this ontogenetic
stage the occlusal pattern resembles little worn molars of
Eoviscaccia (at least E. australis) and moderately worn
molars of Scleromys and Incamys. In some specimens the
closure sequence of the lingual flexids is reversed, being
with the posterior flexid somewhat more ephemeral than the
anterior one; thus, a transitory S-shaped configuration is
barely insinuated.

With more wear a small wall separates the hypoflexid from
the metafossettid (see m1-m2 in Fig. 5a; m1 in Fig. 5b and c).
Both lingual fossettids gradually become small, rounded
enamel lakes. The hypoflexid penetrates nearly halfway
across the crown, opposed to the posterior, smallest fossettid.
The hypoflexid is compressed in the lingual portion, but it
widens labially. As in the upper molars, in this stage of wear a
bilobed pattern is hardly insinuated. In senile stages the hypo-
flexid becomes isolated from the external face of the tooth.

The p4 is longer than the molars (Table 1), becoming
even longer at the base, and the trigonid is narrower than the
talonid (Figs. 4c and 5). When unworn (Fig. 4c), the trigonid
shows an anterolingual cusp (metaconid?), an anterolabial
cusp (protoconid), and an accessory lingual cusp (meso-
stylid?) between the metaconid and the entoconid. The two
anterior cusps are superficially separated by a minute,

Fig. 3 Upper cheek teeth of
Garridomys curunuquem, gen.
et sp. nov. a MOZ-PV-857,
right P4-M3; b MOZ-PV-858,
right P4-M2; c MOZ-PV-860,
right maxillary fragment with
P4-M1 and partial M2 in
ventral view

Fig. 4 Unworn and little worn lower cheek teeth of Garridomys
curunuquem, gen. et sp. nov., and terminology used to describe the
lower cheek teeth occlusal structures. a MOZ-PV-944, right m1 or m2;
b MOZ-PV-943, partial right m1 or m2; c MOZ-PV-938, right p4
(erupting)-m1. Abbreviations: ed, entoconid; hd, hypoconid; hld,
hypolophid; md, metaconid; med I, metalophulid I; med II, metal-
ophulid II; mstd, mesostylid, prd, protoconid; psd, posterolophid
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anterior notch. With wear these cusps merge to form a
complete anterolophid. The relationships of the accessory
lingual cusp with the main cusps vary among the specimens
and according to the stage of wear. In some specimens this
cusp is robust and initially isolated (Fig. 5b). In other speci-
mens the cusp has a short labial projection connected to a
small posterior projection of the metaconid, enclosing a
small anterolingual flexid (see Fig. 4c), as seen in some
specimens of Scleromys. In others, the labial projection of
the mesostylid? is longer and connected with a lingual
projection of the protoconid, forming a complete transverse
crest, which delimits a small anterofossetid (see Fig. 5c).
Some specimens have both features combined. With wear
all these elements are worn away, and the mesostylid? fuses
with the anterolophid (Fig. 5a). The occlusal structures of
the talonid are essentially as in the molars, and the entire
premolar also has a transitory S-shaped occlusal pattern.

The lower incisors are proportionally more slender than
in Scleromys, but more robust than in Prolagostomus. The
cross section is D-shaped, somewhat longer than wide. The
enameled face is slightly convex. The incisor does not pass
beneath the cheek teeth but ends beneath and internal to the
posterior margin of m3.

The mandibular diastema is high, slightly concave in
front the p4 (Fig. 6a), as in Incamys and Scleromys. The
mental foramen is large, ovoid, located relatively high
on the mandible and slightly anterior to the premolar.
The scar for the tendon of the M. masseter medialis
pars infraorbitalis is located beneath p4-m1 (Fig. 6a). It
is very shallow, markedly oblique, and entirely contin-
uous with the masseteric crest. The crest is moderately
prominent, but more developed than in all chinchillids.
A set of small vascular pits are arranged along the
anterodorsal portion of the masseteric crest and the
masseteric fossa (Fig. 6a). There is not a differentiated
lateral fossa at least at the level of m3. The anterior
margin of the base of the coronoid process is located at
the level of the middle of m3.

