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Caviidae is one of the groups of rodents with the greatest ecomorphological disparity, and with currently three known
lineages: Caviinae (cuises), Dolichotinae (maras), and Hydrochoerinae (capybaras). Caviinae include small caviids
represented by three extant genera (Microcavia, Cavia, and Galea) and three fossils forms (Dolicavia, Palaeocavia, and
Neocavia). In Argentina, the fossil record of Caviinae is continuous and abundant since the late Miocene. Neocavia,
specifically, is represented by different species recorded in the late Miocene—Pliocene. Here, we describe a new species
of Neocavia from the late Miocene—early Pliocene of the Cerro Azul Formation (La Pampa Province, Argentina), and
provide a re-description of already known species (Neocavia lozanoi and “Neocavia depressidens”). Also, we perform
a more comprehensive review of the genus and include the Neocavia species in a phylogenetic context within Caviinae.
We analyze the main patterns of the evolution of the tympanic bullae within Caviidae, and infer about a possible occa-
sional fossorial habit of Neocavia. The morphological and phylogenetic analyses indicate that Neocavia is more closely
related to Dolicavia and Microcavia than to the other Caviinae, and confirm the monophyly of the genus, with at least two
clearly differentiable species. Since this study cannot confirm the systematic position and validity of “N. depressidens”,
we suggest not to use this taxon as a biostratigraphic indicator.
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Introduction

Caviidae is one of the most striking groups of South
American hystricognath rodents in terms of ecomorpholog-
ical disparity (Mares and Ojeda 1982; Wood 1985; Vucetich
and Verzi 1995; Dunnum 2015), and is currently represented
by three main lineages: Dolichotinae (maras), Caviinae (cui-
ses), and Hydrochoerinae (capybaras; Rowe and Honeycutt
2002; Vucetich et al. 2011; Pérez and Pol 2012; Dunnum
2015; Alvarez et al. 2017). The oldest reports of this family
correspond to the late middle to early late Miocene (Mayoan
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South American Land Mammal Age, SALMA) of Patagonia
(Mucetich and Pérez 2011), but its fossil record is continuous
and abundant since the late middle Miocene (Fields 1957;
Ubilla and Rinderknecht 2003; Pérez and Vucetich 2011;
Pérez and Pol 2012; Vucetich et al. 2015; Pérez et al. 2018).
Caviinae are currently represented by 15 species and
several subspecies gathered in three genera (Galea, Cavia,
and Microcavia), with very different cranial and dental mor-
phologies (Dunnum 2015). Members of this subfamily are
distributed throughout most of South America; from humid
lowlands to arid highlands, primarily associated with grass-
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Fig. 1. A. Location map indicating the geographic distribution of Neocavia
localities in Argentina. B. Encalilla and Andalhuala localities, Santa Maria
Valley, Tucuman, and Catamarca provinces, respectively. C. Caleufu local-
ity, La Pampa Province. D. Farola Monte Hermoso locality, Buenos Aires
Province.

lands, and they can also inhabit forest edges, rocky scrub
areas, and swamplands (Mares and Ojeda 1982; Woods and
Kilpatrick 2005; Dunnum 2015). They are terrestrial, diur-
nal herbivores, and their size ranges from 200 g (Microcavia
and Galea) to 1200 g (Cavia), thus being the smallest spe-
cies within the Caviidae family (Dunnum 2015). In addition
to their current diversity, these genera are also represented
in the fossil record of South America, particularly in the late
Cenozoic of Argentina.

Microcavia includes four extinct species (M. chapalmal-
ensis, M. reigi, M. robusta, and M. criolloensis) and it is
abundant since the Pliocene. Isolated molars found in the
Aconquija Formation (Catamarca Province), assigned to the
late Miocene—early Pliocene, possibly represent the oldest
record of this genus (Quintana 1996; Ubilla et al. 1999; Nasif
et al. 2007). The oldest record of Cavia (C. cabrerai) was
found in the Andalhuala Formation (Catamarca Province),
in levels corresponding to the early Pliocene (Candela and
Bonini 2017). Other species of Cavia (C. galileloi, C. vates,
C. lamingae, and C. tschudii) were documented for the
Pleistocene and Holocene of Argentina and Brazil (Ortiz
2003; Verzi and Quintana 2005; Hadler et al. 2008), while
Cavia sp. was mentioned for the Pleistocene of Uruguay
(Ubilla and Alberdi 1990; Ubilla et al. 2009). The fossil re-
cord of Galea is scarce and based mainly on fragmentary re-
mains. Galea orthodonta is the oldest record and was found
in the late Pleistocene of Uruguay and the Pleistocene of
Bolivia (Ubilla and Rinderknecht 2001, 2014). Remains of G.
leucoblephara were found in the late Holocene of La Pampa
Province, Argentina (Montalvo et al. 2017). Other specimens
of G. leucoblephara, reported as G. tixiensis sensu Quintana
(2001), were recovered in Holocene deposits of Buenos Aires
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Province, Argentina (Teta and Campo 2017). Specimens re-
ferred as G. musteloides were found in micromammal as-
semblages accumulated by owls from the late Pleistocene—
Holocene of northwestern Argentina (Ortiz and Pardifias
2001; Ortiz and Jayat 2007; Sampietro Vattuone et al. 2016).

The extinct genera Palaeocavia, Neocavia, and Dolicavia
were recorded in the late Miocene and Pliocene, mainly in
central and northern Argentina (Kraglievich 1932; Quintana
1997; Montalvo and Rocha 2003; Tomassini and Montalvo
2013; Montalvo et al. 2016). Palaeocavia is the most di-
verse genus, with the widest geographical and temporal
distribution; it was found in central and northern Argentina
from the late Miocene to the late Pliocene (Ameghino 1908;
Tomassini and Montalvo 2013; Cruz et al. 2017; Madozzo-
Jaén 2017; Madozzo-Jaén and Pérez 2017). Dolicavia minus-
cula is the only species of this genus, known from numerous
and well-preserved remains, and its distribution is restricted
to the late Pliocene of Buenos Aires Province, Argentina
(Quintana 1997). Neocavia is represented by two species
recorded in Argentina: N. lozanoi (Kraglievich 1932) from
Catamarca Province, and N. depressidens (Parodi and
Kraglievich 1948) from Buenos Aires Province (Fig. 1).

Neocavia lozanoi is represented only by the holotype,
which consists of associated skull and mandible (Kraglievich
1932, 1948), recovered from the “Araucanense” (levels
without accurate stratigraphic, which encompass the en-
tire stratigraphic column of Chiquimil and Andalhuala for-
mations, late Miocene—early Pliocene; Bossi and Muruaga
2009) of Andalhuala locality, Santa Maria Valley (Fig. 1A).
Additional cranial specimens from the Cerro Azul For-
mation (late Miocene—early Pliocene) of Caleufl locality,
La Pampa Province (Fig. 1B), were assigned to Neocavia cf.
N. lozanoi (Montalvo and Rocha 2003). Neocavia depres-
sidens is also known only by the holotype, a currently lost
hemimandible (see Montalvo and Rocha 2003), from the
Monte Hermoso Formation (early Pliocene) of Farola Monte
Hermoso locality (Fig. 1C). The original illustration and
description by Parodi and Kraglievich (1948) does not allow
precise comparisons with other specimens, due to the lack
of details. This taxon has been used to define the “Biozone
of Neocavia depressidens” (early Pliocene) at the Pampean
Region of Argentina (Cione and Tonni 1995, 2005; but see
Tomassini et al. 2013), assigning a relevant biostratigraphic
value to this species. Additionally, a hemimandible assigned
to Neocavia sp. was also recorded in the Monte Hermoso
Formation; according to Tomassini (2012: 90), this material
displays differences compared to the other members of this
genus, but detailed descriptions were not provided.

