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Abstract

The region of Lagoa Santa, Minas Gerais, Brazil, is one of the most important karstic areas of the Brazilian Quaternary
due to the faunistic diversity of living and extinct forms. Among them, some taxa remain poorly studied, as is the case
of Calomys anoblepas Winge 1887. Despite the recent allocation of the taxon within Juliomys, its description and
morphological analysis are condensed, based on comparative few specimens and on few informative characters. In this
study, we investigate characters proposed to distinguish species of Juliomys, and reevaluate the taxonomic status of the
fossil Juliomys anoblepas. We analyzed 80 cranio-dental morphological characters in 233 specimens represented by the
four species currently recognized: J. pictipes (Osgood 1933), J. rimofrons Oliveira & Bonvicino 2002, J. ossitenuis Costa,
Pavan, Leite & Fagundes 2007, and J. ximenezi Christoff, Vieira, Oliveira, Gongalves, Valiati & Tomasi 2016. We also
performed principal component analysis on eight craniodental measurements available for the J. anoblepas hypodigm.
The review of morphological systems and the evaluation of the characters used in the literature revealed that there are no
diagnostic characters in the anterior portion of the skull and in the molar series of Juliomys, being difficult to differentiate
the fossil from the other living species. Only six qualitative characters were variable and applicable to the hypodigm of
J. anoblepas. Characters are polymorphic, invariable, or the fossil is not sufficiently complete to determinate its states.
The taxon could not be morphometrically differentiated from J. pictipes and J. ossitenuis. Based on the results presented
herein, we consider J. anoblepas as a nomen dubium and restrict its name to the taxon’s hypodigm.
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Introduction

Our knowledge of the mammalian diversity of late Brazilian Quaternary has increased due to several recent stud-
ies describing local faunas (Salles et al. 2006; Kerber et al. 2013; Hadler et al. 2016; Neves et al. 2017; Pires et al.
2018; Stutz et al. 2018; Boroni et al. 2020). One of the main karstic areas of the Brazilian Quaternary, however,
still is the iconic region of Lagoa Santa, in the state of Minas Gerais, due to its great faunal and botanical diversity
(Paula-Couto 1979). The extensive works of Lund (Paula-Couto 1950; Cartelle 2002) and Winge (1887), both on
fossil and living forms, constitute one of the most important studies of Neotropical rodent taxonomy, and present
the description of several species of sigmodontines. Many of these taxa were recognized as fossils at the time, but
a few forms have been recently recognized as extant (e.g., Voss & Myers 1991; Voss & Carleton 1993; Pardifias et
al. 2008a).

One of these taxa is Calomys anoblepas Winge 1887, which had a convoluted taxonomic history. The taxon was
considered by Winge (1887: 44) as closely related to Calomys longicaudatus (= Oligoryzomys nigripes); a similar
view was adopted by Trouessart (1898), who moved C. anoblepas to the genus Oryzomys Baird 1857, which at that
time encompassed Oligoryzomys species. Posteriorly, in a comparative study with other genera of sigmodontines,

Accepted by P. Teta: 7 Sept. 2020, published: 19 Oct. 2020 429



the connection of the C. anoblepas with Oecomys was also suggested (Pardifas ez al. 2002). Finally, Pardifias & Teta
(2011) proposed the allocation of C. anoblepas to the genus Juliomys Gonzélez, 2000, constituting a new combina-
tion: Juliomys anoblepas (Winge 1887).

The genus Juliomys was erected by Gonzalez (2000) to include the Atlantic forest endemic Thomasomys pic-
tipes Osgood 1933, but a flurry of recent taxonomic work resulted in the recognition of three additional species for
genus: J. rimofrons Oliveira & Bonvicino 2002; J. ossitenuis Costa, Pavan, Leite & Fagundes 2007; and J. ximenezi
Christoft, Vieira, Oliveira, Gongalves, Valiati & Tomasi 2016. The current known geographic distribution of the
genus includes southeastern Brazil, northeastern Argentina, and eastern of Paraguay (see a synthesis in Gonzalez et
al. 2015), including several cases of sympatry between different species (Costa et al. 2007; Aguieiras et al. 2013;
Grazzini et al. 2015; Gonzélez et al. 2015; Christoff et al. 2016).

