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The marsupials of the family Didelphidae went through profound taxonomic rearrangements in recent decades,
mainly related to an increase in the number of specimens deposited in scientific collections and the inclusion of
molecular data in systematic analyses, resulting in better resolved phylogenies and taxa delimitation. Analyses of
a large series of the gracile mouse opossum Gracilinanus agilis, including types and complementary material,
recovered specimens assignable to Marmosa agilis peruana Tate, 1931 as a monophyletic group that is diagnos-
able by unique morphological, morphometric and molecular datasets, meriting its recognition as a full species.
Here we provide an emended diagnosis, description and comparisons with congeners for G. peruanus. The former
species differs from the latter by the dull reddish dorsal pelage, smaller general size, position of the maxillary
fenestrae, presence of accessory cusps in upper canines, and morphology of the alisphenoid tympanic process. It
ranges from central Peru to central Bolivia and western Brazil in the states of Rondonia and northwestern Mato
Grosso, where it occurs in sympatry with G. agilis. Many collecting localities lie in areas with high diversity of
non-volant small mammals and accelerated deforestation processes, highlighting its importance in terms of bio-
geographic studies and conservation policies.
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INTRODUCTION sums, Gardner & Creighton (1989) have elected five

R h
For the superficially similar small-bodied didelphid mar- genera to encompass distinctive groups that were once

. . . gathered under the genus Marmosa (sensu Tate, 1933).
supials with dark masks surrounding the eyes and long

hensile tail 11 - od Along with Marmosa Gray, 1821, Marmosops Matschie,
prehensile talls, generally recognized as mouse 0pos- 4916 Aicoureus Lesson, 1842, and Thylamys Gray, 1843,

Gracilinanus was proposed as a new genus by the afore-
mentioned authors to account for Tate’s (1933)
*Corresponding author. E-mail: thiagosemedo@gmail.com microtarsus species group. Since then, the contents of
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Gracilinanus Gardner & Creighton, 1989 have changed
drastically. Hershkovitz (1992) provided the only re-
vision of the genus, reporting nine valid species; however,
in the first decade of the 21st century, several nominal
taxa were recovered from the synonymies proposed by
Hershkovitz (1992) and most of them were assigned
to new genera, such as formosa Shamel, 1930, as-
signed to Chacodelphys by Voss, Tarifa & Yensen (2004);
and agricolai Moojen, 1943, chacoensis Tate, 1931,
guahybae Tate, 1931, ignitus Diaz, Flores & Barquez,
2002, and unduaviensis Tate, 1931, all assigned to
Cryptonanus by Voss, Lunde & Jansa (2005). In ad-
dition, kalinowskii Hershkovitz, 1992 was assigned to
Hyladelphys by Voss, Lunde & Simmons (2001). There-
fore, as currently defined, the genus Gracilinanus is
composed of six valid species: Gracilinanus aceramarcae
(Tate, 1931); Gracilinanus agilis (Burmeister, 1854);
Gracilinanus dryas (Thomas, 1898); Gracilinanus emiliae
(Thomas, 1909); Gracilinanus marica (Thomas, 1898);
and Gracilinanus microtarsus (Wagner, 1842) (Voss &
Jansa, 2009).

Species of Gracilinanus are small, arboreal opos-
sums restricted to tropical and subtropical forested
habitats in South America, ranging from Colombia to
south-eastern Brazil, northern Uruguay, and the Prov-
ince of Misiones, Argentina (D’Elia & Martinez, 2006;
Teta et al., 2007; Creighton & Gardner, 2008). The genus
range also includes eastern Panama (Voss, Fleck &
Jansa, 2009: table 4). Three species are known to occur
in Brazil: G. agilis, from moist and dry forests of central
Brazil; G. emiliae, from lowland rainforests and also
along gallery forests within some savanna-dominated
landscapes in central and northern South America; and
G. microtarsus, from the Atlantic rainforest (Creighton
& Gardner, 2008; Voss et al., 2009; Léss, Costa & Leite,
2011).

Among the Brazilian species, G. emiliae is the most
distinctive of the genus, being easily distinguished from
its counterparts by diagnostic morphological traits such
as warm reddish brown dorsal pelage, completely self-
white underparts, and a distinctively longer tail (Voss
et al., 2009). Regarding cranial morphology, this species
exhibits a beaded interorbital region, has small or absent
maxillary fenestrae, and consistently presents posteri-
or accessory cusps in the upper canines (Voss et al.,
2009).

The other two species in Brazil, which are morpho-
logically similar and occur in sympatry in a few lo-
calities within their geographic distribution, only recently
had their taxonomic status clarified by Costa, Leite
& Patton (2003). It had been suggested that G. agilis
could be a conspecific or even a subspecies of
G. microtarsus (see Hershkovitz, 1992; Gardner, 1993);
however, Costa et al. (2003) provided morphological and
molecular evidence that these taxa should be treated
as distinct species (14.9% of mean genetic distance based

on mitochondrial cytochrome b, Cytb, sequences).
Gracilinanus agilis differs from G. microtarsus by a
combination of external and craniodental traits. Ex-
ternally, G. agilis exhibits greyish brown dorsal pelage,
whereas G. microtarsus is chestnut brown; ventrally,
G. agilis and G. microtarsus are quite similar, with grey-
based hairs and buff underparts, only differing by the
extension of the grey-based hairs, which cover the
ventral surface from the throat to the anus in
G. microtarsus, but extend from the lower chest to the
anus in G. agilis. Gracilinanus microtarsus also ex-
hibits a marked colour change between the muzzle and
dorsum, and a wide, blackish circumocular mask, versus
a gradual colour change and narrow mask in G. agilis
(Costa et al., 2003).

The craniodental characters in G. agilis and
G. microtarsus are very similar, but they can be dis-
tinguished by the posterolateral palatal foramina being
larger than the palatine fenestra in G. agilis versus
smaller in G. microtarsus, and by subequal upper pre-
molars (P2 and P3) in G. agilis versus P2 being dis-
tinctly taller than P3 in G. microtarsus (Costa et al.,
2003). In addition, G. microtarsus has longer tooth rows,
broader and shorter pterygoids, proportionally greater
breadth across the pars petrosa, longer skulls, wider
braincase, wider zygomatic arch, and a broader
interorbital region (Costa et al., 2003).

Regarding genetic diversity, Costa et al. (2003) re-
ported high levels of genetic divergence within
G. microtarsus (9.6% in Cytb sequences) suggesting a
species complex; however, this was not confirmed by
subsequent morphological analysis (Léss et al., 2011).
By contrast, these authors found low genetic diver-
gence (3.9% for Cytb) between clades of G. agilis from
central, north-eastern, and eastern Brazil, not sup-
porting more than one taxon in the species. Similar
results were recently found by Faria et al. (2013) based
on two molecular markers (Cytdb and exon 28 of the
nuclear von Willebrand Factor, vWF) and a larger
number of specimens, but representing the same geo-
graphical range as described in the previous studies.

The samples studied by Faria et al. (2013) encom-
pass localities of several nominal taxa currently con-
sidered as junior synonyms of G. agilis, such as
Marmosa beatrix Thomas, 1910 and Marmosa blaseri
Miranda-Ribeiro, 1936, but not others, such as Marmosa
agilis buenavistae Tate, 1931, Marmosa agilis peruana
Tate, 1931, and Thylamys rondoni Miranda-Ribeiro,
1936 (Creighton & Gardner, 2008; Voss & Jansa 2009).
Indeed, the latter nominal taxa were described based
on specimens from central-western Brazil, an area that
represents a significant portion of the geographic
distribution of G. agilis and from where no samples
had been included in previous genetic studies. In this
sense, the question of whether G. agilis represents a
single taxonomic unit or a species complex remains
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unresolved until representative samples from the entire
geographic range of this taxon are included. Creighton
& Gardner (2008) have previously stressed this point
when observing the variation in pelage coloration
within G. agilis, which ranges from dusky grey to dull
reddish brown, stating that this group urgently needs
a revision.

In this paper, we describe the morphological and genetic
variation in specimens of Gracilinanus from central—
western Brazil, and propose that Marmosa agilis peruana
Tate, 1931, currently regarded as a junior synonym of
G. agilis, be elevated to the full species category.

MATERIAL AND METHODS
MOLECULAR ANALYSES

Samples

Partial sequences of the mitochondrial Cytb gene
(801 bp) were obtained for 20 specimens identified by
the authors as G. agilis from western Mato Grosso state,
Brazil (Fig. 1). In addition, we downloaded available
sequences from GenBank (http:/www.ncbi.nlm.nih.gov/
GenBank/) representing the other valid species of
Gracilinanus, such as G. aceramarcae, G. emiliae, and
G. microtarsus (Fig. 1). We also obtained sequences from
GenBank of Cryptonanus unduaviensis, Marmosops
impavidus (Tschudi, 1845), and Marmosa murina
(Linnaeus, 1758) for use as out-groups, and to root the
trees in our phylogenetic analyses (Table 1). Out-
group taxa were chosen based on the phylogenetic
results of Voss & Jansa (2009). The sequences ob-
tained in this study are deposited in GenBank under
the following accession numbers: KIM066014—KMO066033.

Laboratory procedures

DNA was extracted from ethanol-preserved tissues using
phenol-chloroform and proteinase K RNase methods
(Sambrook, Ritsch & Aniatis, 1989). The sequences were
amplified by polymerase chain reaction (PCR) using
primers: GluMarsF1 (5-AACCATAACCTATGGCATGAA-
3") and CytbMarsR2 (5-GTGGAAKGCRAARAATCGDGT-
3’). The PCR analysis was performed with a final volume
of 13 uL, comprising the following: 5.2 uL. of H,0;
1.5 uLL of MgCl; (2.5 mM); 1.25 uL of ANTP (2.5 mM);
1.25 uL of 10x buffer (100 mM Tris-HCI, 500 mM KCD);
1 pL of forward primer (0.2 uM); 1 uL of reverse primer
(0.2 uM); 0.8 uL of Taq DNA polymerase (1 U uL); and
1 uL of genomic DNA. PCR conditions used a pre-
heating step of 94 °C for 1 min, followed by 35 cycles
of 94 °C for 1 min, 55 °C for 1.30 min, 1 minute at 72 °C,
and a final extension at 72 °C for 10 min. PCR prod-
ucts were cleaned using Exonuclease I and Shrimp Al-
kaline Phosphatase (Fermentas), and sequenced using
automatic sequencer ABI 3130xl Genetic Analyzer (Life
Technologies).

Sequence alignments and phylogenetic analyses

The partial Cytb sequences, which did not show any
insertions or deletions (indels), were manually edited
with BioEdit 7.1 (Hall, 1999) and confirmed by trans-
lating the DNA data into putative amino acid se-
quences. Diagnostic sites for each taxon were identified
in the R package SPIDER (Brown et al., 2012). We used
jModelTest (Posada, 2009) to determine the best model
of sequence evolution that fits the evolutionary pa-
rameter values for the data. We determined the tran-
sitional model with the y parameter (TIM+G; Posada,
2006) to be the most likely model of sequence evolu-
tion, selected via the Akaike information criterion (AIC).
Maximum-likelihood (ML) phylogenetic analysis was
performed using the program Treefinder (Jobb, von
Haeseler & Strimmer, 2004), and Bayesian inference
(BD) phylogenetic analysis was performed using the
program MrBayes 3.2 (Ronquist et al., 2012) under the
TIM+G model of molecular evolution. We also con-
ducted maximum parsimony analysis (MP) in
PAUP* 4.0b10 (Swofford, 2002) using a heuristic search
and the tree bisection and reconnection (TBR) branch-
swapping algorithm. Nonparametric bootstrapping based
on 1000 replicates was performed for both analyses.
Mean Kimura 2-parameter (K2P; Kimura, 1980) dis-
tances within and between groups were calculated in
MEGA 5.0 (Tamura et al., 2011). The K2P model was
chosen to allow comparison with divergence esti-
mates reported in previously published studies involv-
ing Gracilinanus species (Léss et al., 2011; Faria et al.,
2013).