In this context, the aim of this work is to revise the ge-
nus Neocavia, and describe a new species based on abun-
dant specimens from the Cerro Azul Formation (La Pampa
Province). In addition, we test the phylogenetic affinities of
Neocavia within Caviinae, and the validity of N. depressidens
as a biostratigraphic indicator. The evolutionary implications
of the large tympanic bullae of Caviidae are also discussed.
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Fig. 2. Measurements used in the comparative analysis A. Skull of Microcavia australis, Recent. B. Third left upper molar (M3) C. First right lower pre-
molar (p4; anterior to left). Abbreviations: Cranial measurements: APB, anteromedial-posterorlateral length of tympanic bullae; APL, length of premaxil-
lary-maxillary suture to anterior border of foramen magnum; BO, width of the anterior half of the basioccipital; BP, anteroposterior length of the posterior
part of the diastema; IF, length of incisive foramina; MXL, length from the premaxillary-maxillary suture to the posterior portion of the M3 projection;
UDL, upper diastema length from alveolar posterior margin of incisor to alveolar anterior margin of P4; WBc, width of basicranial. Dental measurements:
LAP, anteroposterior length of molariforms; LLA, anteroposterior length of anterior lobe of molariforms; LPL, anteroposterior length of posterior lobe
of molariforms; PLE, posterolabial extension of anterior lobes; WAL, mediolateral length of anterior lobe of molariforms; WPL, mediolateral length of

posterior lobe of molariforms.

Institutional abbreviations.—GHUNLPam, Facultad de
Ciencias Exactas y Naturales, Universidad Nacional de
La Pampa, Santa Rosa, La Pampa Province, Argentina;
MACN-Ma, Museo Argentino de Ciencias Naturales “Ber-
nardino Rivadavia”, Coleccion Nacional de Mastozoologia,
Ciudad Auténoma de Buenos Aires, Buenos Aires Province,
Argentina; MACN-Pv, Museo Argentino de Ciencias Natu-
rales Bernardino Rivadavia, Coleccion Paleontologia de
Vertebrados, Ciudad Auténoma de Buenos Aires, Buenos
Aires Province, Argentina; MD-FM, Museo Municipal de
Ciencias Naturales “Carlos Darwin”, Punta Alta, Buenos
Aires Province, Argentina; MLP, Museo de La Plata, La
Plata, Buenos Aires Province, Argentina; PVL, Coleccién
Paleontologia de Vertebrados Lillo, San Miguel de Tucuman,
Tucuman Province, Argentina.

Other abbreviations.—APB, anteromedial-posterorlateral
length of tympanic bullae; APL, length of premaxillary-

maxillary suture to anterior border of foramen magnum;
Bo, basioccipital; df, dorsal fossa; Fit, infratympanic fenes-
tra; Hf/hf, hypoflexus/ hypoflexid; h.p.i., primary internal
flex; H.S.E., external secondary flex; mae, external auditory
meatus; Mx, maxillary; nMpi, masseter medialis pars infra-
orbitalis muscle; Oc, occipital condyle; Pet, epitympanic of
petrous; Pmp, mastoid of petrous; Pt, palatine; rMx, ridge of
maxillary.

Material and methods

Measurements were taken with a 0.01 mm resolution digital
caliper. To calculate the size between lobules, the difference
of the length to width ratio index between the anterior and
posterior lobe of the first lower molar (m1) was graphed. The
size of the tympanic bullae was compared based on the rela-
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tionship between the length from the premaxillary-maxillary
suture to the anterior point of the foramen magnum (APL),
and the anteromedial-posterolateral length of the tympanic
bulla (APB). We follow standard convention in abbreviating
tooth families as I, P, and M, with upper and lower case let-
ters referring to upper and lower teeth, respectively. Figure 2
shows terminology for description.

Anatomical and dental nomenclature.—The cranial nomen-
clature follows that of Cherem and Ferigolo (2012); the man-
dibular nomenclature follows that of Woods and Howland
(1979) and Pérez (2010a, b); and the dental nomenclature
follows Pérez (2010a).

Phylogenetic analysis.—To test the affinities between the
different species of Neocavia, within Caviidae, a cladistic
analysis was performed using a modified version of the com-
bined dataset of Pérez et al. (2018). Cavia cabrerai (Candela
and Bonini 2017), C. porcellus, and three species of Neocavia
and Neocavia sp., as well as eight new morphological char-
acters were added to the dataset. The combined matrix (see
SOM 2, Supplementary Online Material available at http:/
app.pan.pl/SOM/app63-Madozzo_etal SOM.pdf) resulted
in 65 taxa, 140 morphological characters, and 4014 charac-
ters from DNA sequences (see SOM 1). The equally weighted
parsimony analysis was conducted using TNT 1.1 (Goloboff
and Catalano 2016), performing a heuristic search of 1000
Wagner tree replicates, followed by TBR branch swapping,
collapsing zero-length branches under the strictest criterion.
Unstable taxa were detected with the Pruned option in TNT,
by calculating the pruned consensus. Support values were
calculated using bootstrap and jackknife.

Systematic palaeontology

Rodentia Bowdich, 1821
Hystricognathi Tullberg, 1899
Cavioidea Fischer de Waldheim, 1817
Caviidae Fischer de Waldheim, 1817
Caviinae Fischer de Waldheim, 1817
Genus Neocavia Kraglievich, 1932

Type species: Neocavia lozanoi Kraglievich, 1932; Andalhuala locality,
Santa Maria Valley, Catamarca Province, Argentina, “Araucanense”
(late Miocene—early Pliocene).

Emended diagnosis.—Cavioid diagnosed by the following
unique combination of characters (synapomorphies marked
with an asterisk): dental series anteriorly convergent; eu-
hypsodont and double heart-shaped molariforms; presence
of a constriction in the apex of each lobe; dentine crest in
the middle of occlusal surface in each lobe; external second-
ary flex and primary internal flex present; hypoflexus/id
funnel-shaped; cement present; enamel continuous around
the entire crown, interrupted on the labial side in upper
molariforms, and on the lingual side in lower molariforms,
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except in flexus/ids. *Molariforms posteriorly increase in
size, differing from Microcavia, Cavia, Dolicavia, and
Palaeocavia. The anterior lobe of the upper molariforms is
anteroposteriorly smaller than the posterior lobe, and *has a
round posterolabial extension that reaches the anterior mar-
gin of the posterior lobe, as in Microcavia and Dolicavia.
Anterior lobe of lower premolars with absent, *incipient, or
developed anterior projection. Presence of a groove for the
passage of the infraorbital nerve in the maxilla, with its *lat-
eral ridge less developed dorsoventrally than in Microcavia,
Cavia, and Dolicavia. Palatine more dorsally located than
the maxilla, forming a ridge in the palate, as in Microcavia
and Dolicavia. The notch for the insertion of the tendon
of the masseter medialis pars infraorbitalis muscle has a
lateral ridge attached to a well-developed horizontal crest,
as in other caviids; the mylohyoid crest is present; and the
*lower incisor extends up to the level of the anterior lobe of
the first molar.

Stratigraphic and geographic range.—Late Miocene—early
Pliocene of Argentina: Andalhuala Formation, “Arauca-
nense”, Santa Maria Valley in Andalhuala locality, Cata-
marca Province and Encalilla locality, Tucuman Province;
Cerro Azul Formation, Caleufu locality, Rancul Department,
La Pampa Province. Early Pliocene of Argentina: Monte
Hermoso Formation, Farola Monte Hermoso locality, Bue-
nos Aires Province (Marshall and Patterson 1981; Strecker
et al. 1989; Montalvo and Rocha 2003; Verzi et al. 2008;
Tomassini et al. 2013 and references therein).

Neocavia lozanoi Kraglievich, 1932
Figs. 3, 4A, 5A, B, F.

Holotype: MACN-Pv 8400, skull with left P4-M3 and right P4-M2,
right mandibular fragment with incisor, p4—m2 and m3 broken (Figs. 3,
4A, 5B).

Type locality: Andalhuala locality, Santa Maria Valley, Catamarca Pro-
vince, Argentina.

Type horizon: “Araucanense” (late Miocene—early Pliocene).

Material—PVL 7057, maxillary fragment with left and
right P4-M2 (Figs. 3B, 5A) from Andalhuala Formation (late
Miocene—early Pliocene) of Encalilla locality, Santa Maria
Valley, Tucuman Province, Argentina (Fig. 1A); MACN-Pv
8415, left mandibular fragment with p4-m2 (Figs. 3C, 5B,)
from the type locality.