Although the taxonomic studies of Juliomys have provided a morphological framework for identification of
the taxa (Oliveira & Bonvicino 2002; Costa et al. 2007; Pardifias et al. 2008b; Pavan & Leite 2011; Aguieiras et al.
2013; Gonzalez et al. 2015; Christoff et al. 2016), the recognition among species has been mainly based on karyo-
types and molecular differences (Paresque et al. 2009; Christoff et al. 2016). Morphological descriptions were usu-
ally condensed and based on few specimens (Osgood 1933; Gonzalez 2000; Oliveira & Bonvicino 2002; Pardifias
et al. 2008b; de la Sancha et al. 2009) and, in some cases, presented inconsistencies among them (Costa et al. 2007;
Pardifias et al. 2008b; Pavan & Leite 2011; Aguieiras et al. 2013; Fonseca et al. 2013).

The holotype and the only known specimen of J. anoblepas is from Lapa da Serra das Abelhas, in the munici-
pality of Lagoa Santa, Minas Gerais State, Brazil. The hypodigm is a fragmentary skull, which presents additional
difficulty for taxonomic diagnosis. Pardifias & Teta (2011) were able to recognize the taxon as distinct from extant
species of Juliomys based on a handful of cranial and dental characters. Nevertheless, their sampling was extremely
sparse for the species of the genus, and did not include the recently described J. ximenezi. Therefore, the aim of the
present study is to investigate diagnostic characters proposed to distinguish species of Juliomys, and to reevaluate
the taxonomic status of Juliomys anoblepas based on a comprehensive sample of Juliomys.

Material and methods

We analyzed 233 specimens of Juliomys housed at the following scientific collections: Mammals Collection at Field
Museum of Natural History (FMNH), Chicago, United States; Laboratério de Biologia e Parasitologia de Mamifeos
Reservatorios, Instituto Oswaldo Cruz/Fiocruz (LBCE), Rio de Janeiro, Brazil; Colecdo de Mamiferos do Museu de
Ciéncias Naturais, Universidade Luterana do Brasil (MCNU), Canoas, Brazil; Colecdo de Mamiferos do Museu de
Ciéncias Naturais da Pontificia Universidade Catdlica de Minas Gerais (MCN-M), Belo Horizonte, Brazil; Colecao
de Mastozoologia do Museu Nacional/Universidade Federal do Rio de Janeiro (MN/UFRJ), Rio de Janeiro, Brazil,
Colecdo de Mamiferos do Museu de Zoologia da Universidade Estadual de Campinas (ZUEC-MAM), Campinas,
Brazil; Colegao Mastozooldgica do Museu de Zoologia da Universidade de Sdo Paulo (MZUSP), Sao Paulo, Brazil;
Colecdo Cientifica de Mamiferos do Nucleo em Ecologia e Desenvolvimento Ambiental de Macaé/UFRJ (NPM),
Macaé, Brazil; Colegdo Cientifica de Mamiferos da Universidade Federal de Santa Maria (UFSM), Santa Maria,
Brazil; Colecdo de Mamiferos da Universidade Federal do Espirito Santo (UFES-MAM), Vitoéria, Brazil; Colegdo
de Mamiferos do Centro de Cole¢des Taxondmicas da Universidade Federal de Minas Gerais (CCT-UFMG), Belo
Horizonte, Brazil; Cole¢ao de Mamiferos do Departamento de Ecologia e Zoologia da Universidade Federal de San-
ta Catarina (UFSC), Floriandpolis, Brazil; and Coleg¢@o Zoolodgica da Universidade Regional de Blumenau (FURB),
Blumenau, Brazil. The holotype of J. anoblepas is housed at Lund collection in the Universitets Zoologisk Museum
(ZMUC), Copenhagen, Denmark, and was analyzed through photographs. Examined specimens are from 75 locali-
ties (Fig. 1), and are listed in appendix 1. Specimens were identified based on comparative analysis of type material
and analyses of geographic variation (Pires 2018, unpublished results).

We evaluated 80 cranial and dental characters (appendix 2) obtained from taxonomic and anatomic studies of
the genus (Gonzalez 2000; Oliveira & Bonvicino 2002; Costa et al. 2007; Pavan & Leite 2011; Aguieiras et al.
2013; Gonzalez et al. 2015; Christoff et al. 2016) and from a compilation of Sigmodontinae characters (Weksler
2006). The anatomical nomenclature is based on Voss (1988) and Weksler (2006) for the cranial morphology and
Reig (1977) and Pires et al. (2016) for the dentition. We inferred the levels of intra- and interspecific variation of
characters using frequency graphs. We considered as polymorphic characters those where the most common char-
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acter state has a frequency of less than 95%, a cutoff threshold that is historically used in the definition of polymor-
phism (Hartl & Clark 2007).