In the available maxillary fragments the ventral root of
the zygoma is high and antero-posteriorly short, located at
the level of the anterior portion of the P4 (Figs. 3c and 6b).
The fossa for the origin of the superficial masseter muscle
(sensu Woods and Howland 1979) is conspicuous, subcir-
cular, and well defined by a prominent anterior ridge
(Fig. 3b). There is no trace of the groove for nerve and
blood vessels on the dorsal aspect of the ventral root of the
zygoma (i.e., the floor of the infraorbital foramen) inMOZ-PV-
859 and 860, but a very shallow one is present in MOZ-PV-
958 and 861 (Fig. 6b), as in Prolagostomus. In Lagostomus
Brookes, 1828, Scleromys, Tetrastylus Ameghino, 1886, and
other dinomyids (but not in Dinomys), this groove is much
deeper and limited laterally by a high bony wall. The intra-
orbital portion of the maxillary is faintly vaulted behind the
ventral zygomatic root, nearly above the P4-M1, probably
lodging the bases of these teeth (Fig. 6b). No available spec-
imen allows for observation of other relevant features.

Relationships of Garridomys

Although Chinchilloidea has not been formally diagnosed
yet, Garridomys is herein classified as a chinchilloid by
having the following, presumably derived characters shared
with most of the taxa classified within this group:

– Hypsodont cheek teeth with appressed crests insinuat-
ing laminated lobes (rudimentary elasmodonty)

Cheek teeth of all chinchillids, dinomyids (but not
the lower crowned putative dinomyids Branisamys and
Scleromys), neoepiblemids, and heptaxodontids are
composed of laminated and almost isolated prisms. An
advanced degree of elasmodonty was attained second-
arily in the hydrochoerid cavioids, but not in other
hypsodont caviomorphs.

– Heterogeneous thickness of the enamel layer
The enamel layer is typically thicker on the leading

Fig. 5 Lower cheek teeth of
Garridomys curunuquem, gen.
et sp. nov. a MOZ-PV-920, left
p4-m3 (Holotype); b MOZ-PV-
863, right p4-m1; c MOZ-PV-
936, left p4-m1
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edges than on the trailing edges in cheek teeth of all
chinchillids and hypsodont dinomyids (not in Branisamys

and only insinuated in Scleromys). This condition is related
to the fact that laminae become very close to each other and
the interlaminar cement is extremely reduced. Thus, the
enamel layers of the leading and trailing edges are almost
in contact; keeping both layers the same width would
result in an excessively thick enamel layer. In those taxa
in which the laminae are separated by a thick interlaminar
layer of cement (as in neoepiblemids), the enamel has a
homogeneous thickness.

– P4 completely molarized
All known chinchillids, dinomyids (including

Branisamys and Scleromys), and neoepiblemids (but not
in the putative neoepiblemids Scotamys Loomis, 1914
and Perimys Ameghino, 1887) have fully molarized P4.
Basal Cavioidea sensu stricto (i.e., “eocardiids,” see
Pérez 2010) and Patagonian dasyproctids have simple,
unilobed P4, which gradually evolved during the early
Miocene to a molar-like (bilobed) tooth in some taxa
(e.g., Luantus Ameghino, 1899, Schistomys Ameghino,
1887, variable in Neoreomys Ameghino, 1887). All octo-
dontoids with normal dental replacement have simple,
non-molarized P4 (e.g., acaremyids, Sallamys
Hoffstetter and Lavocat, 1970, and its allies). Only ere-
thizontids and modern cavioids also have molarized P4.

Assuming that Garridomys is correctly located within
Chinchilloidea, it shows some characters that appear to be

Table 1 Dental measurements (mm) for Garridomys curunuquem, gen. et sp. nov. APL, anteroposterior length; TRW, transverse width

Specimen P4 M1 M2 M1 or M2 M3 P4-M3 lenght
APL TRW APL TRW APL TRW APL TRW APL TRW