Emended diagnosis.—The adults individuals of Neocavia
lozanoi are characterized by a unique combination of char-
acters: the primary internal flex is narrower than that of the
N. pampeana sp. nov., and deeper than in N. depressidens;
the anteroposterior length of the anterior and posterior lobes
of the lower molariforms is similar, differing from the N.
pampeana sp. nov., in which the posterior lobe is smaller
than the anterior lobe. The posterior border of the upper di-
astema is vertical, as in Microcavia australis and Dolicavia
minuscula; the tympanic bulla is larger than in M. australis,
Dolicavia, G. musteloides, and Cavia aperea; the parietal
and occipital regions are strongly convex; the external au-
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Fig. 3. Caviid rodent Neocavia lozanoi Kraglievich, 1932 from the late Miocene—early Pliocene of northwest Argentina, Andalhuala Formation,
“Araucanense”: Andalhuala locality, Santa Maria Valley, Catamarca Province, Argentina (A, C) and Encalilla locality, Santa Maria Valley, Tucuméan
Province (B). A. MACN-Pv 8400, skull with left P4-M3 and right P4-M2 (A;—A,), right mandibular fragment with incisor p4A—m2, and m3 broken (As—A7).
B. PVL 7057, maxillary fragment with left and right PA-M2. C. MACN-Pv 8415, left mandibular fragment with p4-m2. In dorsal (A,), ventral (A,, By),
lateral (Az, A4, B,), labial (As, Cy), lingual (Ag, C,), and occlusal (A;, C3) views. Abbreviations: nMpi, notch for the insertion of the tendon of the masseter

medialis pars infraorbitalis muscle. Scale bars 5 mm.

ditory meatus is more ventral respect to the occlusal dental
series, as in M. australis and Dolicavia.

Description.—Skull: The skull is only known from the holo-
type, but a maxillary fragment is also assigned herein (PVL
7057; Fig. 3A1—A,, B). The skull is poorly preserved, lacking
the most anterior part of the rostrum and the zygomatic arch
(Kraglievich 1932, 1948). It is similar in size to M. australis
and smaller than in Dolicavia.

In dorsal view (Fig. 3A,), the posterior portion of the na-
sal, the anterior portion of the frontal, a small fragment of
the left parietal, and the endocast are partially conserved.
The interorbital width (narrower width of the right frontal
in the orbit) is narrower than the braincase, a condition
that resembles that of other caviines (e.g., C. aperea, M.
australis, Dolicavia), and contrasts with the condition of
Dolichotinae and Hydrochoerinae. The preserved portion
of the endocast at the level of the parietals is posterodor-
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Fig. 4. Mandibles of the caviid rodent Neocavia from the Neogene of Argentina. A. Neocavia lozanoi Kraglievich, 1932 from the *“Araucanense”, late
Miocene—early Pliocene, Andalhuala locality, Santa Maria Valley, Catamarca Province. MACN-Pv 8400, mandible in lateral view (from Kraglievich
1948). B. Neocavia sp. from the lower levels of the Monte Hermoso Formation, Montehermosan Stage/Age, early Pliocene, Farola Monte Hermoso
locality, Buenos Aires Province. MD-FM-17-01, mandible fragment in labial (B;), lingual (B,), and occlusal (Bs; B,, explanatory drawing) views.
C. “Neocavia despressidens” Parodi and Kraglievich, 1948 from upper? levels the Monte Hermoso Formation, early Pliocene, Farola Monte Hermoso
locality, Buenos Aires Province. MLP 46-V-13-53, mandible in lateral view and molariform series in occlusal view (from Parodi and Kraglievich 1948).
Abbreviations: ap, alveolar protuberances; chin, mandibular symphysis; ias, incisive alveolar sheath; nMpi, notch for the insertion of the tendon of the

masseter medialis pars infraorbitalis muscle.

sally convex, similar to M. australis and Dolicavia, but
the parietal-occipital suture and the temporal fossa are not
differentiated.

In ventral view (Fig. 3A,, B,), the posterior margin of the
incisive foramina is wide, as in M. australis and Dolicavia.
On the posterior wall of the diastema, the suture between
both maxillae forms a small bulge, similar to that of M. aus-
tralis and Dolicavia; and the anterior ventral root of the zy-
gomatic arch begins anteriorly to P4 (Fig. 3A,—Ay, By). The
Pt is more dorsal than the Mx, forming a ridge in the palate,
resembling M. australis and Dolicavia, and contrasting with
C. aperea and G. musteloides, in which the Mx and Pt are at
the same level in the palate.

The braincase is severely broken, but the basioccipital,
occipital condyle, and part of the tympanic bullae are rela-
tively partly preserved. The Bo has a small medial crest as
in M. australis, C. aperea, and G. musteloides, but differs
from the condition of Dolicavia in that it has a medial con-
cavity. The Oc is elongated and anteromedially-posterolat-
erally oblique; the cast of the foramen magnum is preserved
(Fig. 3A,).

In lateral view (Fig. 3A;, A4, B,), the posterior border of
the upper diastema is vertically oriented, as in M. australis
and Dolicavia. The length of the posterior border is shorter
than in C. aperea and G. musteloides, and longer than in
M. australis and Dolicavia. The maxilla has a groove for
the passage of the infraorbital nerve and artery, and the
rMx is dorsoventrally shorter than in other caviines (e.g.,
C. aperea, M. australis, Dolicavia). At the level of the first
molar, the specimen PVL 7057 has a small alveolar foramen
with an oval section that is posteriorly open (Fig. 3B,).

The tympanic bullae are ovoid and strikingly prominent
(Fig. 3A,—A,). The anteromedial-posterorlateral length of
tympanic bullae (APB) is proportionally larger than that

of the other Caviidae, and probably all Cavioidea (Fig. 2A;
Table 1). The length of the APB is approximately 50% of
the length from the length of premaxillary-maxillary su-
ture to anterior border of foramen magnum (APL), as in
Microcavia and Dolicavia, whereas in Galea these pro-
portions are slightly smaller. In C. aperea the APB/APL
proportion is even smaller, as in Kerodon and Dolichotinae.
Furthermore, in the more derived Hydrochoerinae (e.g.,
Hydrochoerus hydrochaeris and Phugatherium novum) this
ratio is the smallest among Caviidae (Fig. 6A; Table 1).

In lateral view, the shape of the epitympanic portion of
the epitympanic of petrous seems to be anteroposteriorly
shorter and more dorsoventrally developed than in M. aus-
tralis, resembling C. aperea. The external auditory meatus
(mae) is detected by a concavity in the center of the tympanic
bulla, and is more ventral than the level of the dental series.
The position of mae respect to the dental series resembles

Table 1. Relative size (in mm) of tympanic bullae. Relationship be-
tween the mean of premaxillary-maxillary suture until anterior point of
magnum foramen length (APB) and the mean of anteromedial-postero-
lateral length of the tympanic bulla (APL) in Caviidae.

Neocavia lozanoi 50.53
Microcavia australis 40.01
Microcavia chapalmalensis 39.91
Dolicavia minuscula 37.78
Galea musteloides 37.23
Galea spixii 37.26
Cavia aperea 28.54
Orthomyctera chapadmalense 26.32
Dolichotis patagonum 29.95
Dolichotis salinicola 31.26
Kerodon rupestris 30.55
Hydrochoerus hydrochaeris 17.25
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Fig. 5. Caviid rodent Neocavia from the Neogene of Argentina; upper (A, B;, C-E) and lower (B,, F-J) molariforms in occlusal views. A, B, F. Neocavia
lozanoi Kraglievich, 1932 from Andalhuala Formation, late Miocene—early Pliocene, Encalilla locality, Santa Maria Valley, Tucuméan Province (A) and
“Araucanense”, Andalhuala locality, Santa Maria Valley, Catamarca Province (B, F). A. PVL 7057, right P4-M2; photograph (A;) and explanatory
drawing (A,). B. MACN-Pv 8400 (reflected), right PA-M3 (B,) and right p4—m2 (B,). F. MACN-Pv 8415, left p4-m2. C-E, G-I. Neocavia pampeana
sp. nov. from Cerro Azul Formation, late Miocene—early Pliocene, Caleufu locality, La Pampa Province. C. GHUNLPam 21351 (reflected), left P4-M3.
D. GHUNLPam 21854, rigth P4-M3. E. GHUNLPam 21286, rigth DP4/P4-M3. G. GHUNLPam 19582, left p4-m2. H. GHUNLPam 19559, left p4-m3.
. GHUNLPam 21288, rigth p4-m2. J. Neocavia sp. from the lower levels of the Monte Hermoso Formation, Montehermosan Stage/Age, early Pliocene,
Farola Monte Hermoso locality, Buenos Aires Province, MD-FM-17-01, left pA-m1 and posterior lobe of m2; photograph (J;) and explanatory drawing (J,).