MORPHOLOGICAL AND MORPHOMETRIC ANALYSES

Samples

We examined a total of 194 specimens (Appendix), in-
cluding holotypes, paralectotypes, topotypes, and im-
portant complementary material in the genus
Gracilinanus (Fig. 1). The examined material com-
prised either skin and skull, fluid preserved and skull,
or only fluid-preserved specimens, deposited in the fol-
lowing collections (listed with their standard institu-
tional abbreviations): American Museum of Natural
History, New York, USA (AMNH); Natural History
Museum, London, UK (BMNH); Colecdo de Mamiferos
da Universidade Estadual de Mato Grosso, Campus
de Nova Xavantina, Nova Xavantina, Brazil (CM);
Instituto Nacional de Pesquisa da Amazénia, Manaus,
Brazil (INPA); Museu Nacional, Universidade Federal
do Rio de Janeiro, Rio de Janeiro, Brazil (MN); Museo
Noel Kempff Mercado, Santa Cruz, Bolivia (MNK);
Museu Paraense Emilio Goeldi, Belém, Brazil (MPEG);
Museu de Zoologia da Universidade de Sdo Paulo, Sao
Paulo, Brazil (MZUSP); Coleg¢do Zoolégica da
Universidade Federal de Mato Grosso, Cuiaba, Brazil
(UFMT), and Universidade Federal da Paraiba, Joao
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Table 1. List of sequenced specimens included in the molecular analyses of cytochrome b

GenBank

Voucher accession
Species number number Locality (numbers) Reference
Gracilinanus aceramarcae MUSM 13002 HQ622162 Peru: Junin, Cordillera de Vilcabamba (68) Loéss et al. (2011)
Gracilinanus agilis MZUSP 35186 KMO066018  BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis MZUSP 35187  KMO066017  BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis MZUSP 35188 KMO066022 BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis MZUSP 35190 KMO066021  BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis MZUSP 35191 KM066020 BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis MZUSP 35192 KMO066016  BR: MT, Parna Pantanal (32) This study
Gracilinanus agilis UFMT 2043 KM066019 BR: MT, Fazenda Eldorado (34) This study
Gracilinanus agilis UFMT 1039 KM066025 BR: MT, Margem esquerda do Rio Cumbuco (36)  This study
Gracilinanus agilis UFMT 3818 KMO066015  BR: MT, Jaciara/Jucumeira (37) This study
Gracilinanus agilis UFMT 3817 KM066014  BR: MT, Jaciara/Jucumeira (37) This study
Gracilinanus agilis CM 598 KM066024  BR: GO, Alta Cachoeira (48) This study
Gracilinanus agilis UFMT 3892* KM066023  Mato Grosso, Brazil This study
Gracilinanus agilis UFMG 2497 HQ622159 BR: MT, Base de Pesquisas do Pantanal (49) Loéss et al. (2011)
Gracilinanus agilis UFMG 2504 HQ622149  BR: CE, Chapada do Araripe (50) Léss et al. (2011)
Gracilinanus agilis UFMG 2495 HQ622155 BR: MG, Ponte do Colatino (59) Loss et al. (2011)
Gracilinanus emiliae MUSM 15292 HM583367  Peru: Nuevo San Juan, Rio Galvez (69) Giarla et al. (2010)
Gracilinanus microtarsus UFMG 25377 HQ622166  BR: SP, Floresta Nacional de Ipanema (51) Loéss et al. (2011)
Gracilinanus microtarsus MHNCI 2793 HQ622163 BR: PR, Piraquara (60) Léss et al. (2011)
Gracilinanus microtarsus MN 31445 HQ622173 BR: MG, Lagoa Santa (52) Loéss et al. (2011)
Gracilinanus peruanus INPA 6741 KM066033  BR: MT, Fazenda Quatro Meninas (14) This study
Gracilinanus peruanus INPA 6740 KM066029  BR: MT, Fazenda Agua Limpa (15) This study
Gracilinanus peruanus INPA 6739 KM066028 BR: MT, Fazenda Araputanga (16) This study
Gracilinanus peruanus INPA 6738 KM066030 BR: MT, Fazenda Araputanga (16) This study
Gracilinanus peruanus INPA 6737 KM066032  BR: MT, Fazenda Alto Jauru (18) This study
Gracilinanus peruanus INPA 6736 KM066031 BR: MT, Fazenda Alto Jauru (18) This study
Gracilinanus peruanus UFMT 1379 KMO066027  BR: MT, Serra do Expedito (22) This study
Gracilinanus peruanus UFMT 3816 KM066026  BR: RO, Chupinguaia (23) This study
Cryptonanus unduaviensis ~ AMNH 262401 HM583366  BO: Pando, Independenciai Giarla et al. (2010)
Marmosops impavidus MSB 57002 HM583368 BO: Pando, Palmira: Giarla et al. (2010)
Marmosa murina MVZ 197421 HM106391 BR: MT, Fazenda Sao Luist Gutiérrez et al. (2010)

For each species, the voucher number, GenBank accession number, and locality is provided; Brazilian (BR) states are CE (Ceard), GO
(Goias), MG (Minas Gerais), MT (Mato Grosso), PR (Parand), RO (Rondénia), SP (Sdo Paulo), and BO for (Bolivia). The acronyms of the
scientific institutions are as follows: MHNCI: Museu de Histéria Natural Capédo da Imbuia, Curitiba; MSB: Museum of Southwestern
Biology, Albuquerque; MUSM: Museo de Historia Natural de la Universidad Nacional Mayor de San Marcos, Lima; MVZ: Museum of
Vertebrate Zoology, Berkeley; UFMG: Universidade Federal de Minas Gerais, Belo Horizonte. See the Appendix for the locality names

and locality numbers plotted on the map (Fig. 1).

*Specimen of Gracilinanus agilis from Mato Grosso state, Brazil, with no specific locality.
TSpecimen from the type locality of Gracilinanus microtarsus (Léss et al., 2011).
iFor locality, see Giarla et al. (2010) and Gutiérrez et al. (2010); these were not shown on the map of Figure 1.

Pessoa, Brazil (UFPB). We also analysed uncatalogued
specimens collected by Manoel dos Santos Filho (field
acronym MSF) that will be deposited in INPA and the
Universidade Estadual de Mato Grosso, Campus de
Caceres, Caceres, Brazil (UNEMAT).

The types of nominal taxa that were analysed under
the G. agilis complex were Marmosa beatrix Thomas,
1910 (holotype BMNH 11.4.23.24, skin/skull), Marmosa
agilis buenavistae Tate, 1931 (holotype BMINH 26.12.4.91,
skin/skull), Marmosa agilis peruana Tate, 1931 (holotype
BMNH 27.11.1.268, skin/skull, and topotype
BMNH 27.11.1.269, skin/skull), Marmosa blaseri
Miranda-Ribeiro, 1936 (holotype MN 1250, skin/
skull), and Thylamys rondoni Miranda-Ribeiro, 1936

(paralectotype MN 1276, skin/skull). We also exam-
ined the types of four currently valid species: Gracilinanus
aceramarcae (Tate, 1931) (AMNH 72568, skin/skull),
Gracilinanus dryas (Thomas, 1898) (BMNH 98.5.15.2,
skin/skull), Gracilinanus emiliae (Thomas, 1909)
(BMNH 9.3.9.10, skin/skull), and Gracilinanus marica
(Thomas, 1898) (BMNH 98.5.15.1, skin/skull). Al-
though the holotype of Gracilinanus agilis (Burmeister,
1854), deposited at the Zoologisch Museum, Halle,
Germany, was not examined, we used the original de-
scription (Burmeister, 1854) and the description of Tate
(1933) for reference.

Comparative analyses of external and craniodental
morphology were performed by examination of the
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material to hand (skin/skull and fluid). We examined
the following characters: dorsal and ventral pelage col-
oration; tail coloration; morphology of tail scales and
hairs; extension of rostral bones; patterns of the
supraorbital margins; patterns of palatal fenestrae; mor-
phology of the bones and patterns of the secondary
foramen ovale (represented by the anteromedial process
of the alisphenoid tympanic wing) in the auditory region;
and presence of accessory cusps on the upper canines.
We gave priority to comparisons among specimens of
the same sex and age classes in order to avoid char-
acters associated with sexual and age variation. No-
menclature for the external and craniodental morphology
followed Voss & Jansa (2003, 2009).

Age criteria

The specimens were grouped into different age classes
based on patterns of tooth eruption and exposure, using
the classification proposed by Rossi, Voss & Lunde
(2010b). To minimize ontogenetic variation, we only used
adults (age classes 6-9) in the statistical analyses.

Measurements

For the specimens assigned to the G. agilis complex,
we transcribed external body measurements (in mil-
limetres) and mass (in grams) from museum labels as
follows: total length (TL); length of head and body
(HBL); length of tail (LT); length of hind foot (HF);
and length of ear (Ear). For these specimens, we also
took 25 craniodental measurements using a digital
caliper recorded to the nearest 0.01 mm, whereas skulls
were viewed at low magnification under a stereomi-
croscope. The dimensions are illustrated and based on
the work of Rossi et al. (2010b: fig. 5). The measure-
ments were as follows: greatest length of skull (GLS,
from the anteriormost point of the premaxillae to the
posteriormost point of the braincase at the
supraoccipital); condylobasal length (CBL, from the oc-
cipital condyles to the anteriormost point of the
premaxillae); rostral length (RL, from the anteriormost
point of the nasals to the ventralmost lacrimal foramen),
nasal length (NL, the greatest length of either the right
or left nasal bone, whichever was longest); palatal length
(PL, from the anteriormost point of the premaxillae
to the posterolateral corner of the postpalatine torus);
length of maxillary tooth row (MTR, from the anteri-
or margin of the upper canine to the posterior margin
of M4); length of upper molar series (UMS, crown length
of the upper molars, from the anterolabial margin of
M1 to the posterior margin of M4); length of M4 (LM4,
length of the anteroposterior or mesiodistal dimen-
sion of the fourth upper molar crown across the paracone
and metacone); width of M2 (WMZ2, transverse dimen-
sion of the second upper molar, from the labial margin
of the crown at or near the stylar-A position to the
lingual apex of the protocone); height of upper canine

(HC, vertical dimension of C1, from the exposed labial
base to the tip of the tooth); palatal breadth (PB, across
the labial margins of M4 crowns); breadth across tym-
panic bullae (BTB, the greatest distance across the
lateral margins of the right and left alisphenoid tym-
panic processes); length of tympanic bullae (LTB, from
the anterior curvature of the alisphenoid tympanic
process to the posteriormost point of the petrosal pars
cochlearis); width of ectotympanic (WET, greatest width
of the ectotympanic); nasal breadth (NB, across the
triple-point sutures of the nasal, frontal, and maxil-
lary bones on each side); breadth of rostrum across
canines (BRC, across the labial bases of the upper
canines); breadth of rostrum between jugals (BRJ, across
the triple-point sutures of the jugal, lacrimal, and max-
illary bones on each side); least interorbital breadth
(LIB, at the narrowest point across the frontals between
the orbits, anterior to the postorbital processes, if
present); postorbital constriction (POC, at the narrow-
est point across the frontals between the temporal
fossae, posterior to the postorbital processes, if present);
breadth of braincase (BBC, from immediately above
the zygomatic process of the squamosal on each side);
zygomatic breadth (ZB, greatest breadth across the
zygomatic arches); length of mandible (LM, from the
anteriormost point of the mandible medial to the al-
veolus of i1 to the posteriormost point of the angular
process); length of lower molar series (LMS, crown
length of the lower molars, from the anterolingual
margin of m1 to the posterolingual margin of m4); length
of m4 (Lm4, anteroposterior or mesiodistal dimen-
sion of m4, from the paraconid to the hypoconulid);
width of m2 (Wm2, transverse dimension of m2, meas-
ured across the hypoconid and entoconid).