MOZ-PV 857 2.72 3.14 2.74 3.20 2.92 3.16 – – 2.88 2.92 11.26

MOZ-PV 858 3.06 3.62 2.56 3.72 2.54 3.32 – – – – –

MOZ-PV 859 2.88 – 2.94 3.40 3.00 3.22 – – – – –

MOZ-PV 945 – – – – – – – 3.46 – – –

MOZ-PV 946 – – – – – – 2.90 2.46 – – –

MOZ-PV 948 – – – – – – 2.64 2.72 – – –

MOZ-PV 958 2.86 3.38 2.82 3.30 2.98 3.50 – – – – –

i1 p4 m1 m2 m1 or m2 m3 p4-m3 lenght

APL TRW APL TRW APL TRW APL TRW APL TRW APL TRW

MOZ-PV 869 – – 3.32 3.42 3.16 3.38 – – – – – – –

MOZ-PV 920 2.68 2.16 4.00 3.20 2.76 3.34 3.14 3.42 – – 3.02 2.98 12.92

MOZ-PV 921 2.46 1.88 3.70 3.22 2.98 3.26 2.76 3.76 – – 2.18 3.10 11.62

MOZ-PV 922 2.08 1.94 3.62 – 3.12 3.40 3.18 3.30 – – – – –

MOZ-PV 928 – – 3.06 3.32 2.88 3.40 3.16 3.46 – – – – –

MOZ-PV 929 – – 4.00 3.36 2.78 3.42 3.00 3.46 – – 3.06 2.84 12.84

MOZ-PV 930 – – 3.98 3.40 3.10 3.72 3.04 3.46 – – 3.04 2.86 13.16

MOZ-PV 932 – 1.98 3.92 3.22 2.92 3.70 3.00 3.44 – – – – –

MOZ-PV 936 – – 3.18 3.24 2.98 3.42 3.12 3.48 – – – – –

MOZ-PV 938 2.36 1.98 2.78 2.96 3.20 3.34 – – – – – – –

MOZ-PV 943 – – – – – – – – 2.86 – – – –

MOZ-PV 944 – – – – – – – – 2.86 2.82 – – –

Fig. 6 Garridomys curunuquem, gen. et sp. nov. a MOZ-PV-922,
right mandibular fragment in lateral view; b MOZ-PV-861, left max-
illary fragment with P4-M2 in lateral view showing the cross section of
the ventral root of the zigoma and the floor of the infraorbital foramen
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primitive for most chinchilloids (e.g., rooted cheek teeth).
However, Garridomys shares with Eoviscaccia the early
fusion of the metaloph and posteroloph in the upper molars
and the reduction of the metalophulid II in the lowers,
resulting in a three-crested occlusal design. No dino-
myid (including Branisamys) exhibits these conditions.
Such occlusal design of Garridomys, especially in mod-
erately worn cheek teeth, strongly resembles the trilami-
nar pattern of modern chinchillas, suggesting that it
could be a basal member of the Chinchillinae. On the
other hand, it lacks many presumably derived characters
shared by later diverging chinchillines and lagostomines
(e.g., ephemeral fossettes/fossetids, transversally deep
hypoflexus/id, reduced masseteric crest). Garridomys
thus appears to be a basal member of the chinchillid
radiation, and it could not be classified within chinchillines
neither lagostomines.

To test these alternative hypotheses, we performed a
cladistic analysis focused on resolving the relationships of
Garridomys with the main caviomorph groups belonging to
the Chinchilloidea clade (i.e., Chinchillidae, Dinomyidae,
and Neoepiblemidae). Among dinomyids, we selected
Dinomys and Tetrastylus as representing the Dinomyidae
crown group, and Branisamys and Scleromys, considered
as basal dinomyids (Fields 1957; Patterson and Wood 1982;
Walton 1997), since they are lower crowned and retain
occlusal structures that can be certainly compared with those
in Garridomys. Other taxa presumably belonging to
Chinchilloidea, as Perimys, cephalomyids, and heptaxodon-
tids, are not included in the analysis because it would
require a much more comprehensive systematic framework,
which is beyond the scope of the present study.

Previous studies (Huchon and Douzery 2001) proposed
that Octodontoidea is the sister group of Chinchilloidea. We
selected the early Miocene octodontoid Prospaniomys
Ameghino, 1902, as the outgroup because this is the oldest,
and probably the basal most octodontoid of which cranial,
mandibular, and dental characters are well known (Arnal
and Kramarz 2011).

The available materials of Garridomys are maxillary
and mandible fragments with dentition and isolated
teeth. These elements provide very few characters other
than dental ones to analyze the phylogenetic relation-
ships within a cladistic framework. Moreover, most of
the dental characters cannot be compared with those of
other probably related caviomorphs because the homol-
ogies of many occlusal structures of the euhypsodont
chinchilloids are still unclear. Accordingly, our cladistic
analyses using strictly those characters that can be
scored in Garridomys have failed in determining un-
equivocally the position of this taxon. Therefore, we
included cranial and mandibular characters that could
not be scored in Garridomys, mostly modified from

previous studies dealing with chinchilloids systematics:
Fields (1957: 322–323), Patterson and Wood (1982:
table 7), Kramarz (2001a: table 4), and Rinderknecht
et al. (2011). Some of the characters from these biblio-
graphic sources were not included, because they did not
show significant variations among the analyzed taxa,
they could not be scored in the majority of the analyzed
taxa, and/or they could not be defined by unambiguous
character states.