Scale bars 2 mm.

that of M. australis and Dolicavia, but contrasts with C.
aperea and G. musteloides, in which the mae is at the same
level as the dental series, or above. The circular infratym-
panic fenestra (fit) is anteroventral to the mae, and smaller,
as in Dolicavia. The mastoid of petrous (Pmp) forms the
mastoid sinus, laterally and posteriorly exposed. The Pmp
has an anteroventral-posterodorsal orientation (Fig. 3Az, As)
and differs from other caviines, in which the Pmp seems to
be more vertical (e.g., C. aperea, G. musteloides, M. austra-
lis, and Dolicavia). The right paraoccipital process is much
broken and is only preserved up to the level of the inferior
border of the occipital condyle.

Dentary: The preserved mandibles (Fig. 3As—A;, C) con-
serve the anterior portion of the dentary, part of the incisors,
and p4-m2. The mental foramen is located anteriorly to
p4 at half the dorsoventral heigt of the lateral surface of

the dentary, as in other caviids. The notch for the insertion
of the tendon of the nMpi is at the level of m1-m2, as in
M. australis, and the horizontal crest is well-developed,
forming a laterally projected shelf as in other caviids. The
fossa for the insertion of the masseter medialis muscle (dor-
sal to the horizontal crest) is deeper than the nMpi, as in
other caviines (Fig. 3A;), except for Galea, in which the
nMpi is deeper than df. The lateral crest arises at the level
of the anterior lobe of m2 and is straight, as in M. australis
and G. musteloides (Fig. 3As, Cy). The ventral margin of
the dentary exhibits a conspicuous alveolar protuberance,
similar to that of Dolicavia, and more developed than in
M. australis. In lingual view (Fig. 3Ag, C,), the lower incisor
extends up to the level of the anterior lobe of m1, and the
mylohyoid crest is present, similar to Dolicavia, C. aperea,
and Palaeocavia impar.
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Table 2. Upper molariforms measurements (in mm) of Neocavia. Ab-
breviations: LAP, anterposterior length of molariforms; LLA, antero-
posterior length of anterior lobe of molariforms; LPL, anteroposterior
length of posterior lobe of molariforms; WAL, length mediolateral of
anterior lobe of molariforms; WPL, length mediolateral of posterior
lobe of molariforms.

Neocavia lozanoi | Neocavia pampeana sp. nov.

MACN | PVL GHUNLPam
8400 7057 | 21286 | 21351 | 21854
o [ ] 2 { 1o o | i | i
con i | om {om 0% {om | o7
o up [ oot 05T | 0s1 | 053 | o
WLA g T RN
LAP right 1.92 157 1.63 1.84
left 1.89 2.27 1.67 1.75
LLA right | 0.89 1.05 0.68 0.79 0.81
left 0.87 1.03 0.76 0.78
[ gsn a7 foar | o
e
WLP Irfgtht 1.81 = igg 1.66
LAP o 020 Tes || ta | 20
By .
M2 |LLP ' Yo o | os | 10d
WLA gy 12| e
WLP Ir(ﬁtht 1.77 = 1.6 1.59
LAP Ir(laﬁtht 2.92 = 2.65 =
LLA Irgtht 0.96 > 0.96 823
M3 LLP Irtleitht 1.74 = 151 =
WLA Ir(legtht 1.73 1.21 1.67 H
WLP :ﬁtht 1.60 o 124 =

Molariforms: The molariforms are euhypsodont, dou-
ble heart-shaped, with a constriction in the apex of the
lobes, and with a transverse dentine crest on the middle
of the occlusal surface at each lobe. The Hf/hf is fun-
nel-shaped and has cement (Fig. 5A, B). The enamel is
continuous around the entire crown, but is interrupted on
the labial side in the upper molariforms, and on the lingual
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side in the lower molariforms, except in the h.p.i. and the
H.S.E., as in other caviines. The length of the molariforms
(Tables 2, 3) increases anteroposteriorly (P4/p4 are smaller
than M1/m1, M1/m1 are smaller than M2/m2, and M2 is
smaller than M3-m3 are not preserved), the lower mo-
lariforms pattern is shared with Microcavia, Galea, and
P. impar. The anterior and posterior lobes of the lower
molariforms are approximately similar in anteroposterior
length (Fig. 6B).

Upper teeth: The anterior lobes have a rounded pos-
terolabial extension that reaches the anterior margin of the
posterior lobe (Fig. 2B). This characteristic differs from
that of M. australis and Dolicavia, in which the projection
is posteriorly pointed. The anteroposterior length of the
anterior upper lobes is lesser than in the posterior lobes.
The shallow H.S.E. (Fig. 5A, B,) is similar to the condition
of Dolicavia and M. australis. The M3 is the largest tooth
and has an elongated posterior projection similar to that of
Dolicavia.

Lower teeth: The h.p.i. seems to be deeper than in “Neo-
cavia depressidens” (Fig. 2C; Table 3). The incisor is bro-
ken and the presence of an anterior lobe of p4 is variable
(Fig. 5B,, F): the assigned specimen (MACN-Pv 8415) has
an anterior projection, absent in the holotype (MACN-Pv
8400). In the holotype, the anterior lobe is oblique in rela-
tion to the anteroposterior axis of the mandible, while in the
assigned specimen (MACN-Pv 8415) the anterior projection
is well developed (Fig. 5B, F).

Remarks.—The anatomic analyses here performed reveal
certain discrepancies with respect to the description of
Kraglievich (1932, 1948), mainly due to the poor preser-
vation of the holotype (MACN-Pv 8400). According to
the author, “los huesos nasales presentan una convexidad
transversal moderada” [the nasal bones show a moderate
transverse convexity] (Kraglievich 1948: 143). This char-
acteristic cannot be confirmed because only a small por-
tion of the nasal is preserved in the anterior portion of
the skull. Moreover, the author described “..adelante de
los premolares unos amplios foramenes palatinos” [wide
palatine foramens in front of the premolars] (Kraglievich
1948: 143). Nevertheless, following Cherem and Ferigolo
(2012), the foramen anterior to the premolars is the incisive
foramen, which is only preserved in the posterior portion
without a medial septum. In addition, Kraglievich (1948)
described that the rostrum is inclined respect to the basioc-
cipital, as in Dolicavia, but this characteristic is shared by
all Caviinae.

The dentary was broken, probably after the description
of Kraglievich (1932, 1948; Fig. 4A). In this sense, the spec-
imen has been imprecisely repaired (Fig. 3As), so that the
most anterior part is laterally rotated, and the posteroventral
projection of the posterior end of the mandibular symphysis
is not present. However, it is illustrated in a posterior pa-
per of Kraglievich (1948). According to Kraglievich (1932,
1948), and Parodi and Kraglievich (1948), the masseteric
crest in the dentary is much developed and begins at the
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Table 3. Lower molariforms measurements (in mm) of Neocavia. Abbreviations: LAP, anterposterior length of molariforms; LLA, anteroposterior
length of anterior lobe of molariforms; LPL, anteroposterior length of posterior lobe of molariforms; WAL, length mediolateral of anterior lobe
of molariforms; WPL, length mediolateral of posterior lobe of molariforms. * from Parodi and Kraglievich (1948).

Neocavia lozanoi “Neocavia depressidens” | Neocavia sp. Neocavia pampeana sp. nov.
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level of m1. However, following Pérez (2010a, b), the portion
at the level of ml corresponds to the nMpi; the crest corre-

sponds to the horizontal crest, and the portion of dentary

with the masseteric crest is not preserved.

Stratigraphic and geographic range.—Late Miocene—early
Pliocene of Argentina, “Araucanense”, Andalhuala Formation;
Santa Maria Valley in Andalhuala locality, Catamarca
Province and Encalilla locality, Tucuman Province.

Fig. 4C.

“Neocavia depressidens” Parodi and Kraglievich,
1948

Holotype: MLP 46-V-13-53, left mandibular fragment with p4-m2
(Fig. 4C).
Type locality: Farola Monte Hermoso locality, Buenos Aires Province,
Argentina (Fig. 1C).
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Type horizon: Upper? levels of the Monte Hermoso Formation, early
Pliocene, Monteherrmosan Stage/Age (Parodi and Kraglievich 1948;
Tomassini et al. 2013).