STATISTICAL ANALYSIS

Descriptive statistics were provided for the five exter-
nal and 25 craniodental measurements. Preliminary
analyses were performed to evaluate the normality using
a Kolmogorov—Smirnov test (Sokal & Rohlf, 1981). To
evaluate the sexual dimorphism in G. agilis and
G. peruanus (herein recognized as a valid species; see
Results section), we performed Student’s ¢-tests in the
craniodental dimensions. We also applied this test to
evaluate which dimensions are significantly different
between both species, considering males and females
separately.

Principal component analysis (PCA) and discrimi-
nant analysis (DA) were performed to verify whether
morphometric data were congruent with molecular and
morphological data sets. In this sense, the specimens
were identified a priori as G. agilis or G. peruanus, based
on the morphological diagnostic qualitative traits and
also on the molecular data (see Results). For both mul-
tivariate analyses, the entire data matrix was
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Figure 2. Maximum-likelihood phylogenetic hypothesis between specimens of Gracilinanus based on mtDNA cytochrome b
data, obtained using the TIM+G model. The numbers to the left and right of the branches are posterior probability and
bootstrap values for Bayesian inference (BI) and maximum-likelihood (ML) analyses, respectively. Bootstrap values for
maximum-parsimony (MP) analysis are below the branches (only values > 50% are shown). Numbers refer to localities
of specimens plotted in Figure 1 and listed in the Appendix. *Specimen of Gracilinanus agilis from Mato Grosso state,

Brazil, with no specific locality.

normalized using log-transformations to reduce the
effects of the magnitude of variables. For a closer com-
parison with holotypes, we did not include the cranial
dimension ZB (see Measurements section) in PCA and
DA, as some of the types had broken zygomatic arches.
All statistical analyses considered a significance
level at 5% and were performed using SPSS 13.0 for
Windows.

RESULTS
MOLECULAR ANALYSIS

The alignment of the partial mitochondrial Cytb gene
(starting from the first base of the first codon position)
resulted in 801 base pairs, of which 468 sites were con-
served, 333 were variable, and 239 were parsimony
informative. The topologies obtained for MP (not shown),
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Table 2. Inter- and intraspecific mean pairwise genetic distances between species of Gracilinanus inferred using the

Kimura two-parameter (K2P) evolutionary model

Intergroup genetic distance Intragroup
genetic

Taxon 1 2 3 4 5 distance

1. Gracilinanus emiliae 0.022 0.020 0.023 0.020

2. Gracilinanus agilis 0.168 0.019 0.020 0.018 0.023

3. Gracilinanus aceramarcae 0.143 0.136 0.019 0.017

4. Gracilinanus peruanus 0.182 0.160 0.155 0.017 0.041

5. Gracilinanus microtarsus 0.159 0.142 0.129 0.153 0.090

Mean values are below the diagonal and standard deviations values are above the diagonal.

Table 3. Matrix of molecular synapomorphies of Gracilinanus peruanus in comparison with other analysed Gracilinanus

species

Taxon 87 145 178 179 270 357 378 466 468 489
Gracilinanus aceramarcae T C C T C A C A T A
Gracilinanus agilis T C C T C A/T C A C A
Gracilinanus emiliae T C C T C A C A T A
Gracilinanus microtarsus T C A/C T C A C A C/T A
Gracilinanus peruanus C T T C T C A/G G A G

Column numbers indicate the position within the sequenced cytochrome b fragment obtained in the present study.

BI (not shown), and ML (Fig. 2) were similar in sup-
porting the monophyly of the genus Gracilinanus, with
support values of 56, 100, and 96%, respectively.
Gracilinanus emiliae appears in all of the analyses as
the sister taxon to all other species of Gracilinanus;
however, Cytb demonstrated limited resolution to recover
the phylogenetic relationships between Gracilinanus
species, particularly the relationships of G. peruanus,
which exhibited conflicting results among the ML, MP
(consensus of 11 most parsimonious trees, tree
length = 534), and BI analyses. In the ML topology,
G. peruanus appears as a sister taxon to G. aceramarcae
(Fig. 2), and this clade in turn is related to G. microtarsus.
In the MP consensus tree, there is a polytomy between
all of the Gracilinanus species in which the phylogenetic
relationships could not be fully resolved. In the BI phy-
logeny, G. peruanus appears as the sister species of the
G. aceramarcae + G. agilis clade.

The mean genetic distance values between
monophyletic groups that correspond to species ranged
from 12.9% between G. microtarsus and G. aceramarcae
to 18.2% between G. peruanus and G. emiliae (Table 2).
The intraspecific mean genetic distance values ranged
from 2.3% in G. agilis (15 specimens from ten distinct
localities) to 9.0% in G. microtarsus (three specimens
from three distinct localities). Comparisons involving
genetic distances of G. peruanus ranged from 15.5%
(with G. aceramarcae) to 18.2% (with G. emiliae). The

molecular synapomorphies of G. peruanus compared
with the other congeners are shown in Table 3. The
analyses (MP, BI, and ML) recovered G. peruanus as
a monophyletic group with a bootstrap value of 100%
(Fig. 2).

MORPHOMETRIC ANALYSES

The descriptive statistics for adult specimens of G. agilis
and G. peruanus herein examined are shown in Table 4.
For comparisons, we also provide measurements of the
following holotypes: Marmosa agilis peruana Tate, 1931,
M. a. buenavistae Tate, 1931, and M. beatrix Thomas,
1910.

In general, males exhibited larger external and
craniodental dimensions than females in both G. agilis
and G. peruanus (Table 4). Among the craniodental di-
mensions, those related to the length of the skull (GLS,
CBL, RL, NL, PL, and LM), the height of the canine
(HC), the breadth of the rostrum across the jugals (BRdJ),
and the zygomatic breadth (ZB) were statistically dif-
ferent between males and females in both species. By
contrast, the dimensions related to the upper and lower
molars, the bullar region, and the pos-orbital constric-
tion (POC) did not present sexual dimorphism. Twenty
craniodental dimensions were significantly different
between G. agilis and G. peruanus when considering
males and females separately (Table 5).
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Table 4. Descriptive statistics for external and craniodental dimensions (in millimetres) and mass (in grams) of adult
specimens (age classes 6-9) of Gracilinanus agilis, Gracilinanus peruanus, and related holotypes

Gracilinanus agilis

Gracilinanus peruanus

M. a. peruana® M. beatrix’ M. a. buenavistaei
Male Female Male Female Male Female Female
HBL 107.0 + 18.2 97.3+9.1 103.8 + 8.4 95.6 + 8.8 91.0 92.0 110.0
85.0-120.0 (22) 80.0-112.0 (21) 92.0-121.0 (16) 85.0-115.0 (12)
LT 139.7+ 114 129.3 +13.2 145.1 + 6.0 135.4 + 4.5 136.0 125.0 140.0
122.0-158.0 (28) 101.0-151.0 (21) 135.0-155.0 (16) 130.0-145.0 (12)
HF 20.8+1.8 20.6 £ 2.6 211+ 1.7 20.2 + 1.9 16.0 16.0 15.0
17.5-23.7 (28) 14.9-25.0 (21) 17.0-24.0 (16) 17.0-24.0 (12)
Ear 16.8+2.9 158 + 1.7 169+ 1.0 16.1+1.0 18.0 19.0 17.0
11.0-25.5 (16) 13.8-21.0 (16) 15.0-19.0 (16) 14.0-17.0 (12)
Mass 28.6 + 4.7 22.8 + 6.2 22.8+7.4 19.3 £ 10.0 - - -
20.0-34.0 (27) 12.0-41.0 (21) 12.0-39.0 (16) 10.0-49.0 (12)
GLS 29.60 + 1.00 28.3 +1.08 28.12 + 0.94 26.66 + 0.57 26.38 26.82 27.59
27.88-32.00 (30) 26.32-30.45 (23) 26.35-29.48 (31) 25.05-27.76 (22)
CBL 28.93 + 1.15 27.35 + 1.06 27.32 + 1.02 25.78 + 0.55 25.29 25.75 27.05
217.06-31.56 (30) 25.47-29.52 (23) 25.37-28.91 (31) 24.50-26.85 (22)
RL 10.90 + 0.54 10.34 + 0.63 10.16 + 0.53 9.69 + 0.41 9.24 9.16 10.17
10.02-12.28 (30) 9.30-11.51 (23) 9.18-10.92 (26) 9.05-10.33 (20)
NL 12.27 + 0.65 11.70 + 0.66 11.50 £ 0.5 10.84 + 0.52 10.35 11.32 11.60
10.65-13.70 (30) 10.76-13.48 (23) 10.57-12.25 (26) 9.30-11.73 (20)
PL 15.51 + 0.62 15.01 + 0.58 15.05 + 0.58 14.33 £ 0.39 13.74 14.22 15.11
13.83-16.5 (31) 14.00-16.34 (23) 13.21-15.80 (31) 13.58-15.13 (22)
MTR 10.77 + 0.54 10.70 + 0.32 10.42 + 0.21 10.07 £ 0.18 9.89 9.95 10.37
9.08-11.32 (30) 10.07-11.46 (23) 9.90-10.76 (31) 9.76-10.36 (22)
UMS 5.62+0.13 5.58 + 0.14 5.28 £ 0.12 5.28 + 0.10 5.18 5.20 5.22
5.31-5.82 (32) 5.25-5.88 (23) 4.90-5.55 (31) 5.02-5.46 (22)
LM4 0.84 +0.07 0.81 +0.07 0.72 + 0.06 0.70 + 0.05 0.67 0.84 0.83
0.71-0.96 (29) 0.71-1.02 (23) 0.62-0.90 (31) 0.62-0.82 (20)
WM2 1.64 + 0.07 1.62 +0.11 1.53 + 0.06 1.53 + 0.07 1.61 1.55 1.55
1.43-1.80 (32) 1.25-1.80 (23) 1.38-1.68 (31) 1.26-1.62 (22)
HC 2.19 £ 0.24 1.96 + 0.19 2.24 +0.26 1.95 +0.16 2.57 1.38 2.29
1.70-3.08 (31) 1.61-2.37 (23) 1.82-2.98 (31) 1.61-2.51 (22)
PB 9.06 + 0.31 8.86 + 0.35 8.25 +0.32 8.11+0.23 7.92 8.17 8.36
8.47-9.62 (30) 8.25-9.71 (23) 7.46-8.74 (31) 7.70-8.47 (22)
BTB 9.92 + 0.37 9.68 +0.33 9.54 +0.34 9.34 £ 0.37 9.04 10.12 10.07
9.25-10.8 (33) 9.1-10.16 (23) 8.8-10.58 (31) 8.82-10.11 (22)
LTB 4.90 + 0.24 4.73 £0.21 4.75 + 0.19 4.64 +£0.14 4.47 4.75 4.71
4.45-5.40 (29) 4.33-5.09 (23) 4.41-5.26 (31) 4.24-4.84 (22)
WET 1.21+0.12 1.16 + 0.07 0.99 +0.10 0.99 + 0.09 0.84 1.10 0.88
1.05-1.44 (25) 0.99-1.31 (18) 0.80-1.23 (30) 0.84-1.22 (21)
NB 3.58 £ 0.35 3.42 £ 0.22 3.08 £ 0.26 2.85 + 0.22 2.90 2.98 2.89
2.96-4.15 (30) 2.95-3.7 (23) 2.38-3.53 (31) 2.45-3.16 (22)
BRC 4.71 +0.27 4.51+0.21 4.49 +0.23 4.20 £ 0.20 4.22 4.12 4.46
4.3-5.50 (30) 4.13-4.89 (23) 3.87-4.82 (31) 3.80-4.59 (22)
BRJ 8.57 +0.43 8.09 + 0.51 8.69 + 0.50 7.91 +0.40 7.77 8.02 8.29
7.84-9.30 (30) 7.35-9.15 (23) 7.79-9.73 (31) 7.09-8.86 (22)
LIB 4.92 £ 0.22 4.77 £ 0.26 4.87 £0.22 4.69 +0.16 4.62 4.34 4.81
4.53-5.30 (33) 4.33-5.40 (23) 4.46-5.28 (31) 4.44-5.05 (22)
POC 5.14 £+ 0.24 5.16 £ 0.25 5.29 +0.21 5.31+0.17 5.96 4.95 5.39
4.73-5.60 (33) 4.40-5.55 (23) 4.66-5.67 (31) 5.04-5.62 (22)
BBC 11.63 + 0.42 11.27 £ 0.22 11.13 + 0.40 10.94 + 0.45 10.33 10.53 11.03
10.79-12.7 (30) 10.95-11.66 (23) 10.31-11.75 (31) 10.27-11.88 (22)
ZB 16.40 £ 0.71 15.74 £ 0.84 15.55 + 0.59 14.68 + 0.54 - 14.68 15.69
15.32-17.63 (30) 14.7-17.72 (22) 14.23-16.48 (31) 13.85-15.85 (22)
LM 20.56 + 0.76 19.71 + 0.90 19.31+0.79 18.34 + 0.60 18.54 19.00 20.05
19.05-22.09 (33) 17.94-21.54 (22) 16.68-20.41 (31) 17.17-19.66 (22)
LMS 6.28 £ 0.15 6.27 £ 0.19 5.75 £ 0.19 5.87 +0.23 5.70 5.97 6.07
5.94-6.51 (31) 6.00-6.69 (23) 5.12-6.18 (31) 5.62-6.75 (22)
Lm4 1.69 £ 0.09 1.74 £ 0.12 1.50 = 0.04 1.51 £ 0.05 1.42 1.54 1.50
1.54-1.90 (32) 1.55-2.00 (23) 1.35-1.58 (31) 1.39-1.62 (22)
Wm2 0.98 +0.10 1.01+0.10 0.87 + 0.06 0.85 + 0.05 0.82 0.93 0.90