For morphometric analyses, we employed 12 cranial measurements taken with digital calipers to the nearest
0.01 mm. We used eight variables recorded by Pardifias & Teta (2011) in J. anoblepas hypodigm: Diastema Length
(DL), Incisive Foramen Breadth (IFB), Incisive Foramen Length (IFL), Interorbital Breadth (IOC), First Upper
Molar Breadth (M1B), Molar Row—Crown Length (MRC), Palatal Bridge Length (PBL), and Zygomatic Plate
Length (ZP); Palatal Breadth at First Molar (PB1) was excluded because of inter researcher measurement error. We
only analyzed adult specimens, i.e., specimens with all teeth erupted and with at least minimal wear (Oliveira et al.
1998), with complete set of measurements and grouped males and females due to lack of sexual dimorphism (#-tests,
p <0.05; not shown). We employed principal component analysis (Strauss 2010) to identify patterns of morphomet-
ric variation among species of Juliomys, and to compare J. anoblepas to other species of the genus; the analysis was
based on the covariance matrix of logarithmic-transformed data. We also computed descriptive statistics (average,
standard deviation, minimum and maximum) for each species. All statistical analyses were performed in R version
4.0.2 using RStudio (RStudio Team 2020).
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FIGURE 1. Map showing the collecting localities of specimens of J. pictipes (black circles), J. anoblepas (star), J. ossitenuis
(white circles), J. rimofrons (triangles), J. ximenezi (squares). Atlantic Forest extension is marked in gray and numbers corre-
spond to the localities listed in appendix 1.
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Results

The specimen of Juliomys anoblepas consists of the anterior portion of the skull, i.e., the rostrum, part of right
zygomatic arch, interorbital region until to the mesopterygoid fossa, with complete toothrow. The rostrum was in a
very fragile state, and was recently damaged (Fig. 2). The molar series are well preserved and, through its occlusal
surface, it is possible to infer that the specimen was a young adult.

Only six characters were variable among species of Juliomys and applicable to the hypodigm of J. anoblepas:
(1) posterior extension of nasals, (2) depth of zygomatic notch, (3) presence of frontal fontanella, (4) extension of
incisive foramina, (5) anterior cingulum, and (6) presence of enteroloph and enterostyle on M1-M2. Below, we pres-
ent the characters used in the literature to differentiate species of Juliomys and the new ones herein identified as be-
ing variable (i.e., posterior extension of nasals, shape of the supraorbital margin, anterior cingulum, and enteroloph
and enterostyle), and describe the pattern of morphological variation among and within species:

(1) Posterior extension of nasals: although the extension of nasals is a continuous trait, a distinction can be
perceived among individuals when the posterior termini of the nasals are compared to the triple point suture
between the lacrimal, maxillary, and frontal bones. For all Juliomys species, we found individuals with short
nasals (i.e., nasals not extending beyond the lacrimal-maxillary-frontal suture) or long nasals (i.e., reaching the
triple point suture plane) (Fig. 3). Even being polymorphic in all species, in J. pictipes the short nasals are more
frequent, while in J. rimofrons, and J. ossitenuis the long nasals are more frequent. In J. ximenezi, the frequency
of specimens with long and short nasals is basically the same (Fig. 4.1). The nasals are long in the hypodigm of
J. anoblepas.

(2) Zygomatic notch: a deep excavation of the zygomatic notch, created by a wide zygomatic plate with a rounded
anterodorsal margin (sensu Weksler 2006), never occurs in Juliomys, and variation in the degree of depth of the
zygomatic notch is continuous and inapplicable for specific diagnostic. Among our sample of Juliomys speci-
mens, the anterodorsal margin of the zygomatic plate is always straight, leading almost always to a little exca-
vated zygomatic notch (Fig. 5); only few specimens were recorded with a clearly more excavated zygomatic
notch (Fig. 4.2). The hypodigm of J. anoblepas presents a little excavated zygomatic notch.