The resulting data matrix contains 39 characters scored in
12 ingroup taxa (online Appendixes 1, 2 and 3). An equally
weighted parsimony analysis was conducted using NONA 2.0
(Goloboff 1993), performing a heuristic search of 100Wagner
tree replicates followed by TBR. The analysis produced three
most parsimonious trees of 79 steps. The strict consensus tree
is shown in Fig. 7a. All the obtained trees showGarridomys as
the sister group of the clade including all extant and fossil
chinchillids. This position is supported in all trees by three
unambiguous synapomorphies: hypoflexus/id penetrating
more than halfway across the crown [character 3(1)], presence
of cement [character 5(1)] (convergent in Neoepiblema
Ameghino, 1889, and late diverging dinomyids), and enamel
on leading edges thicker than on trailing edges [character 8(1)]
(convergent in late diverging dinomyids). Within the
Chinchillidae clade, Chinchilla Bennett, 1829, and Lagidium
Meyen, 1833, cluster in all the obtained trees, supporting the
monophyly of Chinchillinae, but the taxa traditionally includ-
ed within Lagostominae (i.e., Eoviscaccia, Prolagostomus,
and Lagostomus) appear in three alternative, equally parsimo-
nious arrangements: the three grouped as the monophyletic
sister group of the Chinchillinae clade (Fig. 7b), only
Prolagostomus and Lagostomus grouped (Eoviscaccia ex-
cluded) (Fig. 7c.), and the three as successive stems of
Chinchillinae (Fig. 7d).

Beside the affinities of Garridomys with the chinchillids,
the relationships of the remaining chinchilloids here ana-
lyzed deserve some comments. Our results support the
claimed affinities of Scleromys osbornianus and
“Scleromys” shurmanni Stehlin, 1940, with the late diverg-
ing dinomyids. However, in all the obtained trees
Neoepiblema is nested within the Dinomyidae clade as the
sister group of the late diverging dinomyids Dinomys and
Tetrastylus. Although this previously unexpected position of
Neoepiblema probably could be the consequence of the
large amount of missing data in this taxa (all the mandibular
characters and many dental characters are unknown), the
affinities of the neoepiblemids with the dinomyids rather
than with chinchillids is essentially in accordance with the
proposal by Sánchez-Villagra et al. (2003) based on post-
cranial characters combined with molecular data.
Concerning Branisamys, our results do not support its dino-
myid affinities alleged by previous studies (Fields 1957;
Patterson and Wood 1982).
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Cheek Teeth Evolution in Chinchillidae. Alternative
Evolutionary Pathways and Occlusal Homologies

Chinchillines chinchillids are characterized by having trilami-
nar cheek teeth [character 4(2)]. Lagostomines instead have
typically bilaminar cheek teeth [character 4(3)], except M3.
Even though Eoviscaccia has a complex occlusal pattern
during very juvenile stages, with wear the cheek teeth become
bilaminar, markedly simplified. A similar process occurs in
Prolagostomus (Vucetich 1984). These facts led Vucetich
(1989) and Vucetich and Verzi (1993) to interpret that
Eoviscaccia is more closely related to lagostomines than to
chinchillines, and that the loss of some occlusal struc-
tures (by reduction or fusion with others) is irreversible
once euhypsodonty is achieved because of ontogenetic restric-
tions associated with hypsodonty. Therefore, a trilaminar
pattern cannot be derived from a euhypsodont bilaminar one.

According to the results of the cladistic analysis pre-
sented above, Garridomys, with protohypsodont [character

1(1)] three-crested pattern [character 4(2)], is the closest
sister group of all taxa previously classified within
Chinchillidae. Thus, all chinchillids would have diverged
from a hypothetical ancestor with non-euhypsodont cheek
teeth in which three transverse occlusal elements remained
independent during ontogeny, and would potentially have
evolved into transverse laminae. Nevertheless, our analysis
did not resolve entirely the relationships among the studied
chinchillids, providing three alternative hypotheses of the
sequences of cheek teeth evolution.