0.83-1.20 (32)

0.77-1.16 (23)

0.76-0.98 (31)

0.72-0.92 (22)

Measurements are given as: mean + standard deviation; min—-max (sample size). For descriptions of measurements, see the Measurements section.
*Holotype (BMNH 27.11.1.268) of Marmosa agilis peruana (age class 6).
THolotype (BMNH 11.4.25.24) of Marmosa beatrix (age class 6).

fHolotype (BMNH 26.12.4.91) of Marmosa agilis buenavistae (age class 8).
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Table 5. Results of Student’s ¢-tests for sexual dimorphism in Gracilinanus agilis and Gracilinanus peruanus, and between

the species for males and females separately

G. agilis x G. peruanus G. agilis x G. peruanus

Gracilinanus agilis Gracilinanus peruanus Males Females
t P t P t P t P
GLS 4.533 0.000 6.503 0.000 5.964 0.000 6.351 0.000
CBL 5.106 0.000 6.473 0.000 5.774 0.000 6.217 0.000
RL 3.484 0.001 3.251 0.002 5.137 0.000 3.961 0.000
NL 3.166 0.003 4.371 0.000 4.960 0.000 4.692 0.000
PL 2.987 0.004 5.033 0.000 3.012 0.004 4.649 0.000
MTR 0.586 0.561 6.310 0.000 3.444 0.001 8.185 0.000
UMS 1.187 0.240 0.125 0.901 10.957 0.000 8.204 0.000
LM4 1.182 0.243 1.213 0.231 6.912 0.000 5.618 0.000
WM2 0.806 0.424 0.165 0.869 6.287 0.000 3.349 0.002
HC 3.794 0.000 4.667 0.000 -0.759 0.451 00.276 0.784
PB 2.104 0.040 1.847 0.071 9.893 0.000 8.569 0.000
BTB 2.383 0.021 2.126 0.038 4.160 0.000 3.332 0.002
LTB 2.647 0.011 2.502 0.016 2.608 0.012 1.767 0.084
WET 1.420 0.163 0.177 0.861 7.513 0.000 6.579 0.000
NB 1.891 0.064 3.295 0.002 6.355 0.000 8.785 0.000
BRC 2.970 0.005 4.782 0.000 3.511 0.001 5.090 0.000
BRJ 3.740 0.000 6.075 0.000 -0.990 0.326 1.282 0.207
LIB 2.239 0.029 3.088 0.003 0.927 0.358 1.238 0.223
POC -0.249 0.804 -0.454 0.652 -2.535 0.014 -2.370 0.022
BBC 3.775 0.000 1.588 0.118 4.866 0.000 3.135 0.003
7B 3.073 0.003 5.493 0.000 5.082 0.000 4.954 0.000
LM 3.791 0.000 4.855 0.000 6.461 0.000 5.964 0.000
LMS 0.280 0.780 -2.114 0.039 12.106 0.000 6.313 0.000
Lm4 -1.514 0.136 -0.667 0.508 10.320 0.000 8.207 0.000
Wm2 -1.012 0.316 1.149 0.256 5.418 0.000 6.458 0.000

In bold, significant values with P < 0.05. For measurement descriptions, see the Measurements section.

Table 6. Percentage of variance explained by the first three
components of the principal component analysis (PCA)

Principal

component % of variance Cumulative %
1 50.242 50.242

2 18.424 68.666

3 5.485 74.151

In the PCA, the first component corresponded to 50.2%
of the total variance and the second component
corresponded to 18.4% (Table 6). Except for pos-orbital
constriction (POC), all coefficients had positive values
in the first component, indicating that this component
is related to the general size of the skull. The nasal
breadth (NB) was the dimension that mostly contrib-
uted to the first component variance followed by the
width of the ectotympanic (WET), length of M4 (LM4),
width of m2 (Wm2), and length of m4 (Lm4) (Table 7).
By plotting the coefficients of the first and second prin-

cipal components, specimens that were previously iden-
tified as G. agilis or G. peruanus (based on qualitative
external and craniodental diagnostic traits) exhibited
narrow morphometric overlap in the plane of the first
two principal components (Fig. 3). The specimens con-
centrated in the left portion of Figure 3 were identified
as G. peruanus, including the holotypes of Marmosa
agilis buenavistae and M. a. peruana. The specimens
in the right portion correspond to G. agilis. The holotype
of M. beatrix, identified in this study as part of the
G. agilis species complex, is located in the lower part
of the scatter plot, on the border of the morphometric
range of G. agilis (Fig. 3).

In the discriminant analysis, the first function cor-
responded to 86.6% of the total variance and the second
function corresponded to 10.4% (Table 8). The vari-
able that mostly contributed to discriminate G. agilis,
G. peruanus, and the holotypes of Marmosa agilis
peruana, M. a. buenavistae, and M. beatrix in the first
discriminant function was CBL, followed by BRdJ, PB,
LM, and GLS, all of which were related to either
the length of the skull or the width of the rostrum
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Table 7. Coefficients of the first three components of the
principal component analysis (PCA)

Component

Variable 1 2 3

GLS 0.017 0.009 0.004
CBL 0.019 0.011 0.005
RL 0.023 0.010 0.003
NL 0.024 0.009 0.003
PL 0.014 0.011 0.006
MTR 0.013 0.004 0.001
UMS 0.013 -0.002 -0.002
LM4 0.039 -0.013 0.004
WM2 0.018 -0.002 -0.004
HC 0.011 0.051 -0.020
PB 0.022 -0.001 0.004
BTB 0.011 0.002 0.007
LTB 0.007 0.008 -0.002
WET 0.045 -0.010 -0.019
NB 0.046 0.001 0.006
BRC 0.021 0.011 0.008
BRJ 0.014 0.016 0.016
LIB 0.010 0.012 0.007
POC -0.006 0.000 -0.001
BBC 0.009 0.002 0.005
LM 0.019 0.011 0.003
LMS 0.016 -0.010 -0.004
Lm4 0.032 -0.011 -0.004
Wm2 0.034 -0.021 -0.002

In bold, the five larger values for each component.

(Table 9). When we plotted the coefficients of the first
and second discriminant functions, we obtained three
well-separated groups (Fig. 4). The specimens on the
upper left portion of the figure represent G. peruanus,
as well as the holotypes of Marmosa agilis buenavistae,
and M. a. peruana, the specimens in the upper right
portion of the figure correspond to G. agilis, and at the
bottom of the figure lies the holotype of M. beatrix as
a separate morphometric group from both G. peruanus
and G. agilis (Fig. 4).

Although G. agilis and G. peruanus showed a narrow
morphometric overlap in the bivariate plot of the first
and second principal components in PCA (Fig. 3), in
the DA these species were very distinctive in
morphometric space (Fig. 4). Most specimens of G. agilis
were placed on the right side of the PCA bivariate plot
and did not overlap with specimens of G. peruanus along
the first principal component axis, showing that they
differ in general size (Fig. 3). Regarding DA, the species
were completely separated in the bivariate plot of the
first and second discriminant functions (Fig. 4),
with dimensions related to the skull length (GLS,
CBL, and LM) and rostral width (PB and BRJ)
being the most important variables segregating these
species.

SUMMARY

Our morphological and molecular data showed the ex-
istence of remarkable differences among specimens of
G. agilis from Mato Grosso and Rondénia states com-
pared with other populations of central-western Brazil.
Geographically structured patterns of external and
craniodental morphology, together with high levels of
genetic divergence (Cytb sequences) between two re-
ciprocally monophyletic groups herein recovered, and
the discovery of two localities with morphologically dis-
tinct specimens occurring in sympatry, indicated a
species complex within G. agilis. Finally, the analy-
sis of the type material of the nominal taxa current-
ly associated with G. agilis led us to treat Marmosa
agilis peruana Tate, 1931 as a valid species, resur-
recting this name from the synonym of G. agilis, herein
spelled as Gracilinanus peruanus.

TAXONOMY
GRACILINANUS PERUANUS (TATE, 1931)

Synonyms (first usage of each synonym only)

Marmosa marica: Thomas, 1927: 608; part (in-
cludes specimens from Tingo Maria, Peru).

Marmosa agilis buenavistae Tate, 1931: 10;
type locality ‘Buenavista, Department of Santa Cruz,
Bolivia’.

Marmosa agilis peruana Tate, 1931: 11; type local-
ity “Tingo Maria, Rio Huallaga, Peru, 2000 feet’.

Marmosa agils peruania: Tate, 1933: legend of
plate 11; incorrect subsequent spelling of Marmosa agilis
peruana Tate.

Thylamys rondoni Miranda-Ribeiro, 1936: 387; part
(includes one specimen of the type series from Sdo Jodo
da Serra do Norte, Rondonia).

Marmosa rondoni: Vieira, 1955: 352; new name com-
bination; part (based on the type series of
Miranda-Ribeiro, 1936).

Marmosa [(Thylamys)] agilis buenavistae: Cabrera,
1958: 28; new name combination.

Marmosa [(Thylamys)] agilis peruana: Cabrera,
1958: 28; new name combination.

Gracilinanus agilis: Gardner & Creighton, 1989: 5;
new name combination; part (buenavistae and peruana
in synonymy).

Gracilinanus agilis buenavistae: Anderson, 1993: 18
(general distribution records).