Diagnosis (from Parodi and Kraglievich 1948).—*“Cavino
pequefio con los molares constituidos por dos prismas sep-
arados externamente por un surco amplio; internamente of-
recen un surco pequefio poco insinuado colocado un poco
atras con relacion al externo. El primer prisma del p4 no
tiene prolongamiento anterior y es menor que el segundo;
las caras externas anteriores y posteriores de los prismas
son algo deprimidas en el centro; la cresta masetérica ar-
ranca en la parte mas anterior del m1”. [Small caviine with
molars consisting of two prisms separated externally by a
broad groove; internally showing a small, slightly insinu-
ated groove, located a little back with respect to the exter-
nal one. The first lobe of p4 has no anterior extension and
is smaller than the second one; the anterior and posterior
external faces of the prisms are somewhat depressed in the
center; the masseteric ridge starts at the most anterior part
of m1] (Parodi and Kraglievich 1948: 66—67).

Remarks.—“Neocavia depressidens” (Fig. 4C) was diag-
nosed, described, and figured by Parodi and Kraglievich
(1948). The holotype and only known specimen is currently
lost. The original drawing possibly does not accurately re-
flect all the diagnostic characters given by the authors, and
even other characters (e.g., constriction in the apex of each
lobe of molariforms) have been drawn, but were not de-
scribed. Additionally, here we interpret that “por el punto
de arranque de la cresta masetérica” [by the starting point
of the masseteric crest] (Parodi and Kraglievich 1948: 67)
refers to the anterior border of the nMpi (sensu Pérez 2010a,
b), and that “el surco ... colocado un poco atras con relacién
al externo” [the groove ... located a little behind in relation
to the external] (Parodi and Kraglievich 1948: 67) refers to
h.p.i. (sensu Mones 1991), which is located posteriorly to the
hypoflexid, and which, in this case, would be superficial.
Due to the loss of type material, and the result of phy-
logenetic analysis (see Phyogenetic analysis below), we de-
cided to use a quotation mark to name “Neocavia depres-
sidens”, until corroborating the validity of this taxon.

Neocavia pampeana sp. nov.

Figs. 5C-E, G-I, 7, 8A.

2003 Neocavia cf. N. lozanoi; Montalvo and Rocha 2003: 501-504,
figs. 2, 3.

Etymology: In reference to the La Pampa Province, Argentina, where

the holotype and other assigned specimens were collected.

Holotype: GHUNLPam 19559, fragment of left mandible with p4-m3

(Figs. 5H, 7F).

Type locality: Caleufu, La Pampa Province, Argentina (Fig. 1B).

Type horizon: Cerro Azul Formation, late Miocene—early Pliocene,
Huayquerian Stage/Age (Montalvo and Rocha 2003; Verzi and Mon-
talvo 2008).

Materia.—GHUNLPam 19550: left mandibular fragment
with posterior lobe of m1, m2, and anterior lobe of m3;
GHUNLPam 19566: right mandibular fragment with m2—
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m3; GHUNLPam 19581: left mandibular fragment with bro-
ken il and p4; GHUNLPam 19582: left mandibular fragment
with p4-m2 (Fig. 5G); GHUNLPam 19588: right mandibular
fragment with m1-m2; GHUNLPam 19589: left mandibular
fragment with m1-m2; GHUNLPam 19622: left mandibular
fragment with p4-m1; GHUNLPam 21056: left mandibu-
lar fragment with p4-m1; GHUNLPam 21286: maxillary
and palatine fragment with both dental series, complete left
DP4-M3 (Fig. 5E) and right P4-M3; GHUNLPam 21288:
right mandibular fragment with complete dental series
(Fig. 51); GHUNLPam 21330: right mandibular fragment
with p4-m2; GHUNLPam 21332: right mandibular frag-
ment with p4—m1; GHUNLPam 21351: fragment of maxilla
with right P4A-M3 and left P4-M1 (Fig. 5C); GHUNLPam
21353: maxillary and palatine fragment with left P4 and
right P4, M2, and broken M1; GHUNLPam 21854: fragment
of maxilla with complete dental series (Fig. 5D).

Diagnosis.—Neocavia pampeana sp. nov. differs from the
other species of the genus because the primary internal
flex is wider, and the anterior lobe of lower m1-m2 is pro-
portionally anteroposteriorly longer than the posterior lobe,
contrasting with the condition of N. lozanoi.

Description.—Palate: Several specimens include fragments
of the palate with a portion of the maxilla and palatine. The
most complete specimen (GHUNLPam 21351, Fig. 7A) has
the posterior wall of the diastema with a wide posterior
margin of the incisive foramina, similarly to M. australis
and Dolicavia. The suture between Mx (in the posterior
wall of the diastema) forms a small bulge as in N. lozanoi,
M. australis, and Dolicavia. The anterior ventral root of the
zygomatic arch begins anteriorly to P4 (Fig. 7A, B, C). The
Pt is more dorsally located than the Mx, forming a ridge
in the palate, as in N. lozanoi, Microcavia, and Dolicavia
(Fig. 7Aq, By, C). In lateral view (Fig. 7A,, B,), the posterior
border of the upper diastema has a vertical orientation, re-
sembling M. australis and Dolicavia. The groove and ridge
for the passage of the infraorbital nerve and artery is pres-
ent, as in N. lozanoi, but is dorsoventrally shorter than in
Cavia aperea, M. australis, and Dolicavia.

Dentary: The preserved fragments include mandibular
bodies, lacking any portion of the diastema and the poste-
rior process (Fig. 7D-F). In lateral view, the nMpi is located
between m1 and m2, as in M. australis and N. lozanoi.
The horizontal crest is only known by its anterior part in
GHUNLPam 19559 (Fig. 7F3). The straight lateral crest
originates at the level of the anterior lobe of m2 (Fig. 7Dy),
as in N. lozanoi, M. australis, and Dolicavia. In occlusal
view (Fig. 7Ds, F3), the dorsal fossa for the insertion of the
masseter medialis muscle is deeper than the nMpi, as in N.
lozanoi, M. australis, Dolicavia, and C. aperea. In lingual
view (Fig. 7D,, E,, F,), the lower incisor extends to the level
of the anterior lobe of m1, as in N. lozanoi, and the mylohy-
oid crest is present, differing from M. australis.

Molariforms: The molariforms are euhypsodont, double
heart-shaped, with a constriction in the apex of each lobe,
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and with a transverse dentine crest in the middle of the
occlusal surface in each lobe, as in other caviines (Fig. 5C—
E, G-I1). The Hf/hf is funnel-shaped and has cement; the
enamel is continuous around the entire crown, but is inter-
rupted on the labial side in the upper molariforms and on
the lingual side in the lower molariforms, except in H.S.E.
and h.p.i., as in other caviines. The anteroposterior length
of the molariforms increases posteriorly in the molariform
series (P4/p4 are smaller than M1/m1, M1/m1 are smaller
than M2/m2, and M2/m2 are smaller than M3/m3) as in
N. lozanoi; this pattern is shared with the lower molariforms
of Microcavia, Galea, and Palaeocavia impar.

Upper teeth: The anterior lobes have a round posterola-
bial extension that reaches the anterior margin of the pos-
terior lobe (Fig. 5C—E), as in N. lozanoi, but different from
M. australis and Dolicavia, in which the projection is pos-
teriorly pointed. The anteroposterior length of the anterior
lobes is smaller than that of the posterior lobes (Table 2).
The M3 is the largest molariform and has an elongated
posterior projection, with an orientation similar to that of
Dolicavia.

Lower teeth: The h.p.i. of the molariforms is wider than
that of N. lozanoi, “N. depressidens”, and Neocavia sp.; it has
the same depth as in N. lozanoi (Table 3). The anterior lobe
of p4 has an incipient anterior projection (Fig. 5G-I), differ-
ing from N. lozanoi, which has a well-developed projection
when it is present. In addition, it seems that the hypoflexid
of p4 is more obliquely oriented, posterolaterally, than in the
latter species. A unique characteristic of N. pampeana sp.
nov. is that the anteroposterior length of the anterior lobe of
m2 is larger than that of the posterior lobe; differing from
N. lozanoi, in which both lobes are similar in length. The
difference between the surfaces of the anterior and posterior
lobe in m1-m2 in N. pampeana sp. nov. is smaller than in N.
lozanoi and Neocavia sp. (Fig. 6B), but we cannot corrobo-
rate this condition in “N. depressidens”.