(3) Frontal fontanelle: the frontal fontanella, also referred as frontal fontanelle (e.g., Hershkovitz 1962; Steppan
1995; Gardner & Anderson 2001) is a small opening in the dorsal frontal surface, resulting from the incomplete
intramembranous ossification of the embryonic frontal suture (Szabo-Rogers et al. 2016). It is present or absent
in specimens of J. pictipes, J. ossitenuis, and J. ximenezi (Fig. 5), suggesting a polymorphic character. Frontal
fontanella are found more frequently among J. ossitenuis (Fig. 4.3), and present in all three examined specimens
of J. rimofrons. The frontal fontanelle is present in the hypodigm of J. anoblepas.

(4) Incisive foramina: the extension of incisive foramina shows minor variation among Juliomys species, suggest-
ing that it does not represent a taxonomic diagnostic character (Fig. 4.4). We consider as long incisive foramina
those that extend beyond the plane of M1 alveoli, and short foramina those that reach the alveoli of M1 or are
slightly anterior to this point. The hypodigm of J. anoblepas displays incisive foramina that reach the alveoli of
M1 (i.e., short).

(5) Anterior cingulum: the anterior cingulum is a component of the procingulum, located anteriorly to the antero-
cone, with a lower relief than the cusp and delimited by a valley that does not open on the labial and lingual mar-
gins (see Pires et al. 2016). This structure is only present in few specimens of J. pictipes and J. ossitenuis (Fig.
4.5). A vestigial anterior cingulum, i.e., without delimitation of the valley and present as a discrete elevation,
was found in exemplars of J. pictipes, J. ossitenuis, and J. ximenezi (Fig. 3). The anterior cingulum is absent in
specimens of J. rimofrons and J. anoblepas.

(6) Enteroloph and enterostyle: the enteroloph is a lingual loph originating as an extension of the enterostyle and
connected to the median mure or to the posteromedial face of the protocone. The enterostyle is always present
in specimens of J. rimofrons, and J. pictipes, whereas the enteroloph can be present or absent in specimens of
the latter species (Fig. 3). The same pattern occurs in J. ossitenuis, except for four specimens that do not display
the enterostyle. The character is polymorphic in J. ximenezi: both structures can be absent (50% of specimens),
present (about 17%), or only the enterostyle is present (about 33%); in this case, the enterostyle is less conspicu-
ous in relation to other species (Fig. 4.6). The enteroloph and enterostyle are both absent in the hypodigm of J.
anoblepas.
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FIGURE 2. Dorsal, ventral, and lateral views of skull of J. anoblepas. 1—Photo modified from Pardifas & Teta (2011);
2—Photo by Kasper Hansen, illustrating the current state of preservation of the specimen. The specimen is housed at Lund
Collection (ZMUC), Copenhagen, Denmark, but it has no catalog number. Its recognition is unquestionable by Winge (1887)’s
description and illustration. Scale = 5 mm.
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FIGURE 3. Characters proposed herein and identified as polymorphic in Juliomys species. 1—Short nasal in the paratype
of J. rimofrons (MN46703); 2—Long nasal in the paratype of J. rimofrons (MN61646); 3—Anterior cingulum in J. pic-
tipes (UFES2269); 4—Vestigial anterior cingulum in J. ossitenuis (UFSM599); 5—Anterior cingulum absent in J. ossitenuis
(MN81912); 6—Enteroloph and enterostyle, both present in J. pictipes (MN77793); 7—Only enterostyle present in J. pictipes
(UFSM517); 8&—Both absent in the holotype of J. ximenezi (MCNUS868). Line = triple point lacrimal-maxillary-frontal suture;
arrow = extension of nasal; ac = anterior cingulum; el = enteroloph; es = enterostyle. Scale =2 mm in images 1-2 and 1 mm in
images 3-8.
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(7) Interorbital region: the interorbital region of Juliomys is always hourglass shaped, and the supraorbital crests
are absent. Differences in the region are found in relation to the supraorbital margin, which is squared in speci-
mens of J. pictipes, and rounded in J. rimofrons and J. ossitenuis (Fig. 5). J. ximenezi specimens commonly
have slightly squared supraorbital margins, and are here defined as an intermediate state, i.e., they are not
strictly squared margin as in J. pictipes nor completely rounded with the lateral margin of the frontal visible
in dorsal view. The shape of the supraorbital margin is a diagnostic character, but it cannot be evaluated in J.
anoblepas due to its fragmentary condition.