Gracilinanus agilis buenavista: Langguth, Limeira
and Franco, 1997: 7; incorrect subsequent spelling of
Marmosa agilis buenavistae Tate; part (based on the
type series of Miranda-Ribeiro, 1936).

Type information
BMNH 27.11.1.268, collected on 20 January 1927 by R.W.
Hendee. The holotype is an adult male (age class 6).
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Figure 3. Scatter plot of the principal component analysis (PCA) of 24 log-transformed craniodental measurements of
Gracilinanus agilis, Gracilinanus peruanus, and other nominal taxa related to these species.

Table 8. Eingenvalues from the discriminant analysis (DA)

Function Eingenvalue % of variance cumulative %
1 12.160 86.6 86.6
2 1.460 10.4 97.0
3 0.427 3.0 100.0

Although the type is a skin and skull in good condi-
tion, the right zygomatic arch is broken and the palate
is partially broken and unclean, making it difficult to
visualize the palatine fenestrae.

Type locality
‘Tingo Maria, Rio Huallaga’, Hudnuco, Peru — (09°08’S,
75°57"W—-600 m., Hershkovitz, 1992).

Geographic distribution

The collecting localities of G. peruanus comprise central
Peru, central Bolivia, and western Brazil, in the states
of Ronddnia and north-western Mato Grosso. By con-
necting the most external collecting localities of the
species we obtained an approximated geographic dis-
tribution that extends from central Peru to central
Bolivia and western Brazil, in the northern and central
portions of Mato Grosso state (Fig. 1). This area pre-

sents two records where G. peruanus and G. agilis occur
in sympatry (localities 3 and 15; Fig. 1).

Emended diagnosis

Gracilinanus peruanus is a small-sized didelphid mar-
supial that differs from other congeners by the fol-
lowing combination of morphological characters (see
Table 10): dorsal pelage dull reddish brown; grey-
based ventral pelage from chest to anus; usually poorly
developed circumocular mask; head and body length
85.0-121.0 mm; tail length 130.0-155.0 mm; greatest
length of skull 24.50-28.91 mm (Table 4); interorbital
region usually smooth, sometimes with angular
supraorbital margins of the frontals (i.e. margins with
sharpened edges, not described by Voss & Jansa, 2003,
2009), never showing incipient postorbital processes;
relative position of maxillary fenestra aligned anteri-
orly with the paracone of P3 and posteriorly with the
paracone of M1 or M2; posterolateral palatal foramen
usually smaller than palatine fenestra; second foramen
ovale present, usually formed by a wide bony strut on
the anteromedial region of the alisphenoid tympanic
process; paraoccipital process usually very small
and rounded; mastoid process usually incipient or
absent; and upper canine usually with a posterior ac-
cessory cusp, rarely with a small anterior accessory
cusp (Figs 5-10).
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Table 9. Coefficients of the first three functions of the dis-
criminant analysis (DA)

Function

Variable 1 2 3

GLS 0.646 0.241 -1.350
CBL -1.323 0.188 -0.845
RL 0.234 0.632 0.224
NL -0.046 -0.617 -0.031
PL -0.405 -0.314 0.045
MTR -0.004 0.145 0.190
UMS 0.238 0.285 -0.553
LM4 0.060 -0.299 0.847
WM2 -0.031 0.076 0.337
HC 0.055 0.600 0.708
PB 0.735 0.417 0.503
BTB -0.030 -0.864 0.252
LTB 0.228 -0.108 -0.004
WET 0.225 -0.175 -0.590
NB 0.362 0.340 -0.008
BRC 0.174 0.512 0.534
BRJ -0.839 -0.682 -0.598
LIB -0.230 0.105 -0.370
POC -0.415 0.118 0.344
BBC 0.193 0.746 -0.137
LM 0.685 -0.697 1.560
LMS 0.028 0.113 0.346
Lm4 0.420 0.236 -0.240
Wm2 0.019 -0.077 0.067

In bold, the five larger values for each function.

Description

Gracilinanus peruanus is a small-sized marsupial
(Table 4) with short (approximately 7 mm in length),
smooth, and dull reddish-brown dorsal pelage, not ex-
posing the grey-based hairs (Fig. 5); pelage of rostrum
short with grey-based and cream-tipped hairs, usually
contrasting sharply with darker crown fur that is longer
and grey-based with reddish-tipped hairs; dark
circumocular mask small and poorly developed
anteroposteriorly when compared with other
Gracilinanus species (Fig. 10); colour pelage between
eyes and ears usually reddish, similar to the colour
of head; cheeks self-coloured cream contrasting sharply
with facial mask; mystacial vibrissae entirely black or
black with white tips; three or four black genal vibrissae
dorsally oriented and three genal white vibrissae ven-
trally oriented; white submental and interamal vibrissae
present; the self-coloured cream portion of ventral pelage
extends from chin to chest and forearms, and grey-
based hairs extend from chest to inguinal region, in-
cluding hind limbs; tail slightly bicoloured, longer than
combined length of head and body; fur of the base of
the tail no longer than 5 mm in length; caudal scales
arranged in annular pattern; each scale possesses three
hairs inserted in its posterior margin, with the central

hair slightly longer (two caudal scales in length); hairs
on the basal portion of the tail shorter and more sparse,
giving the ventral and distal portion of the tail a more
hairy aspect; prehensile ventral surface of the distal
part of the tail approximately 30 mm in length; ears
small (14-19 mm), cream to cream—orange on the base
and pale brown distally.

Craniodentally, premaxillary rostral process present;
nasals long, extending anteriorly beyond I1; rostrum
short and wide; two lacrimal foramina present on each
side of the skull, both not visible in dorsal or lateral
views; interorbital region with parallel margins;
supraorbital margins vary from smoothly rounded
(young specimens) to slightly angular (adult speci-
mens); postorbital processes absent (Fig. 7); petrosal
laterally exposed through a fenestra in the parietal-
squamosal suture; incisive foramen small, reaching the
posterior edge of canines; maxillo-palatine fenestrae
present; maxillary fenestrae present, with anterior
margin aligned with the paracone of P3 and the pos-
terior margin aligned with the paracone of M1, metacone
of M1, or the paracone of M2; palatine fenestrae present;
posterolateral palatal foramen usually smaller than pala-
tine fenestra (Fig. 8); paraoccipital process very small
and rounded; mastoid process usually incipient or
absent; alisphenoid tympanic process globular; second
foramen ovale present, usually formed by a wide bony
strut on the anteromedial region of the alisphenoid tym-
panic process (Fig. 9); I1 longer than 12-15; 12-I5 similar
in size; upper canine short, usually with posterior ac-
cessory cusps and rarely with small anterior accesso-
ry cusps; P1 smaller than P2 and P3; P2 either taller
or subequal in height than P3 (Fig. 8).

Comparisons with congeners
Gracilinanus peruanus differs from other congeneric
species by exhibiting dull reddish brown dorsal fur
versus the reddish, brownish, or greyish tones in other
species (see Table 10); grey-based buffy ventral fur from
chest to anus, as in G. agilis and G. marica versus self-
white in G. emiliae and with grey-based hairs from
throat to anus in G. aceramarcae, G. dryas, and
G. microtarsus; circumocular mask restricted to the area
close to the eyes, similar to G. agilis but differing from
the other species in which the masks are wider (Fig. 10);
posterior accessory cusps in upper canines frequently
present versus absent in G. aceramarcae, G. agilis, and
G. microtarsus; interorbital region smooth or with
angular supraorbital margins in mature adults versus
weakly and distinctly beaded in G. marica and
G. emiliae, respectively; and well-developed maxil-
lary fenestrae, which are small or absent in G. emiliae.
A summary of the diagnostic characters of G. peruanus
in comparison with the other species of the genus is
provided in Table 10. Closer comparisons between
G. agilis and G. peruanus are warranted, as the latter
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Figure 4. Scatter plot of canonical scores (DA) for discriminant functions 1 and 2 based on craniodental measurements
of Gracilinanus agilis, Gracilinanus peruanus, and other nominal taxa related to these species.

was until now considered a junior synonym of the
former, and both species are present in Bolivia and
central-western Brazil, including two sympatric records
(Fig. 1). In fact, G. peruanus and G. agilis are very
similar in external and craniodental traits; however,
the former exhibits dull reddish brown dorsal fur
whereas the latter exhibits dorsal fur with brownish/
greyish tones (Fig. 5). In addition, G. peruanus is gen-
erally smaller in size when compared with G. agilis
(Table 4).

Craniodentally, the most distinctive character that
distinguishes these species is the relative position of
the anterior margin of the maxillary fenestrae, which
is consistently aligned with the paracone of P3 in
G. peruanus versus consistently aligned with the
paracone of M1 in G. agilis (Fig. 8). It is important to
mention, however, that in young specimens of
G. peruanus the position of the maxillary fenestrae is
similar to the position found in specimens of G. agilis.

Although we found intraspecific variation in the
craniodental traits analysed herein, we found remark-
able differences in the frequencies in which they appear
in each species (Table 11). In this sense, these species
differ in relation to the posterior accessory cusps in
the upper canines, which is frequently present in
G. peruanus, but usually absent in G. agilis; in the rela-

tive size of posterolateral palatal foramen when com-
pared with the palatine fenestra, which is usually
smaller in G. peruanus and usually larger in G. agilis;
and in the morphology of the alisphenoid tympanic
process, as it generally exhibits a wide bony strut in
G. peruanus versus a narrow bony strut in G. agilis
(Fig. 9; Table 11). The interorbital region appears to
be somewhat different between these species. Both
species generally exhibit a smooth interorbital region
in younger specimens, but with slightly angular margins
in older specimens. This latter condition appears to
be more developed in G. agilis, in which even an in-
cipient postorbital process may be present (versus absent
in G. peruanus; Fig. 7). There are also differences related
to the projection of the paraoccipital and mastoid pro-
cesses (of petrosal), which are more developed in G. agilis
than in G. peruanus (Fig. 9). The paraoccipital process
is often large and squared in appearance in G. agilis,
whereas it is smaller and rounded in appearance in
G. peruanus. The mastoid process is much more de-
veloped in G. agilis, whereas in G. peruanus it is in-
cipient or absent (Fig. 9).

Intraspecific morphological variation
We observed few pelage variations in examined speci-
mens of G. peruanus. The dorsal pelage followed the
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Figure 5. Dorsal view of skin. Left to right: Gracilinanus
peruanus (UFMT 872, locality 1 in Fig. 1, female, age class 7)
and Gracilinanus agilis (UFMT 1039, locality 36 in Fig. 1,
male, age class 8). Scale bar: 10 mm.

same pattern in all examined material, except for a
few specimens that exhibited a less homogeneous pelage;
however, more expressive variation was observed in
the ventral pelage, with several specimens (CM 455,
463, 464, 489, 492, locality 3; Fig. 1) exhibiting self-
coloured cream pelage in the inguinal region, and other
specimens (UFMT 3816, locality 23; AMNH 209157, lo-
cality Costa Marques, Rondo6nia, not shown in Fig. 1)
exhibiting self-coloured cream pelage over the entire
venter. In most specimens, however, self-coloured fur
is restricted to the chin, throat, chest, and frontal limbs.
Intraspecific variation observed in the presence of C1
accessory cusps, the size of posterolateral palatal
foramen, and the morphology of the anteromedial
process of the alisphenoid tympanic process are shown
in Table 11.

Figure 6. Dorsal, ventral, and lateral views of the skull
and lateral view of the mandible of Gracilinanus peruanus
(UFMT 1333, locality 2 in Fig. 1, female, age class 7). Scale
bar: 5 mm.