Ontogeny: Molariforms of caviines have a simplified oc-
clusal surface, so in the absence of deciduous teeth or other
attributes that provide clues for the ontogenetic stage, such
as exposed areas of trabecular bone (see Montalvo 2004), it
is difficult to estimate the age of the individuals.

The sample from Caleufl includes two juvenile indi-
viduals. GHUNLPam 19581 is a mandible fragment with
immature bone, a fragment of incisive, and p4. The p4 is
slightly conical and the h.p.i. is anteroposteriorly wider
than in adult individuals. GHUNLPam 21286 includes
maxilla and palatine fragments with complete molariform
series; a fragment of right deciduous premolar (DP4), and
emergent P4 (Figs. 5E, 7C, 8A). The DP4 is bilobed with
cement in the hypoflexus, and the enamel is continuous
around the entire crown but is interrupted on the labial
side, exceptin H.S.E., as in the DP4 of juvenile M. australis
(Fig. 8B). These molariforms probably developed roots, as
in “eocardiids” (e.g., Luantus, Eocardia; Kraglievich 1930;
Pérez 2010a, b). The lobes of DP4 are smaller and antero-
posteriorly more compressed than molars, as in the DP4 of
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Fig. 6. Graphic measurements of Caviidae. A. Relative size of tympanic
bullae in Caviidae (in mm), relationship between the mean length from the
premaxillary-maxillary suture to the anterior point of the foramen magnum
(APB) and the mean anteromedial-posterolateral length of the tympanic
bulla (APL). B. Difference between lengthxwidth of anterior (ALS) and
posterior (PLS) lobe in m1. C. Bivariant plot of anteroposterior length
(LAP) of p4 and m1.

juvenile M. australis. The base of the DP4 is smaller than
the occlusal surface. On the labial side, the partially broken
anterior lobe of DP4 has a subtle square projection. The
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Fig. 7. Caviid rodent Neocavia pampeanasp. nov. from Cerro Azul Formation, late Miocene—early Pliocene, Caleufu locality, La Pampa Province, Argentina.
A. GHUNLPam 21351, fragment of palate. B. GHUNLPam 21854, fragment of palate. C. GHUNLPam 21286, fragment of palate. D. GHUNLPam 21288
(reflected), fragment of mandible. E. GHUNLPam 19622 (reflected), fragment of mandible. F. GHUNLPam 19559, holotype (reflected), fragment of
mandible. In ventral (A;, B,, C), lateral (A, B,), labial (D,, E;, Fy), lingual (D,, E;, F,), and occlusal (D, Es, F3) views. Abbreviation: nMpi, notch for
the insertion of the tendon of the masseter medialis pars infraorbitalis muscle.

H.S.E. is very shallow and is located a little anteriorly in the
posterior lobe, respect to adult individuals. The emerging
P4 is cone-shaped, a common condition in erupting euhyp-
sodont cheek teeth, with their apices conspicuously smaller
than the bases (Vucetich et al. 2005). GHUNLPam 21286
has a shallower H.S.E., and the posterior projection of M3
is shorter than in adult individuals. Others characteristics
(e.g., wide margin of incisive foramina) are similar to the
conditions of adult individuals.

In addition, GHUNLPam 21288 is a right dentary frag-
ment with p4-m3 (Figs. 51, 7D). The p4 is smaller than
molars, and its anterior lobe has a rounded outline and a

poorly developed apex. The posterior lobe is heart-shaped
but the h.p.i. is incipiently developed. Due to the absence
of dp4 (confirmed with X-rays analysis) and the presence
of immature bone, this specimen would correspond to a
subadult individual.

Most of the caviids are born with all cheek teeth al-
ready erupted, even with occlusal wear (Kraglievich 1930;
Vucetich et al. 2005). Until now, Microcavia was the only
identified Caviinae with postnatal dental replacement
(Kraglievich 1930; Cabrera 1953; Contreras 1964), but the
specimens here reported confirm that Neocavia would have
a later replacement of premolars.
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Remarks.—Montalvo and Rocha (2003) described several fos-
sil remains recorded in the Cerro Azul Formation (Caleufu)
and they assigned the sample to Neocavia cf. N. lozanoi. In
the present revision, we reassign some of this material (see
above) to N. pampeana sp. nov. Among the other specimens
of the sample, we have identified ?Microcavia (GHUNLPam
21346), Palaeocavia sp. (GHUNLPam 19568), and two inde-
terminate caviids (GHUNLPam 21355 and 21356).

GHUNLPam 21346 consists in a maxillary fragment
with left and right P4—M3. The molariforms are similar in
morphology to those of Microcavia and the posterolabial ex-
tension of the anterior lobe is posteriorly more pointed than
in Neocavia; however, the palatine is located approximately
at the same level to the maxilla, differing from Microcavia
which has a well-marked unevennes. GHUNLPam 19568 is
a maxillary fragment with left and right PA-M2. The mo-
lariforms are similar to those of Palaeocavia, the shape of
the anterior lobe is more lanceolate than in Neocavia, and it
has no a posterolabial extension of anterior lobes (synapo-
morphy of Neocavia); the hypoflexus is similar to that of
Palaeocavia, anteroposteriorly wider than in Neocavia, and
the labial apex of hypoflexus has a bevel contour similar
to that of Palaeocavia. The specimens GHUNLPam 21355
and 21356 consist in maxillary fragments with M3 and they
have not enough characters to be identified at generic or
specific level.

Stratigraphic and geographic range.—Late Miocene—early
Pliocene, Cerro Azul Formation, Caleuft locality, La Pampa
Province, Argentina.

Neocavia sp.
Figs. 4B, 5J.

Materia.—MD-FM-17-01, fragment of left mandible
with p4-m1, and broken m2 (Figs. 4B, 5J) from the lower
levels of the Monte Hermoso Formation, early Pliocene,
Montehermosan Stage/Age (see Tomassini et al. 2013), of
Farola Monte Hermoso, Buenos Aires Province, Argentina
(Fig. 1C).

Description.—Dentary: This specimen is a little more ro-
bust than other specimens of the genus (Table 3). In labial
view (Fig. 4By), only the anterior part of the nMpi has been
preserved, which is located between m1 and m2 (Fig. 4B5)
as in N. pampeana sp. nov. and N. lozanoi; the condition of
“N. depressidens” is unknown. In lingual view (Fig. 4B,),
the lower incisor extends posteriorly up to the level of the
anterior lobe of m1, as in N. lozanoi and N. pampeana sp.
nov. In ventral view, the alveolar protuberance of ml is
well-developed.

Lower teeth: The molariforms (Fig. 5J) are double-heart
shaped, and the hypoflexid is funnel-shaped. The anteropos-
terior length of the molariforms is larger than in other spe-
cies of Neocavia and both lobes of m1 are similar in antero-
posterior length, as in N. lozanoi. Neocavia sp. differs from
N. pampeana sp. nov. because the anteroposterior length of
the anterior lobe is greater than the posterior lobe (Fig. 6B, C;

Fig. 8. Juvenile caviid rodents; molariforms (DP4 and P4) in occlusal views.
A. Neocavia pampeana sp. nov. (GHUNLPam 21286) from Cerro Azul
Formation, late Miocene—early Pliocene, Huayquerian Stage/Age, Calufl
locality, La Pampa Province, Argentina. B. Microcavia australis Gervais
and Ameghino, 1880 (MACN-Ma.34-12, reversed), Recent, from La Rioja
Province. Photographs (A;, B;) and explanatory drawings (A,, B,). Scale
bars 0.5 mm.

Table 3). The h.p.i. is narrower than in N. pampeana sp. nov.
and N. lozanoi, and differs from “N. depressidens” because
it is very shallow (Fig. 5J). The anterior lobe of p4 has an in-
cipient anterior projection, as in N. pampeana sp. nov.; on the
contrary, in N. lozanoi, when present, the anterior projection
is well-developed, whereas it is absent in “N. depressidens”.