(8) Posterolateral palatal pits: no variation was found in relation to the size of the posterolateral palatal pits in J.
pictipes, J. rimofrons, J. ossitenuis, and J. ximenezi (Fig. 5). This structure cannot be evaluated in J. anoblepas.
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FIGURE 4. Frequency of states related to characters that can be applied to J. anoblepas. 1—Extension of the nasal; 2—Depth
of the zygomatic notch; 3—Frontal fontanelle; 4—Extension of the incisive foramen; 5—Anterior cingulum; 6—Enteroloph
and enterostyle. Numbers in bars correspond to number of specimens that have each state. Abbreviations: pic = J. pictipes, 0ss

= J. ossitenuis, rim = J. rimofrons, and Xxim = J. ximenezi.
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FIGURE 5. Characters previously proposed as diagnostic, and herein identified as polymorphic or invariable. 1—Little exca-
vated zygomatic notch in J. pictipes (MN81096); 2—Zygomatic notch more excavated in J. pictipes (MN69764); 3—Frontal
fontanelle absent in J. pictipes (UFES2421); 4—Frontal fontanelle present in J. pictipes (UFES2432); 5—8—Interorbital region
is hourglass shaped in all specimens of Juliomys: note differences in the shape of supraorbital margin, which is squared in J.
pictipes (Fig. 5.5, MN77793), rounded in J. ossitenuis (Fig. 5.6, MN81085), rounded in J. rimofrons (Fig. 5.7, MN46703),
and slightly squared in J. ximenezi (Fig. 5.8, MCNUS868); 9—10—Posterolateral pits with same size in J. ossitenuis (Fig. 5.9,
MNS81852), and in J. pictipes (Fig. 5.10, MZUSP32666). Horizontal arrow = frontal fontanelle; inclined arrow = supraorbital

margin. Scale =2 mm in images 1-8 and 1 mm in images 9-10.
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All eight measurements of J. anoblepas holotype fall within the minimum-maximum range observed for J.
pictipes (Table 1), while six measurements are within the range of J. ossitenuis. In turn, only DL was within the
range of J. rimofirons, and IFB and MRC within the range of J. ximenezi, but the two latter taxa have small sample
size (n = 3 and 12, respectively). Principal component analysis produced a similar result. The biplots of the first
3 principal components (Fig. 6), which account for 76.8% of the total variance, reveal an overall juxtaposition of
the species scores in the multivariate space. J. pictipes is slightly separated from J. ossitenuis, J. rimofrons, and J.
ximenezi in the second component, but the scores of remaining species overlap in all components. The PCA score
for J. anoblepas is within the range for J. pictipes and J. ossitenuis for the first 3 components.

TABLE 1. Skull measurements (in mm) of the type specimen of J. anoblepas and descriptive statistics for all other
Juliomys species. Values are given as average (standard deviation) minimum-maximum. See Material and Methods for
measurements acronyms.

Taxon J. anoblepas J. pictipes J. rimofrons J. ossitenuis J. ximenezi
(n=1) (n=114) (n=3) (n=45) (n=12)
PBL 4.29 3.88(0.25) 3.69 (0.16) 3.56 (0.27) 3.66 (0.20)
3.27-4.49 3.52-3.83 2.91-4.67 3.34-3.97
zp 2.38 2.24 (0.20) 2.08 (0.15) 2.08 (0.18) 2.05(0.13)
1.71-2.67 1.92-2.21 1.60-2.53 1.85-2.23
10C 4.14 4.02 (0.19) 3.69 (0.11) 3.73 (0.12) 3.81(0.13)
3.56-4.97 3.58-3.79 3.51-3.98 3.64-4.02
DL 6.39 5.91(0.44) 6.02 (0.61) 6.09 (0.42) 5.65(0.44)
4.76-6.90 5.33-6.45 4.95-6.99 4.69-6.27
IFL 5.25 4.40 (0.36) 4.93 (0.27) 4.69 (0.45) 4.70 (0.39)
3.60-5.52 4.67-5.21 3.34-5.50 3.96-5.23
IFB 1.77 1.63 (0.14) 1.63 (0.06) 1.71 (0.13) 1.71 (0.14)
1.24-1.96 1.58-1.70 1.43-1.98 1.49-2.01
MRC 4.13 3.89(0.14) 3.83 (0.11) 3.75(0.12) 3.81(0.21)
3.61-4.72 3.70-3.91 3.374.02 3.45-4.23
MI1B 1.19 1.06 (0.05) 1.11 (0.03) 1.02 (0.04) 1.01 (0.06)
0.96-1.21 1.09-1.15 0.90-1.15 0.91-1.15
Discussion