Taxonomic comments

The combination of diagnostic morphological charac-
ters mentioned in the Emended diagnosis section, to-
gether with the results of the morphometric and
molecular analyses, justify the recognition of a dis-
tinct species of gracile mouse opossum. To search for
available names that could be assigned to this dis-
tinct species we have examined the holotypes of nominal
taxa related to G. agilis, such as beatrix Thomas, 1910;
buenavistae Tate, 1931; peruana Tate, 1931; blaseri
Miranda-Ribeiro, 1936; and rondoni Miranda-Ribeiro,
1936 (Voss et al., 2005: table 1).

Regarding the holotype of M. beatrix
(BMNH 11.4.23.24), it can be consistently associated
with the genus Gracilinanus by the presence of max-
illary fenestrae, an anteromedial process of the
alisphenoid tympanic process, and P2 taller than P3.
Nevertheless, the taxonomic status of this nominal taxon
requires further evaluation because the holotype ex-
hibits self-coloured cream pelage covering the entire
venter, and is smaller in the majority of the craniodental
measurements, differing in the ventral coloration and
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Figure 7. Dorsal and ventral views of the skull of
Gracilinanus peruanus (MZUSP 35121, locality 2 in Fig. 1)
and Gracilinanus agilis (MZUSP 35286, locality 43 in Fig. 1).
Both specimens are male individuals of age class 7. Scale
bar: 5 mm.

size of typical G. agilis (Table 4). In addition, the mul-
tivariate analyses showed that this specimen does not
group with either G. agilis or G. peruanus in
morphometric space (Figs 3, 4).

Miranda-Ribeiro (1936) described two species that
are currently in the synonym of G. agilis: M. blaseri,
based on a specimen from S&o Bento, Goids (MN 1250)
and T rondoni, based on a type series from two dis-
tinct localities: Salto do Sepotuba, Mato Grosso state
(MN 1270) and Sao Jodo da Serra do Norte, Rondonia
state (MN 1271, 1272, 1275, and 1276). The holotype
of M. blaseri can be assigned to G. agilis based on its
greyish brown dorsal coloration, absence of cusps in
the C1, relative position of maxillary fenestra between
M1 and M2, and a posterolateral palatal foramen larger
than the palatine fenestra.

In relation to T rondoni, the type series is a com-
posite. Miranda-Ribeiro (1955) designated the speci-
men MN 1270 from Salto do Sepotuba, Mato Grosso,
as the lectotype, and the other material, consequent-
ly, as paralectotypes (see also Langguth et al., 1997).

Among the latter specimens, MN 1276 can be consist-
ently assigned to G. peruanus based on its dull reddish
brown dorsal coloration, maxillary fenestra between
P3 and M2, a posterolateral palatal foramen smaller
than the palatine fenestra, and the presence of a second
foramen ovale formed by a wide bony strut on the
anteromedial region of the alisphenoid tympanic process.
The remaining paralectotypes do not belong to the genus
Gracilinanus nor the lectotype.

By contrast, the specimens herein identified as a
distinct species of gracile mouse opossum are
morphometrically and morphologically similar to
the holotypes of M. a. buenavistae Tate, 1931
(BMNH 26.12.4.91) and M. a. peruana Tate, 1931
(BMNH 27.11.1.268). All of the specimens exhibit dull
reddish brown dorsal pelage; posterolateral palatal
foramen smaller than palatine fenestra; second foramen
ovale formed by a wide bony strut on the anteromedial
region of the alisphenoid tympanic process; paraoccipital
process small and rounded; and incipient mastoid process.
Several minor differences observed between the holotype
of M. a. buenavistae and our specimens, such as the
relatively larger size, the faded greyish brown dorsal
pelage coloration, the presence of an incipient postorbital
process, and the absence of accessory cusps in the upper
canines in the former, can be related to age variation
because the specimen is a mature adult female (age
class 8). Other morphological traits, such as the ante-
rior margin of the maxillary fenestrae that only slight-
ly reaches the posterior border of P3 in both holotypes,
and the absence of accessory cusps in C1 in the holotype
of M. a. peruana, are within the scope of morphologi-
cal variation observed in the specimens in central—
western Brazil and the surrounding areas; however,
among all the specimens examined, only the holotype
and a topotype of M. a. peruana (BMNH 27.11.1.268—
269) exhibited developed circumocular masks. In the
absence of other specimens from Peru and nearby vi-
cinities, we provisionally treat this difference as a geo-
graphical variation in this trait.

Based on these results, we recognize M. a. buenavistae
Tate, 1931 and M. a. peruana Tate, 1931 as synonyms
that can be assigned to a valid species distinct from
G. agilis (Burmeister, 1854). Because both available names
were described in the same work by the same author
(Tate, 1931) and in the same hierarchical category (as
subspecies of Marmosa agilis), the priority between these
two names cannot be objectively determined. So, as
first revisers of this issue, and according to article 24.2
of the International Code of Zoological Nomenclature
(ICZN, 1999), we establish M. a. peruana Tate, 1931
as the name for the species recognized in this report,
with M. a. buenavistae Tate, 1931 treated as its junior
synonym. We use the spelling of this taxon as G. peruanus
following the agreement in gender according to article 31.2
of the ICZN (1999).

© 2014 The Linnean Society of London, Zoological Journal of the Linnean Society, 2015, 173, 190-216

020z Aey 0z uo 1senb Aq §80€SHZ/06 L/1/S L | AOBISHB-8|011LE/UBBUUI00Z/WO0D dNO"dIWapeo.//:sdly WoJl) papeojumoq



PHYLOGENY AND TAXONOMY OF G. PERUANUS 207

Figure 8. Upper canine morphology with accessory cusps absent in Gracilinanus agilis, upper left (MZUSP 35286, lo-
cality 43 in Fig. 1, male, age class 7); usually present in Gracilinanus peruanus, upper right (UFMT 1333, locality 2 in
Fig. 1, female, age class 7). Size differences between posterolateral palatal foramen (plpf) in relation to palatine fenestra
(p): smaller in G. peruanus (UFMT 3816, locality 23 in Fig. 1, male, age class 7), and larger or similar in size in G. agilis
(MZUSP 35311, locality 30 in Fig. 1, male, age class 7). Note the position of the maxillary fenestra (m) in G. agilis (M1/
M2) from the metacone of M1 to the paracone of M2, and in G. peruanus (P3/M1 or M2) from the paracone of P3 to the
paracone of M2 (see Table 10). Pictures are not shown to scale to better visualize these characters.

Reproductive data

Within our sample, we found five lactating adult females
collected in the dry season (August 2006 and
October 2007), as demonstrated by the discoloured in-
guinal region and enlarged nipples, thus giving a com-
pletely cream coloration to the inguinal region
(UFMT 870, 872, 873, 1333; CM 492); the abdominal—
inguinal mammae formula of these specimens is
4-1-4 = 9; however, the female AMNH 209157 has
3-1-3 =7 (S. Anderson, annotation in the specimen
tag).

Regarding sexually dimorphic characters, the adult
males belonging to age classes 6 and 7 (sensu Rossi
et al., 2010b) present a knob-like, lateral carpal tu-
bercle (UFMT 876, 3816; CM 455, 457, 464, 489;
MZUSP 35121, 35112), whereas a young male
(UFMT 1370) belonging to age class 3 has a very small,
knob-like lateral carpal tubercle. This structure was
absent in all females examined, whereas medial carpal
tubercles were absent in both sexes.

Field data
Among specimens of G. peruanus with available field
information, two were caught in Sherman live traps

placed on the ground and 11 were caught in pitfall
traps. Although pitfall traps appear to be more effec-
tive in collecting the species, it is not possible to confirm
this because we have no information about the trap-
ping efforts. Considering the distinct ecoregions (sensu
Olson et al., 2001) within the geographic range of
G. peruanus, 12 of our records are located in the
Chiquitano dry forests (including the holotype of
M. a. buenavistae, locality 67; Fig. 1), followed by
11 records in the Cerrado, two records in the
Madeira-Tapaj6s moist forests, one record in the Mato
Grosso seasonal forests, and one record in the Ucayali
moist forests (the holotype of M. a. peruana, locality
71, Fig. 1). For most collecting localities in the Cerrado
and for a few localities in the Chiquitano dry forests,
the specimens are associated with gallery forests such
as those shown in Figure 11. In the Cerrado, 20 in-
dividuals were collected in gallery and deciduous forests,
and seven individuals were collected in both dis-
turbed forests and Cerrado sensu stricto. This pattern
leads us to consider that this species is associated
with forested formations, and may use the gallery
forests to enter savanna-like formations in the Bra-
zilian Cerrado.
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Figure 9. Distinct morphologies of the anteromedial surface of the alisphenoid tympanic process (top) and the paraoccipital
and mastoid processes (bottom) in Gracilinanus. Upper left: narrow alisphenoid tympanic process, MZUSP 35311, Gracilinanus
agilis (locality 30 in Fig. 1). Upper central: median alisphenoid tympanic process, MZUSP 35121, Gracilinanus peruanus
(locality 12 in Fig. 1). Upper right: wide alisphenoid tympanic process, MZUSP 35117, Gracilinanus peruanus (local-
ity 10 in Fig. 1). The arrows show the pathway of the mandibular branch of the trigeminal nerve (V®) through the sec-
ondary foramen ovale. Note that the portion of the arrow concealed by the alisphenoid process is notably smaller in
MZUSP 35311, whereas it is partially and almost fully enclosed by the alisphenoid tympanic process in MZUSP 35121
and MZUSP 35117, respectively. It is important to note that the condition found in MZUSP 35117 does not correspond
to the alisphenoid lamina of Voss & Jansa (2009: fig. 16C), because the latter refers to a posteromedial wide alisphenoid
bony strut on the bullar surface that does not span the transverse canal, whereas MZUSP 35117 exhibits a wider alisphenoid
bony strut anteromedially positioned on the bullar surface that spans the transverse canal. Lower right: paraoccipital
and mastoid processes (of petrosal) often large and squared in appearance in G. agilis (UFMT 1039, locality 36 in Fig. 1).
Lower left: paraoccipital and mastoid processes (of petrosal) small and rounded in G. peruanus (MZUSP 35121, local-
ity 12 in Fig. 1). Scale bar: 5 mm.

MORPHOLOGICAL VARIATION WITHIN GRACILINANUS ity 3, Fig. 1) show a browner tone (somewhat reddish)

AGILIS FROM CENTRAL-WESTERN BRAZIL

In the examined specimens of G. agilis, we found con-
siderable variation in the dorsal pelage coloration, which
appears to be geographically related. In fact, we were
able to observe three distinct patterns: specimens from
eastern Mato Grosso state (localities 34, 35, 36, 37;
Fig. 1) are distinguishable from other specimens by ex-
hibiting dull greyish brown dorsal pelage that is smooth
in texture, whereas specimens from the Pantanal biome
in southern Mato Grosso (localities 28, 29, 31, 32, 46;
Fig. 1) exhibit distinctly bright brown dorsal pelage that
is also smooth in texture. Finally, three individuals
(CM 485, 486, 487) from central Mato Grosso (local-

and somewhat coarser pelage. Specimens from central
Mato Grosso, which occur in sympatry with G. peruanus,
exhibit dorsal pelage very similar to that of G. peruanus;
side-by-side comparisons clearly reveal that G. agilis
are not as distinctly reddish in colour as G. peruanus,
in addition to the cranial evidence distinguishing these
specimens.

We also found two different patterns of facial col-
oration (Fig. 10B,C). Specimens from eastern Mato
Grosso exhibit grey pelage coloration between the dark
circumocular mask and the base of the ear, sharply
contrasting with the cheeks. They also present a well-
developed circumocular mask extending posteriorly
to the base of the ear (Fig. 10C). By contrast, most
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Figure 10. Distinct patterns of the circumocular mask in
Gracilinanus. A, UFMT 872, Gracilinanus peruanus, female,
age class 7 (locality 1 in Fig. 1). B, UFMT 692, Gracilinanus
agilis, male, age class 7 (locality 29 in Fig. 1). C, UFMT 1039,
Gracilinanus agilis, male, age class 8 (locality 36 in Fig. 1).
Scale bar: 10 mm.

specimens from the Pantanal biome exhibit yellow-
ish pelage coloration between the circumocular mask
and the base of the ear, and a less developed
circumocular mask, similar to G. peruanus; however,
the pelage between the circumocular mask and the base
of the ear is reddish in G. peruanus (see Fig. 10;
Table 12).