In the hypothesis represented by the cladogram shown in
Fig. 7b, the bilaminar pattern [character 4(3)] typifying the
lagostomines is the derived condition within Chinchillidae,
and supports the monophyly of Lagostominae (including
Eoviscaccia). The homologies of this bilaminar pattern can
be deduced analyzing the dental ontogenetic transforma-
tions in Eoviscaccia. In the upper cheek teeth, the anterior
lamina derives from the protocone-anteroloph crest; the
posterior lamina derives from the hypocone-protoloph crest

Fig. 7 Phylogenetic relationships of Garridomys curunuquem, gen. et
sp. nov., with selected chinchilloid rodents. a strict consensus from
three most parsimonious trees (length 0 79, ci 0 58, ri 0 67) generated
by an exhaustive search in NONA (Goloboff 1993) employing 39
dental, cranial, and mandibular characters (online Appendix 1) coded

for 12 chinchilloid genera (using Prospaniomys as the outgroup). Data
matrix is shown in online Appendix 2; b–d details of the three most
parsimonious trees showing the alternative hypotheses of chinchillid
phylogeny. Characters indicated with black circles are synapomor-
phies; characters indicated with white circles indicate homoplasies
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prematurely merged with the metacone and related struc-
tures (the metacone-metaloph-posteroloph complex). In the
lower cheek teeth, the posterior lamina belongs to the
hypoconid-posterolophid crest; the anterior derives from a
combined protoconid-hypolophid crest fused early with the
metaconid-metalophulid complex. The compressed valley
separating the laminae is not derived from the confluent
hypoflexus-paraflexus/hypoflexid-metaflexid, but from an
extremely extended hypoflexus/hypoflexid. Based on the
evolutionary context represented in Fig. 7b, the homologies
of the laminae in Eoviscaccia are very likely as in the
euhypsodont lagostomines. Eoviscaccia boliviana and E.
australis document a gradual transition from a protohypso-
dont to an almost euhypsodont bilaminar pattern (Kramarz
2001b). In Prolagostomus the latter pattern is definitively
consolidated, but still retained a somewhat complex occlusal
design during very juvenile stages. Lagostomus represents
the extreme expression of this gradient, in which the occlu-
sal surface of the cheek teeth is entirely simplified, even
when unworn.

The homologies of the three laminae of the chinchillines
cheek teeth cannot be deduced by comparisons with more
basal chinchillines, because the paleontological record of
the chinchillines is extremely poor and the cheek teeth of
the oldest known chinchillas (i.e., from the early Miocene
Chucal Formation, northern Chile, Flynn et al. 2002) are
essentially as in the extant species. Nevertheless, in this

evolutionary context the chinchilline occlusal pattern is the
plesiomorphic condition directly derived from that of
Garridomys (Fig. 8a). Therefore, the additional laminae of
chinchillines cheek teeth would be homologous to the
metacone-metaloph-posteroloph complex in the upper teeth
and to the metaconid-metalophulid complex in the lower
teeth of Garridomys. The lagostomines would have ac-
quired the euhypsodont condition independently from chin-
chillines and after the reduction of one of the ancestral
crests, as schematized in Fig. 8a.

This evolutionary scenario agrees with that proposed by
Vucetich and Verzi (1993), and implies that lagostomines
and chinchillines would have diverged very early in the
evolution of the group. The gradual occlusal simplification
associated with increasing hypsodonty inferred in lagosto-
mines parallels that documented in early-middle Miocene
cavioids (Kramarz 2006a; Pérez and Vucetich 2011). The
persistence and rearrangement of ancestral occlusal struc-
tures associated with increasing hypsodonty interpreted in
chinchillines is also recognized in middle-late Miocene
dinomyids (Kramarz 2006b; Nasif 2011). This general evo-
lutionary dental pathway strongly resembles the one known
for the late Miocene Octodontidae evolution (Verzi et al.
2011 and literature therein).

Other alternative evolutionary scenarios seem to be less
likely to us. In the one represented by the cladogram of
Fig. 7d, the trilaminar pattern of chinchillines is the

Fig. 8 Schematic trees comparing alternative hypotheses of hypso-
donty and occlusal pattern evolution in chinchillids cheek teeth based
on the three most parsimonious trees obtained in the cladistic analysis.

a based on cladogram of Fig. 7b; b based on cladogram of Fig. 7c with
Deltran optimization; c based on cladogram of Fig. 7d. Black lines
represent protohypsodonty; grey lines represent euhypsodonty
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apomorphic condition derived from a lagostomine-like,
euhypsodont bilaminar one, as schematized in Fig. 8c. It
implies the addition of a new lamina or simple partition of a
pre-existing one in a hypothetical chinchilline ancestor with
euhypsodont cheek teeth. The concerned process clearly
opposes the ontogenetic restrictions proposed by Vucetich
and Verzi (1993). However, the development of new struc-
tures in euhypsodont intermediate elements (i.e., M1/m1
and M2/m2) was recently demonstrated as occurring in
fossil capybaras (Vucetich et al. 2005b), and thus it could
be accepted as possible in chinchillids. This alternative
evolutionary scenario implies a single acquisition of euhyp-
sodonty among chinchillids, and that the additional lamina
of chinchillines is not homologous to any of the three
ancestral crests of Garridomys (see Fig. 8c). This hypothesis
is as parsimonious as the former, although the involved
process is apparently an infrequent phenomenon among
caviomorphs, and the intermediate stages (i.e., between
euhypsodont bilaminar and trilaminar cheek teeth) are still
not documented.