Remarks.—Here we opted for retaining an open taxonomy
for Neocavia sp. because there is only one specimen with a
combination of few characters; for this reason is not possible
to check if the larger size and the morphological differences
(i.e., narrower h.p.i., both lobes of m1 similar in anteropos-
terior length, and incipient anterior projection of p4) corre-
spond to intra or interspecific variability. In addition, the
comparison with “N. depressidens”, also recovered in the
Monte Hermoso Formation, is inaccurate because the holo-
type (and the only specimen known) is missing (see above).

Phylogenetic analysis

The combined analysis resulted in a total of 2724 most par-
simonious trees (MPTs) of 3334 steps, and a strict consensus
of all trees was calculated (Fig. 9A). The list of synapomor-
phies of the phylogenetic analysis is detailed in the SOM 3.
In this analysis, the Subfamily Caviinae was recovered as
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a monophyletic group, with Galea as the most basal taxon.
The subfamily is supported by ten unambiguous synapo-
morphies of morphological characters (see Supplementary
Online Material 3). The Neocavia species are nested within
Caviinae (node A) (Fig. 9A), and in the strict consensus they
collapse in a polytomy (node C) with Dolicavia, Microcavia
and the node E (Palaeocavia and Cavia species).

The polytomy in node C is generated by the instability
of “N. depressidens”, which takes a different position in the
MPTs (Fig. 9B). Two alternative topologies can be proposed
for the analysis of the MPTs for Neocavia species (see the
stars in Fig. 9B).

Topology A.—Neocavia is recovered as a monophyletic
group in MPTs, although the internal relationships are not
resolved (“N. depressidens”, N. lozanoi, N. pampeana sp.
nov., and Neocavia sp. collapse in node I). The single un-
ambiguous synapomorphy that supported the monophyly
of Neocavia for all MPTs is that lower incisors extend up
to the level of the anterior lobe of m1 (C. 20.4). Four unam-
biguous synapomorphies supported some MPTs, including
the ridge through which the maxillary artery and the infra-
orbital nerve are developed (C.47.1), the incipient projection
in the anterior lobe of p4 (C.82.1), the labial, round-shaped
projection in M1-M2 (C.128.1), and the premolar smaller
than M1, with M1 smaller than M2 (C.132.0).

Topology B.—“N. depressidens” takes a basal position with
respect to the node of Palaeocavia and Cavia species (node
E) in MPTs. This is supported by one unambiguous synapo-
morphy for all MPTs: the absence of an anterior projection
in the anterior lobe of p4 (C.82.0) (see Taxonomy affinities).

In A and B alternative topologies, and when “N. depres-
sidens” is ignored, the node G (Microcavia + Neocavia)
is supported by two unambiguous synapomorphies in the
MPTs (Fig. 9B): p4-ml shorter than m2-m3 (C.61.0),
and width of basioccipital up to 20% of the width of the
braincase (C.119.0). The node H (Dolicavia, Neocavia, and
Microcavia) is supported by seven unambiguous synapo-
morphies in all the MPTs (Fig. 9B): the area between the
temporal fossae has interposed plane (C.43.0); the external
auditory meatus is below the level of the occlusal surface
of the dental series (C.50:1); the posterior border of the
upper diastema is vertical (C.51.1); the posterior border of
the upper diastema extends up to 10% respect to the an-
teroposterior length of the maxilla (C.52.0); the maximum

<— Fig. 9. Trees of phylogenetic analysis. A. Strict consensus from the 2724

most parsimonious trees shows Caviinae node (node A) and polytomy
among Neocavia species, Dolicavia, Microcavia, Palaeocavia, and Cavia
(node C). Upper case letters indicate nodes within Caviinae. B. Different
positions of “Neocavia depressidens” within the Caviidae node in the most
parsimonious trees. Stars show the two possible positions of “N. depres-
sidens” in the most parsimonious trees. Numbers in bold indicate jackknife
support values, numbers in italics represent bootstrap values. C. Adjusted
in time phylogeny on phylogenetic analysis ignoring the fossils taxon “N.
depressidens”. Boxes indicate percentage changes in the state of the char-
acter 60 (tympanic bullae size).

width of the posterior margin of the incisive foramina is
wide (> 50%) with respect to the maximum width of the
maxilla at the same level (C.54.1); the palatal surface is un-
even (C.55.3); and the anterior lobe of M1-M2 has a labial
projection (C.127.1). Figure 9C shows the time calibrated
tree resulting from phylogeny analysis ignoring the fossil
taxon “N. depressidens”, and the boxes indicate changes in
the different states of the tympanic bulla size (character 60)
(see Evolution of the size of the tympanic bullae).

Concluding remarks

Taxonomic affinities.—Neocavia Kraglievich, 1932 is a
valid genus and this new evaluation corroborates its position
within Caviinae. Some of the features shared with other rep-
resentatives of this subfamily include its small size, its very
narrow interorbital region, the anterior portion of the pari-
etals being strongly convex and with shallow temporal fossae,
and its dental characters. Neocavia is more closely related to
Dolicavia and Microcavia than to the other Caviinae (Fig. 9B)
(Kraglievich 1932; Pascual 1962; Ortega Hinojosa 1963; see
Phylogenetic analysis above). Dolicavia, Microcavia, and
Neocavia share the labial projection in the anterior lobe of
M1-M2, the wide posterior margin of the incisive foramina,
the vertical posterior border of the upper diastema, and the
gap between the palatal bones. Also, in these taxa (Dolicavia,
Microcavia, and N. lozanoi) the temporal fossae do not merge
on the middle line; the external auditory meatus is below the
level of the occlusal surface of the dental series, and the tym-
panic bullae are the largest among caviids.

We confirm that Neocavia is a monophyletic genus with
at least two species (N. lozanoi and N. pampeana sp. nov.),
and also confirm that the specimen of the Monte Hermoso
Formation belongs to Neocavia (see Tomassini et al. 2013),
but keeping an open taxonomy (Neocavia sp.) until new and
more complete remains are found. We cannot confirm or
discard the assignment of “N. depressidens” to Neocavia,
because in the phylogenetic analysis its position within the
genus was not supported in all the MPTs (see A and B al-
ternative topologies in Phylogenetic analysis). The coding
of “N. depressidens” was made from the original descrip-
tion and drawing, because the holotype (and only specimen
assigned) has been lost. We decided to keep the name “N.
depressidens” until new data allow for a more exhaustive
analysis of alpha taxonomy.

Stratigraphic considerations.—Neocavia lozanoi is re-
stricted to the late Miocene—early Pliocene (Marshall et al.
1979; Georgieff et al. 2017) of northwest Argentina. The
specimens MACN-Pv 8400 and MACN-Pv 8415 come from
the Andalhuala locality, Santa Maria Valley, Catamarca
Province, but without precise stratigraphic provenance.
A dating of the lower third of the Andalhuala Formation,
cropping out at Entre Rios (Santa Maria Valley, Catamarca
Province), yielded an age of 6.02 £ 0.04 Ma (Marshall et
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al. 1979). The upper limit of this formation was also dated
in this locality, yielding an age of 4.78 + 0.70 Ma (Strecker
et al. 1989). Moreover, in the southern area of Santa Maria
Valley, datings between 3.4 Ma and 4.85 Ma were obtained
close to the top of the Andalhuala Formation (Strecker et al.
1989; see Georgieff et al. 2017).

The specimens PVL 7057, assigned here to N. lozanoi,
were recovered in the upper levels of the Andalhuala For-
mation, cropping out at Encalilla (Santa Maria Valley, Tucu-
man Province) (see Alonso-Muruaga et al. 2017). Armella et
al. (2016) assigned the faunal assemblage of Encalilla to the
Abundance Biozone of Vassallia maxima—Pseudoplataeo-
mys—Pithanotomys, proposed for the upper third of the
Andalhuala Formation in the northern sector of the Hualfin-
Belén Valley (Corral Quemado locality, Catamarca Pro-
vince), with an age of 5.64-3.66 Ma (Latorre et al. 1997,
Esteban et al. 2014). However, taking into account the dia-
chronism proposed for the continental Cenozoic units of the
Andean foreland of northwest Argentina (see Spagnuolo et
al. 2015; Georgieff et al. 2014, 2017), we prefer to assign the
levels of Encalilla to the late Miocene—early Pliocene, until
more accurate radiometric datings of the area are provided.