Finally, we found considerable individual variation
in the craniodental morphology in G. agilis. As seen
in Table 11, 95% (n = 65) of the specimens examined
herein exhibited no accessory cusps in C1. Moreover,
58% (n = 29) exhibited posterolateral palatal foramen
larger than the palatine fenestra, whereas 21% (n = 11)
exhibited either smaller or similar posterolateral palatal
foramen in relation to the size of the palatine fenestra.

Finally, 91% (n = 57) exhibited a narrow anteromedial
process of the alisphenoid tympanic process, whereas
in the remaining specimens this structure was inter-
mediate in breadth (median in Table 11).

DISCUSSION

The phylogenetic analysis recovered Gracilinanus as
a monophyletic group with high support, corroborat-
ing previous analyses that also used Cytb molecular
data (Costa et al., 2003; Loss et al., 2011), or that used
both mitochondrial and nuclear molecular markers (Voss
et al., 2009; Faria et al., 2013). In this study, the
monophyly of the species was also supported in all
analyses; however, the partial Cytb was limited in its
ability to recover interspecific phylogenetic relation-
ships, as shown by incongruent topologies resulting from
different phylogenetic reconstruction methods. All three
phylogenetic reconstruction methods agree on the place-
ment of G. emiliae as the sister taxon to all other species
of Gracilinanus. This result is also in agreement with
the analysis of Voss et al. (2009: fig. 3).

Furthermore, the genetic mean divergence between
these clades was comparatively high (12.9-18.2%). The
mean genetic distances for Cytb sequences reported
in the literature among species of Gracilinanus were
approximately 15% (Costa et al., 2003; Léss et al., 2011),
and minimum and maximum values of 13.0 and 20.4%,
respectively, were found by Faria et al. (2013), which
are similar to the values obtained in the present study.
The lack of phylogenetic resolution among the other
species of Gracilinanus prevents us from discussing
the relationships within the genus, including the
phylogenetic position of G. peruanus; however, inde-
pendent of the true phylogenetic position of G. peruanus,
it is clear that it is both genetically and morphologi-
cally differentiated from all other lineages within the
genus, and merits the status of a valid species.

As a rule for small didelphid marsupials, morpho-
logical variation in external and craniodental traits can
be observed when large series are examined (Lemos
& Cerqueira, 2002; Giarla, Voss & Jansa, 2010; Rossi
et al., 2010b; Loss et al., 2011; Pavan, Rossi & Schneider,
2012). Nevertheless, even when analysing a large series
in the present study, the level of geographic vari-
ation found in several of the morphological traits did
not obscure their diagnostic information. Indeed, the
congruence between molecular, morphological, and
morphometric data strongly supports the revalidation
of G. peruanus.

In terms of the external and craniodental morphol-
ogy, the most similar species with G. peruanus is
G. agilis, which was, until now, considered its senior
synonym. As previously observed, G. agilis exhibits
notable dorsal pelage colour variation, ranging from
dusky grey to dull reddish brown, according to Creighton
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Table 11. Variation of craniodental morphology®* among species of Gracilinanus examined in this study

Posterolateral palatal
foramen in relation to
the palatine fenestra

Morphology of the
anteromedial process of the

C1 accessory cusps alisphenoid tympanic process

Species Absent Present Smaller Similar Larger Narrow Median Wide

Gracilinanus 1(100%) _ _ _ 1 (100%) _ 1 (100%)
aceramarcae

Gracilinanus agilis 65 (95%)" 3%’ 11(21%) 11 (21%) 29 (58%) 57 (91%) 5(9%) 0 (0%)

Gracilinanus dryas 1 (25%)° 3 (75%)* 4(100%) - - - 4 (100%)

Gracilinanus emiliae 2(100%) 2(100%) _ _ _ _ 2 (100%)

Gracilinanus marica  1(16,5%)" 5 (83,5%)% — 1(16,5%) 5(83,5%) - - 6 (100%)

Gracilinanus 7 (87,5%) 1 (12,5%) 6 (75%) 2(25%) _ 5(62,5%) 3 (37,5%)
microtarsus

Gracilinanus 31 (46%)f 34 (54%) 37 (62%) 19 (31%) 4 (7%) 12 (18%) 30 (47%) 23 (35%)
peruanus

2See text for trait definitions.

"Voss et al. (2009) treated as usually absent. Voss et al. (2005) examined 30 specimens from San Joaquin, Beni, Bolivia,
and found no evidence of this trait in this series [Hershkovitz (1992) reported variation on this character for the same
sample, but Voss et al. (2005) showed that the specimens cited by Hershkovitz that lack this trait are now referable to
Cryptonanus unduaviensis].

“Voss et al. (2005: table 3) scored the craniodental trait frequencies for seven specimens of Gracilinanus dryas [BMNH 98.5.15.2
(holotype); USNM 372924-372926, 385017, 385018, 4185171, five of which did not exhibit accessory cusps in C1. Simi-
larly, Voss et al. (2009: table 1) mentioned the absence of accessory cusps in C1 for Gracilinanus dryas; however, we have
examined four specimens of G. dryas, including the holotype, and three of them showed accessory cusps in C1 (BMNH 98.5.15.2,
98.7.1.26, 98. 7.1.27).

Voss et al. (2005) examined 12 specimens of Gracilinanus marica [AMNH 21319, 21324, 21329, 21331, 21332, 24321,
24325, 24326, 206763; BMHN 98.5.15.1 (holotype); USNM 280881 (holotype of Gracilinanus perijae), 280884] and none
of them showed accessory cusps in C1. By contrast, we examined six specimens, five of which exhibited accessory cusps
in C1.

°The accessory cusps in C1 found in Gracilinanus dryas and Gracilinanus marica are smaller and smoother when com-
pared with the accessory cusps in C1 found in Gracilinanus emiliae and Gracilinanus peruanus. These may account for

the dissimilarities found between the analysis in this work and that of Voss et al. (2005, 2009) for this trait.

‘Mature adult specimens with worn upper canines.

¢Usually young adult specimens with unworn upper canines.

& Gardner (2008); however, we observed that this pelage
variation is taxonomically informative, as side-by-
side comparisons revealed that specimens with reddish
brown dorsal fur refer to G. peruanus, whereas those
with brownish/greyish tones refer to G. agilis. Further-
more, we found that adult specimens of both species
can be consistently distinguished by the relative po-
sition of the anterior margin of the maxillary fenestrae,
and to a lesser extent by the presence/absence of ac-
cessory cusps in the upper canine and by the mor-
phology of the alisphenoid tympanic process.

Most of the craniodental dimensions overlapped
between these species, so they cannot be used as re-
liable diagnostic traits; however, in most craniodental
dimensions, G. agilis is significantly larger than
G. peruanus, as shown by Student’s ¢-tests (Table 5).
These tests also demonstrated sexual dimorphism in
several craniodental dimensions for both species, with

males averaging larger than females, as previously re-
ported for G. agilis and G. microtarsus (Costa et al.,
2003; Fernandes et al., 2010), and other Neotropical
didelphid marsupials (Mustrangi & Patton, 1997; Lew,
Perez-Hernandez & Ventura, 2006; Astia, 2010; Rossi
et al., 2010b; Pavan et al., 2012).

The collecting localities of G. peruanus comprise
central Peru, central Bolivia, and western Brazil in
the states of Rondoénia and north-western Mato Grosso,
and encompass several ecoregions; G. peruanus inhab-
its both dry and moist forested areas, and is able to
use gallery forests to enter savanna-like formations in
the Brazilian Cerrado. Similar distributional pat-
terns have also been reported for other didelphid mar-
supials, such as Caluromys lanatus (Olfers, 1818),
Didelphis marsupialis Linnaeus, 1758, Marmosops
bishopi (Pine, 1981), Marmosops noctivagus (Tschudi,
1845), and Philander opossum canus (Osgood, 1913)
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Figure 11. Gallery forest where Gracilinanus peruanus and Gracilinanus agilis were found in sympatry (locality 3 in
Fig. 1). Note the black arrow showing the deforested area near the trapping site. Photo courtesy of Vitor Azarias.

Table 12. Morphological variation of the circumocular mask
in Gracilinanus agilis and Gracilinanus peruanus

Circumocular mask

Species Poorly developed Developed
Gracilinanus agilis 67 (92%) 6% (8%)
Gracilinanus peruanus 32 (94%) 271 (6%)

*Specimens from eastern Mato Grosso state, Brazil.
TThe holotype (BMNH 27.11.1. 268) and topotype
(BMNH 27.11.1.269) of Marmosa agilis peruana.

(Patton & Costa, 2003; Gardner & Creighton, 2008).
The species in the genus Gracilinanus that is more
associated with open formations is G. agilis, with the
other species of the genus (including G. peruanus) being
more associated with forested formations (Voss et al.,
2009; Carmignotto, Vivo & Langguth, 2012). The pres-
ence of G. agilis in Peru, as previously reported by
Creighton & Gardner (2008) and Huamani, Cadenillas
& Pacheco (2009), still needs to be confirmed by future
analyses of the vouchers reported by authors. These
analyses are also necessary to fill the distributional
gaps and to provide important information on the
natural history and habitat requirements of the poorly
studied species of Gracilinanus.

The contiguous area formed by eastern Bolivia and
central-western Brazil merits the attention of taxono-
mists, phylogeographers, and conservationists, as it har-
bours a high diversity of small mammals and is subject
to an accelerated deforestation process for agricul-
ture and cattle ranching developments (Yoshikawa &
Sanga-Ngoie, 2011). Among the species recently de-
scribed or recorded for the area mentioned, several are
associated with the Chiquitano dry forest such as
Marmosops ocellatus (Semedo, Rossi & Santos Junior,
2013), whereas others are less restricted in terms of
ecoregions, such as Hylaeamys acritus (Emmons &
Patton, 2005) and Oecomys sydandersoni Carleton,
Emmons & Musser, 2009. This area also harbours
species mainly associated with the Amazon forests, such
as Glironia venusta Thomas, 1912 (Rossi et al., 2010a).

Finally, it is important to note that the geographic
ranges of G. agilis and G. peruanus partially overlap,
as shown by the records of the former species in lo-
calities 33 and 45, and the records of sympatry in lo-
calities 3 and 15 (Fig. 1). As a result, ecological studies
are necessary to assess whether these species are
sharing the same ecological niches in these localities
or whether there is a degree of interbreeding present.

The diversity within the genus Gracilinanus is still
underestimated, and because of its geographically wide-
spread distribution in South America, this genus is cer-
tainly an interesting group for biogeographic and
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evolutionary studies. Additional inventory, morpho-
logical, and molecular studies are needed to assess the
geographic distributional limits of the species within
the genus, to uncover its hidden diversity (possibly
cryptic species), and to understand the factors in-
volved in the evolution of this poorly studied genus.
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APPENDIX

GAZETTEER OF EXAMINED AND
SEQUENCED SPECIMENS
The localities of the examined and sequenced speci-
mens of Gracilinanus included in this study are listed
below. Numbers correspond to specimen records plotted
on the map (Fig. 1). For each collecting locality (in bold),
we provide the state or department, the correspond-
ing geographic coordinates, and the voucher exam-
ined. The geographic coordinates were transcribed from
voucher tags or obtained from the literature (Paynter
& Traylor, 1991; Hershkovitz, 1992; Vanzolini, 1992;

Voss et al., 2009). Vouchers not examined in this study
are cited with their reference. Underlined voucher
numbers correspond to those with Cytb sequences in-
cluded in the molecular analysis.