In the third most parsimonious phylogenetic hypothesis
(Fig. 7c), the optimization of the number of crests (character 4)
is ambiguous. According to Acctran optimization, the trilaminar
pattern derived from the plesiomorphic bilaminar one, as in the
second hypothesis. With Deltran optimization, the euhypso-
dont bilaminar pattern in Lagostomus and Prolagostomus is
derived from a euhypsodont trilaminar one, whereas in
Eoviscaccia the protohypsodont bilaminar pattern derives
from a protohypsodont trilaminar one, as schematized in
Fig. 8b. Therefore, the homologies of these laminae in
Lagostomus and Prolagostomus cannot be interpreted from
Eoviscaccia. This scenario is incompatible with the tight
morphological gradient represented by Eoviscaccia–
Prolagostomus and Lagostomus. Alternatively, Eoviscaccia
would be derived from an ancestor with euhypsodont bilami-
nar cheek teeth. Nevertheless, this hypothesis is less parsimo-
nious than the former ones, and it would imply a reversion
from a euhypsodont to a protohypsodont condition, which is
an improbable phenomenon, not documented among
caviomorphs.

Concluding Remarks

The new genus and species Garridomys curunuquem
here described is a small rodent with protohypsodont
cheek teeth with rudimentary laminated lobes, heteroge-
neous thickness of the enamel layer, and P4 fully molar-
ized. These characters are shared with most of the
known chinchilloids, supporting the inclusion of the
new taxon in this superfamily.

The cladistic analysis based on dental, cranial, and man-
dibular characters suggests that Garridomys represents the

earliest diverging chinchilloid within the clade including
modern chinchillas and viscachas and the fossil taxa
previously referred to Chinchillidae. All chinchillids
would have diverged from a Garridomys-like ancestor
with three crested, protohypsodont cheek teeth.
Additionally, the results provide three equally parsimo-
nious evolutionary hypotheses of Chinchillidae evolu-
tion, all supporting the monophyly of Chinchillinae,
but only one of them supporting the monophyly of
Lagostominae as currently conceived (i.e., Lagostomus,
Prolagostomus, and Eoviscaccia). Under this hypothesis,
the chinchillines cheek teeth would have evolved from
the ancestral condition represented by Garridomys di-
rectly to a typical euhypsodont trilaminar pattern,
whereas lagostomines would have evolved to a more
simplified bilaminar one, as interpreted from ontogenetic
variations in Eoviscaccia (Vucetich 1989). This scenario
is here considered as more likely because it agrees with
evolutionary patterns documented in other groups of
hypsodont caviomorphs. Alternative hypotheses (i.e.,
chinchillines deriving from a lagostomine-like ancestor
or vice versa) are herein considered as less probable,
although they should be explored with further evidence.

No chinchilloid is yet known for the Eocene Contamana
fauna (Perú, Antoine et al. 2011) and the late Eocene?-
Oligocene Santa Rosa fauna (Frailey and Campbell 2004),
although the affinities of Eobranisamys Frailey and
Campbell, 2004, should be revised. Similarly, only a partial
cheek tooth of a putative chinchilloid is known from the
early Oligocene La Cantera fauna (Vucetich et al. 2010).
Interesting, Eoviscaccia, here interpreted as a lagostomine,
occurs in Tinguirirican, Deseadan, and Colhuehuapian
levels (Vucetich 1989; Kramarz 2001b; Flynn et al. 2003;
Vucetich et al. 2010; Bertrand et al. 2012). These records
reveal that chinchillines and lagostomines, if they are cor-
rectly interpreted as natural groups, would have diverged in
pre-Tinguirirican times. Accordingly, the Garridomys and
the dinomyid lineages would have diverged even earlier,
probably in pre-Oligocene times, although this main chinchil-
loid radiation is still very scarcely documented in pre-
Deseadan faunas.
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