Neocavia pampeana sp. nov. comes from the late Mio-
cene—early Pliocene (Huayquerian Stage/Age) of the Cerro
Azul Formation, exposed at Caleufu (Montalvo and Rocha
2003; Verzi and Montalvo 2008; Verzi et al. 2008). Remains
assigned to Neocavia have not been found in other out-
crops with older faunal assemblages of the Cerro Azul
Formation (see Verzi et al. 2008; Sostillo et al. 2014). This
result provides support for the biostratigraphic and biochro-
nological interpretation for different outcrops of Cerro Azul
Formation in previous papers (e.g., Verzi et al. 2008).

Neocavia sp. comes from the early Pliocene (Monteher-
mosan Stage/Age; < 5.28 Ma — 4.5/5.0 Ma, sensu Tomassini
et al. 2013) of the Monte Hermoso Formation, Farola Monte
Hermoso. “Neocavia depressidens” was also recovered in
the Monte Hermoso Formation, but its precise stratigraphic
provenance is unknown (see Tomassini et al. 2013).

Based on the available evidence, the occurrence of Neo-
caviawould be restricted to the late Miocene—early Pliocene.
However, the specimens were recorded in fossiliferous lo-
calities without radiometric datings (e.g., Caleufd, Farola
Monte Hermoso, Encalilla), their chronological assignments
are based on the associated fauna, and some of them even
lack precise stratigraphic provenance (e.g., MACN-Pv 8400,
N. lozanoi; MLP 46-V-13-53, “N. depressidens”). For these
reasons, a clear temporal correlation among the different
species of Neocavia is currently not possible; therefore, its
use as a biostratigraphic indicator should be revised (see
section below).

Validity of Neocavia depressidens Biozone.—Cione and
Tonni (2005, see also references therein) recognized two
biostratigraphic units for the Monte Hermoso Formation:
Trigodon gaudryi Biozone, biostratigraphic basis of the
Montehermosan Stage/Age (late Miocene—early Pliocene,
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according to these authors), and Neocavia depressidens
Biozone, biostratigraphic basis of the lower Chapadmalalan
Stage/Age (early Pliocene). The latter was defined based on
the record (holotype only) of “N. depressidens”. Tomassini
et al. (2013), suggested that the faunistic variations between
the different levels of the Monte Hermoso Formation are
not significant, and do not support the validity of these two
biozones (see also Deschamps et al. 2012). On this basis,
the authors defined a new single biostratigraphic unit for
this formation, the Eumysops laeviplicatus Biozone, cor-
responding to the Montehermosan Stage/Age and assigned
to the early Pliocene, <5.28 Ma and 4.5/5.0 Ma. Recent
biostratigraphic studies performed in different fossiliferous
localities of the Quequén Salado river basin (Buenos Aires
Province, Argentina), based on paleontological, sedimento-
logical, and magnetostratigraphic data, allow assigning an
age between 4.98-4.29 Ma for the Eumysops laeviplicatus
Biozone (Beilinson et al. 2017). In this paper we cannot
confirm the taxonomic status of “N. depressidens” and nei-
ther can we identify Neocavia sp. (MD-FM-17-01) at the
species level, thus we endorse the proposal of Tomassini et
al. (2013), who suggest not to use this taxon as a biostrati-
graphic indicator until its taxonomic status is resolved.

Evolution of the size of tympanic bullae.—Throughout the
evolutionary history of mammals, the middle ear has under-
gone remarkable changes. Body size, phylogenetic relation-
ships, and acoustic environment, a play a role in shaping
ear structure and function (Lay 1972; Webster and Webster
1980; Ravicz et al. 1992). Cavioidea is one of the most di-
vergent lineages within the South American Hystricognathi;
thus, it is interesting to evaluate morphological changes in
the evolutionary history of the group (e.g., Pérez 2010a, b;
Pérez and Vucetich 2011, 2012), such as size variation of the
tympanic bullae.

Three size categories of tympanic bullae (large, middle,
and small) were recorded throughout the evolutionary his-
tory of Caviidae. An intermediate size (plesiomorphic state)
is present in Cavia aperea and C. porcellus, Dolichotinae,
the most basal forms of Hydrochoerinae (e.g., Kerodon), and
some sister groups of Caviidae (e.g., Guiomys) (Fig. 9C).
This plesiomorphic state is acquired at least in the middle
Miocene, whereas the more derived conditions originated
once the ecomorphological differentiation of the different
groups occurred (Vucetich et al. 2015; Alvarez et al. 2103,
2017). A first small reduction of the size of the tympanic
bullae is recorded in the late Miocene Caviodon andalhual-
ensis (“Cardiomyinae”) (Pérez et al. 2018), whilst the most
derived taxa of Hydrochoerinae (e.g., Hydrochoeropsis
dasseni and Phugatherium novum) acquired the small-
est tympanic bullae during the Pliocene (Vucetich et al.
2015). Within Caviinae, Galea, Dolicavia, Microcavia, and
N. lozanoi, acquired the largest tympanic bullae during the
late Miocene—early Pliocene.

The degree of auditory specialization has been widely
studied, mainly in rodents. Most studies postulate that
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rodents inhabiting deserts or with subterranean habits
modify the size, volume, and internal structure of the tym-
panic bulla in a way that increase their sensitivity to low
frequencies (Lay 1972; Webster and Webster 1980; Ravicz
et al. 1992; Francescoli 1999; Schleich and Vassallo 2003;
Alhajeri 2014; Alhajeri et al. 2015). This adaptation is
necessary for predator avoidance in open environments,
where sound tends to dissipate quickly. In subterranean
contexts, the transmission of high-frequency sounds is not
possible, due to the rapid attenuation and dissipation in
short distances (Francescoli 1999; Schleich and Vassallo
2003).

During the deposition time of Andalhuala Formation
(late Miocene—early Pliocene), where N. lozanoi was re-
corded, South America suffered a general trend of aridiza-
tion and general deterioration of climate, with short-term
warmer climatic fluctuations. The eastern Antarctic glaci-
ation in the late Miocene, the marine ingression “Paranean
Sea”, extending up to northern Patagonia, and the Andean
Orogeny (Quechua and Diaguita Phase) took place, with the
uprising of the eastern orographic systems of Argentina, in-
cluding the Puna and the Cordillera Oriental, which resulted
in more arid and dry conditions in the inter-andean valleys
(Muruaga 1998; Zachos et al. 2001; Ortiz-Jaureguizar and
Cladera 2006; Esteban et al. 2014). The rodent fauna re-
corded in Encalilla (Armella et al. 2016), with the exception
of cf. Microcavia, Phitanotomys, and Pseudoplataeomys, is
not representative of more arid conditions. In this context,
the size of bullae as a proxy for indicated arid conditions
may be doubtful for the levels of Andalhuala Formation.

The ecomorphology of caviid groups is well differenti-
ated since the late Miocene—Pliocene (Vucetich et al. 2015;
Alvarez et al. 2017). In this study, a phylogenetic correlation
between the size of the tympanic bullae and the habits of
the Caviidae is proposed. The extant hydrochoerines (e.g.,
H. hydrochaeris), which have the smallest sizes of tympanic
bullae are cursorial, with some adaptations to semiaquatic
habits (Elissamburu and Vizcaino 2004; Rocha-Barbosa et
al. 2015; Garcia-Esponda and Candela 2016); they use the
water bodies mainly as a refuge, but most of their normal
activity is on land (Schaller 1976; Vucetich et al. 2010).
The extant Dolichotinae species (Dolichotis patagonum and
D. salinicola), with an intermediate tympanic bullae size,
are terrestrial with highly cursorial specializations (Garcia-
Esponda and Candela 2016); they commonly take refuge in
vegetation, but can also occupy abandoned burrows of other
mammals or build simple burrows for breeding (Campos et
al. 2001; Elissamburu and Vizcaino 2004; Rocha-Barbosa
et al. 2015). Within the extant Caviinae, Cavia is the most
generalized form and the size of their tympanic bullae
has a plesiomorphic condition; different species use shel-
ters in brush and clumps of vegetation, but they do not dig
burrows. Among the caviines that have the largest size of
tympanic bullae, Microcavia and Galea can build burrows
(Elissamburu and Vizcaino 2004). Additionally, the remains
of the extinct Dolicavia are often found inside paleoburrows

or in association with them (see Elissamburu et al. 2011). On
this way, fossorial habits could be inferred for the fossil taxa
Dolicavia and N. lozanoi.
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