BRAZIL

1. Cachoeirio de Juruena, Mato Grosso, 13°32’S,
58°48'W (UFMT 870, 872, 873, 876, 878:
Gracilinanus peruanus).

2. Sdao Joao da Barra, Mato Grosso, 10°19’S,
57°41'W (UFMT 1333: G. peruanus).

3. Margem esquerda e direita do Rio Verde, Mato
Grosso, 12°48’S, 56°10'W (CM 592, 451, 455, 457,
459, 463, 464, 468, 469, 470, 489, 492: G. peruanus;
CM 485, 486, 487: G. agilis). Locality of sympatry.

4. Vila Bela de Santissima Trindade, Mato Grosso,
14°51’S, 59°57'W (MZUSP 35129: G. peruanus).

5. Lambari d’Oeste, Mato Grosso, 15°16’S, 57°46"W
(MZUSP 35115: G. peruanus).

6. Rio Sapezal, Mato Grosso, 12°52’S, 58°41'W
(MZUSP 35130: G. peruanus).

7. Rio Juruena, Mato Grosso, 13°12’S, 58°59'W
(MZUSP 35123, 35124: G. peruanus).

8. Rio Juruena, Mato Grosso, 13°19’S, 59°02'W
(MZUSP 35128: G. peruanus).

9. Rio Juruena, Mato Grosso, 13°04’S, 58°58'W
(MZUSP 35128: G. peruanus).

10. Rio Juruena, Mato Grosso, 13°15’S, 59°02'W
(MZUSP 35117: G. peruanus).

11. Rio Juruena, Mato Grosso, 12°59’S, 58°57'W
(MZUSP 35111, 35112, 35113, 35125, 35126, 35127:
G. peruanus).

12. Vale de Sao Domingos, Mato Grosso, 15°07’ S,
58°57'W (MZUSP 35118-35122: G. peruanus).

13. Rio Juruena, Mato Grosso, 13°24’S, 59°00'W
(MZUSP 35114: G. peruanus).

14. Fazenda Quatro Meninas, Mato Grosso, 15°20’S,
58°33'W (INPA 6741; MSF 921, 934, 953, 995, 975,
988, 998, 1012, 1038, 1054; G. peruanus).

15. Fazenda Agua Limpa, Mato Grosso, 15°17’S,
58°37'W (INPA 6740, MSF 881, 906: G. peruanus;
MSF 1154: G. agilis). Locality of sympatry.

16. Fazenda Araputanga, Mato Grosso, 15°21’S,
58°26'W (INPA 6738, 6739, MSF 228, 308, 344, 355,
356: G. peruanus).

17. Fazenda Bandeirantes, Mato Grosso, 15°22’S,
58°24'W (MSF 244, 251 257, 816: G. peruanus).

18. Fazenda Alto Jauru, Mato Grosso, 15°27’S,
58°26"W (INPA 6736, 6737, MSF 12, 15, 203, 207,
213, 216, 219: G. peruanus).

19. Fazenda Canaa, Mato Grosso, 15°27’S, 58°35'W
(MSF 454, 816: G. peruanus).

20. Fazenda Monte Fusco, Mato Grosso, 15°32’S,
58°37'W (MSF 233, 261, 340, 341, 357, 358, 359,
360, 361: G. peruanus).
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21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Fazenda Pau D’Alho, Mato Grosso, 15°22’S,
58°04'W (MSF 414: G. peruanus).

Serra do Expedito, Aripuana, Mato Grosso
11°03’S, 59°30'W (UFMT 1379: G. peruanus).
Chupinguaia, Rondonia, 12°14’S, 60°44'W
(UFMT 3816: G. peruanus).

Municipio de Vilhena, Rondénia, 12°43’S,
60°17'W (UFMT 1306: G. peruanus).

APM Manso - Rio Casca, Mato Grosso, 14°42’S,
56°16" W (UFMT 461: G. agilis).

Escola Evangélica Buriti, Mato Grosso, 15°24'S,
54°48'W (UFMT 124: G. agilis).

Fazenda Moreninha, Mato Grosso, 15°20’S,
56°38'W (MSF 1056, 1067: G. peruanus).
Fazenda Pouso Alegre, Mato Grosso, 16°16’S,
56 38'W (UFMT 621: G. agilis).

Fazenda Retiro Novo, Mato Grosso, 16°22’S,
56°17'W (UFMT 683-693, 726, 729: G. agilis).
RPPN Acurizal, Serra do Amolar, Mato Grosso
do Sul, 17°49’S, 57°33'W (MZUSP 35311,
UFMT 1611, 1613: G. agilis).

Base de Pesquisas do IBDF, Transpantaneira,
Mato Grosso, 17°07’S, 56°56'W (MZUSP 35309:
G. agilis).

PARNA Pantanal, Mato Grosso, 17°51’S, 57°25'W
(MZUSP 35185, 35186, 35187, 35188, 35189, 35190,
35191, 35192: G. agilis).

Utiariti, Rio Papagaio, Mato Grosso, 13°02’S,
58°17'W (MZUSP 12572: G. agilis).

Fazenda Eldorado, Barra do Gragas, Mato Grosso,
15°35°S, 52°17'W (UFMT 2043, 2044: G. agilis).
Mineracao Caraiba, Nova Xavantina, Mato
Grosso, 14°38'S, 52°30'W (CM 382: G. agilis).
Margem esquerda do Rio Cumbuco, Primavera
do leste, Mato Grosso, 15°13’S, 54°03'W
(UFMT 1039: G. agilis).

Jaciara/Jucimeira, Mato Grosso, 16°07’S, 55°01'W
(UFMT 3817, 3818: G. agilis).

Rio Taquari, Mato Grosso, 17°56’S, 53°23'W
(MZUSP 35271-35274: G. agilis).

Cocalinho, Mato Grosso, 14°16’S, 50°59'W
(MZUSP 35301-35306; G. agilis).

Rio Garga, Tesouro Mato Grosso, 16°01'S, 53°26'W
(MZUSP 35275, 35276: G. agilis).

Fazenda Espigao, Itiquira, Mato Grosso,
15°20°S, 53°51'W (MZUSP 34697, 34706, 34707:
G. agilis).

Fazenda Araras, Itiquira, Mato Grosso,
17°14’S, 53°41'W (MZUSP 34701, 34702, 34705:
G. agilis).

Toricoejo, Rio das Mortes, Mato Grosso, 15°13’S,
53°10'W (MZUSP 35279-35297: G. agilis).

Serra das Araras, Mato Grosso, 15°39'S, 53°12'W
(MZUSP 35307-35308: G. agilis).

Sao José, Mato Grosso, 13°27’S, 56°43'W
(MZUSP 35300: G. agilis).

46

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

. Rio Garca, Guiratinga, Mato Grosso, 15°37’S,
53°25'W (MZUSP 35277-35278: G. agilis).

Rio Juruena, Mato Grosso, 13°19’S, 59°2'W
(MZUSP 35298, 35299: G. agilis).

Alta Cachoeira, Goids, 18°43'S, 51°19'W (CM 598:
G. agilis).

Base de Pesquisas do Pantanal, Mato Grosso,
17°07’S, 56°77'W, Costa et al. (2003), Loss et al.
(2011) (UFMG 2497: G. agilis).

Chapada do Araripe, Ceara, 07°17’'S, 39°27'W,
Costa et al. (2003), Léss et al. (2011) (UFMG 2504;
G. agilis).

Floresta Nacional de Ipanema, Sio Paulo,
23°26’S, 47°37T'W, Loéss et al. (2011), type locality
of G. microtarsus (UFMG 2537: G. microtarsus).
Lagoa Santa, Fazenda das Bicas, Minas Gerais,
19°38’S, 43°53'W, Léss et al. (2011) (MN 31445:
G. microtarsus).

Lagoa Santa, Sitio no Bairro Quebra, Minas
Gerais, 19°38’S, 43°53'W (UFPB 2432:
G. microtarsus).

Riacho Grande, Siao Bernardo do Campo, Sao
Paulo, 23°42’S, 46°33'W (MZUSP 30641, 30745,
30752: G. microtarsus).

Fazenda Intervales, Capao Bonito, Sdo Paulo,
24°20'S, 48°26'W (MZUSP 29159: G. microtarsus).
Fragmento Zezinho, Caucaia do Alto, Séao
Paulo, 23°45'42”S 47°05'23"W (MZUSP 32659:
G. microtarsus).

Buri, Siao Paulo, 23°48’S,
(MZUSP 31009: G. microtarsus).
Ilha dos Buzios, Sio Paulo, 23°48’S, 45°08'W
(MZUSP 12739: G. microtarsus).

Ponte do Colatino, Minas Gerais, 16°36’S,
42°12'W, Costa et al. (2003), Léss et al. (2011)
(UFMG 2495: G. agilis).

Piraquara, Paranad, 25°27’S, 49°04'W, Léss et al.
(2011) (MHNCI 2793: G. microtarsus).

Sido Joao da Serra do Norte, Rondonia, 12°44’S,
60°08'W, (MN 1276: Thylamys rondoni,
paralectotype). The coordinates given by Hershkovitz
(1992) are erroneous; we are using the coordi-
nates provided by Vanzolini (1992).

Fazenda Cachoeira, Vilhena, Rondo6nia, 12°43’S,
60°17'W (MPEG 34925: G. peruanus).

Ipui, Ceara, 04°20’S, 40°42'W (BMNH 11.4.23.24:
Marmosa agilis beatrix, holotype).
Near Belém, Para, 01°27'N,
(BMNH 9.3.9.10: G. emiliae, holotype).
Sao Bento, Goias, 18°27’S, 51°47'W (MN 1250:
Marmosa blaseri, holotype).

48°34'59"W

48°29'W

BoLivia

66

. El Refugio, Huanchaca, Santa Cruz, 14°46’S,
61°02'W (MNK 3744: G. peruanus).
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67. Buenavista, Santa Cruz, 17°27’S, 63°21'W
(BMNH 26.12.4.91: Marmosa agilis buenavistae,
holotype).

68. Rio Aceramarca, La Paz, 16°18’S, 67°53'W
(AMNH 72568: Gracilinanus aceramarcae,
holotype).

PERU

69. Nuevo San Juan, Rio Galvez, Loreto, 05°15’S,
73°10'W, Voss et al. (2009), Giarla et al. (2010)
(MUSM 15292: G. emiliae).

70. La Convencion, Cordillera de Vilcabamba, Junin,
11°40’S, 73°38'W, Costa et al. (2003), Léss et al.
(2011) (MUSM 13002: G. aceramarcae).

71. Tingo Maria, Hudnuco, 09°08’S, 75°57'W
(BMNH 27.11.1.268: Marmosa agilis peruana,

holotype; BMNH 27.11.1.269: M. a. peruana,
topotype).

VENEZUELA

72.

73.

74.

75.

76.

Rio Albarregas, Mérida, 08°31'N, 71°09'W
(BMNH 98.5.15.1: G. marica, holotype).
Cafetales de Milla or Mérida, Mérida, 08°36'N,
71°08'W (AMNH 21319, 21324, 21329, 21331:
G. marica).

Selva Culata, Cordillera de Mérida, Mérida,
08°50’N, 71°00'W (BMNH 98.5.15.2: G. dryas,
holotype).

Uchisera, Cordillera de Mérida, Mérida, 09°00’N,
71°00'W (BMNH 98.7.1.26, 98.7.1.27: G. dryas).
Montes de la Serra, Cordillera de Mérida, Mérida,
08°36'N, 41°08'W (BMNH 13.2.3.15: G. dryas).
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