Based on the cranial and dental morphology of the hypodigm of C. anoblepas and the variation observed on current
species of Juliomys, we corroborate the results of Pardifias & Teta (2011) and confirm the allocation of the taxon
as a member of Juliomys. However, the specific identification of the fossil is hampered by its fragmentary nature.
The detailed review of cranial and dental systems of Juliomys and the evaluation of characters used in the literature
(Oliveira & Bonvicino 2002; Costa et al. 2007; Pardifas et al. 2008b; Pardifias & Teta 2011; Pavan & Leite 2011;
Aguieiras et al. 2013; Fonseca et al. 2013; Gonzdlez et al. 2015; Christoff et al. 2016) revealed that there are no
characters for specific identification, at least in the available portion of the Juliomys anoblepas hypodigm. The spe-
cific identification is also obstructed by high level of morphological polymorphism. The number of characters for
Juliomys species in the anterior portion of skull and molar series is very reduced, and we discuss them below.

The degree of depth of the zygomatic notch has been used as a taxonomic feature, being considered deep in J.
pictipes and shallow in other species (Costa ef al. 2007; Pardifias & Teta 2011; Gonzalez et al. 2015; Christoff et al.
2016), or shallow in all Juliomys species (Pavan & Leite 2011). Our analysis showed that this trait is continuous,
with little intraspecific variation only observed in J. pictipes, and J. ossitenuis. We conclude that the genus have
intermediate (sensu Weksler 2006) degree of depth of the zygomatic notch.

The frontal fontanella is described as a diagnostic feature, being consistently present in J. rimofrons and J.
anoblepas (Oliveira & Bonvicino 2002; Costa et al. 2007; Pardifias & Teta 2011; Christoff et al. 2016). However,
as both taxa are represented by few specimens in collections, and considering that this character is polymorphic in
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FIGURE 6. Scatterplot results of principal component analysis of log-transformed cranial measurements. Juliomys anoblepas
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3, J. rimofrons (MN61647); and 4, J. ximenezi (MCNUS868).
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other species of Juliomys (see Fig. 4; see also Costa et al. 2007; Pardifas et al. 2008b; Christoff et al. 2016), ad-
ditional samples are required to establish if this feature could be used diagnostically.

The extension of the incisive foramina shows little variation among the species, being a polymorphic character.
Other authors considered the incisive foramina as long in J. rimofions (reaching slightly beyond anterior plane of
first molars), intermediate in J. ossitenuis, and short in J. pictipes (Oliveira & Bonvicino 2002; Costa et al. 2007,
Pardifias & Teta 2011). J. anoblepas hypodigm has incisive foramina reaching the alveoli of M1 (short), which is a
condition within the variation range of all species.

The enteroloph and enterostyle were herein described for the first time as a character for Juliomys species. The
enterostyle is apparently absent in the hypodigm of J. anoblepas (see Fig. 2). This structure is found in the majority
of the Juliomys species, except in four specimens of J. ossitenuis, and in J. ximenezi, which display some intraspe-
cific variation. Thus, the absence of enterostyle in J. anoblepas can represent: (1) a feature that in combination with
another diagnostic character could lead to identification of J. anoblepas as a valid species, or (2) an evidence that J.
anoblepas is the same species of J. ossitenuis or J. ximenezi. As many characters cannot be applied to J. anoblepas
due to its fragmentary condition, we do not know if the absence of the enterostyle is a feature that in combination
with other allow its specific recognition. Besides that, the presence of a single fossil specimen precludes discussions
about frequency of variation. We consider that establishing a specific identification of a fossil based on absence of
enterostyle is a fragile decision.

The interorbital regions of all analyzed specimens of Juliomys were here considered as hourglass shaped, rep-
resenting an invariable feature of the genus. This finding is at odds with previous studies, in which the shape of
the interorbital region was considered as wide and anteriorly convergent in J. pictipes, and narrow and hourglass
shaped in the remaining species (Costa et al. 2007; Pardifias et al. 2008b; Pardinas & Teta 2011; Gonzalez et al.
2015; Christoff et al. 2016). The variation found in relation to the shape of supraorbital margin, however, may be
considered as a diagnostic character (see results), but it cannot be evaluated in J. anoblepas.

No variation was found among Juliomys species in relation to the size of the posterolateral palatal pits. This
structure was considered large in J. pictipes and J. rimofrons, and small in J. ossitenuis and J. ximenezi (Costa et
al. 2007; Pardifias & Teta 2011; Aguieiras et al. 2013; Gonzalez et al. 2015; Christoff e al. 2016). The size of the
posterolateral palatal pits could not be evaluated in J. anoblepas due to its fragmentary condition.

Taxonomic status of J. anoblepas

Pardifias & Teta (2011) proposed the allocation of C. anoblepas within Juliomys and mentioned that comparisons
between J. anoblepas and other living species of Juliomys are difficult to make due to the fragmentary nature of
the fossil, the incomplete knowledge, the scarce number of specimens deposited in collections, and its dispersion
across several museums. The authors also provided a summary of the skull characters among species of Juliomys,
highlighting the set of states that differentiated J. anoblepas from the other species. Moreover, authors also pointed
craniodental measurements as a factor that corroborated the proposition of the new nomenclatural combination. For
these reasons, Pardifias & Teta (2011) decided to keep the fossil as a putative extinct form of the Juliomys under the
combination of J. anoblepas (Winge 1887).

Our results diverge from that of Pardifias & Teta (2011) because features presented by them as diagnostic for
J. anoblepas are polymorphic, continuous or invariable, and the available material is incomplete to determinate
the states of the characters (Table 2; see also Figs. 3-5). The holotype, the only known specimen of J. anoblepas,
consists of an anterior portion of the skull and molar series, in which no taxonomic character allow its differentia-
tion from the other species. In addition, Pardifias & Teta (2011) used a small sample size that did not cover all the
Juliomys geographic distribution, and the recently described J. ximenezi was not included in their studied. Finally,
our analyses show that J. anoblepas cannot be morphometrically differentiated from other species, in particular
from J. pictipes and J. ossitenuis.

Our results point to three taxonomic possibilities that can be applied to J. anoblepas: (1) consider one of the
living species of the genus as its junior synonym; (2) keep the current nomenclatural combination; or (3) consider
J. anoblepas as a nomen dubium. Each possibility is discussed below:
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(1) To associate any living species to J. anoblepas would be a random decision due to the absence of taxonomic
diagnostic features in the anterior portion of skull and in molar series of Juliomys. Because J. anoblepas was
described before the other species of the genus, the name has priority (ICZN 1999). If we designate the hy-
podigm as the type of any living species, we will lose several diagnostic features (external, skull, postcranial,
cytogenetic, and molecular) that cannot be recuperated for J. anoblepas. Thus, we will be replacing a type speci-
men with many taxonomic characters by another with none. We therefore consider this decision as arbitrary and
detrimental to our taxonomic understanding of the genus, and reject this possibility.

(2) To consider J. anoblepas as a valid species, it is necessary morphological evidence. Our results demonstrate
that this fossil, in a fragile state of preservation, has only available the anterior part of skull and the molar series.
Variable characters in this region are polymorphic and, therefore, it is within the variation range that can cor-
respond to any of the living species. The single feature that could be diagnostic, the absence of enterostyle and
enteroloph, is also found in some specimens of J. ossitenuis and J. ximenezi. Therefore, no conclusion can be
reached about the differentiation of this taxon from the others.

(3) A Nomen dubium is a term that refers to a name of unknown or dubious application, as defined by the Interna-
tional Code of Zoological Nomenclature (ICZN 1999: article 75.5). A nomen dubium means that the available
evidence for the type bearing a name is insufficient to allow the recognition of the zoological species for which
it is applied. Examples of nomina dubia are common in vertebrate paleontology (Mones 1989), and have already
been recorded for the fauna of Lagoa Santa, e.g., in Calomys plebejus Winge 1887 (= Delomys plebejus) (Voss
1993), and Lonchophorus fossilis Lund 1840 (= Phyllomys fossilis) (Emmons et al. 2002). Because there are no
characters that clearly distinguish J. anoblepas from the other Juliomys species, we consider the identification
of J. anoblepas as questionable. Without additional fossil material that can provide morphological information
to complement and clarify its true taxonomic identity, we propose J. anoblepas as a nomen dubium and restrict
its name to the taxon’s hypodigm.
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