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ABSTRACT. We describe a new species within the sigmodontine rodent genus Neacomys that inhabits
the Cordillera del Céndor, southeastern Ecuador. The new Neacomys is easily distinguished from other
species in the genus by the combination of the following characters: small size (~69 mm of head-body
length), moderately long tail (~55.5% longer than head-body length), venter fur with golden color, very large
postglenoid foramen, anterocone of upper first molar undivided, presence of paralophule and spur of enamel
on the upper first molar, upper molars with small labial cusps, and lower molars with small lingual cusps.
Phylogenetic analyses based on cytochrome b gene (Cyt b) sequences indicate that the new species is sister to
the “tenuipes” and “dubosti” groups. Given distinctive morphological characters we propose the recognition of
a new species group for this new species. This new Neacomys, endemic to the Cordillera del Céndor, presents a
genetic distance between 12% and 15% to other species. Finally, we consider that N. amoenus carceleni exhibits
sufficient distinctive genetic and morphological characteristics to be considered as a species. With the new
entity described here and the change of status of N. carceleni, the diversity of the genus rises to 17 species. In
this context, this small terrestrial oryzomyine appears an ideal candidate to contribute relevant information to
the complex puzzle of Amazonian landscape evolution.

RESUMEN. Una nueva especie de raton espinoso del género Neacomys (Cricetidae: Sigmodontinae)
de Cordillera del Condor, Ecuador. Describimos una nueva especie de roedor sigmodontino del género
Neacomys que habita en la cordillera del Céndor, sureste de Ecuador. La nueva entidad se distingue facilmente
de sus congéneres por la combinacion de los siguientes caracteres: tamafio pequefio (longitud cabeza-cuerpo
~69 mm), cola larga (~55.5 % mas que la longitud cabeza-cuerpo), vientre con pelaje dorado; foramen
postglenoideo muy grande, anterocono del primer molar superior no dividido, presencia de paraléfulo y una
proyecciéon de esmalte en el primer molar superior; molares superiores con cuspides labiales reducidas y
molares inferiores con cuspides linguales reducidas. Los analisis filogenéticos usando el gen mitocondrial
citocromo b (Cyt b) indican que la especie nueva es hermana a los grupos “tenuipes” y “dubosti”. Al presentar
caracteres morfoldgicos distintivos, proponemos el reconocimiento de un nuevo grupo para contenerla. Esta
nueva especie, endémica de la Cordillera del Condor, presenta una distancia genética entre 12 % y 15 % con los
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grupos ya conocidos. Finalmente, consideramos que N. amoenus carceleni presenta caracteristicas morfologicas
y genéticas suficientemente diferentes para ser tratada como especie valida. Con la nueva entidad aqui descrita
y el cambio de categoria de N. carceleni, la diversidad del género Neacomys asciende a 17 especies. En este
contexto, este pequerio orizomino terrestre parece ser un candidato ideal para contribuir informacién relevante
al complejo rompecabezas del panorama evolutivo amazonico.

Palabras clave: Amazonia, Andes, diversidad, montaias extra-andinas, Oryzomyini.
Key words: Amazonia, Andes, diversity, extra-Andean mountains, Oryzomyini.

INTRODUCTION

The genus Neacomys Thomas, 1900, distributed from
Panama to Bolivia, inhabits lowland forests of south-
ernmost Central America and Amazonia, and lower
Andean forests (Weksler & Bonvicino 2015; Hurtado
& Pacheco 2017; Pardifias et al. 2017; Sanchez-
Vendizu et al. 2018; Semedo et al. 2020). These are
oryzomyine rodents of small size (head-body length
of 62-105 mm), with short and grooved spines and
regular guard hair, a reddish-brown dorsal coloration
and marked belly countershaded. Females have eight
mammae in inguinal, abdominal, postaxial and pec-
toral pairs. The skulls share evident supraorbital
crests, small and pentalophodont molars, mesoloph
developed in the two first upper molars fused to
the mesostyle, and lacks accessory roots (Voss et al.
2001).

Neacomys includes 17 species of terrestrial rodents
(Weksler & Bonvicino 2015; Hurtado & Pacheco
2017; Pardifias et al. 2017; Sanchez-Vendizu et al.
2018; Semedo et al. 2020), assigned to four species
groups with molecular and morphological agree-
ment (Hurtado & Pacheco 2017; Sanchez-Vendiza
et al. 2018; Semedo et al. 2020): “dubosti”, “paracou”,
“spinosus”, and “tenuipes”. Part of this diversity has
recently been described (Hurtado & Pacheco 2017;
Sanchez-Vendizua et al. 2018; Semedo et al. 2020),
indicating an active process of revision of this ory-
zomyine.

Based on material collected in the Cordillera del
Condor, an isolated mountain ridge in southeastern
Ecuador, we describe a new species of Neacomys.
This elevated terrain, a branch of the Andes with
biogeographical links to the Guiana shield (Berry
et al. 1995), is a hotspot of species richness and
endemism of plants (Schulenberg & Awbrey 1997)
and animals (Guayasamin & Bonaccorso 2011; Freile
et al. 2014; Almendariz et al. 2014; Reyes-Puig et
al. 2017). Likewise, based on material from different
localities in the Amazon of Ecuador, we reviewed
the taxonomic status of Neacomys amoenus carceleni
(Hershkovitz, 1940).

MATERIALS AND METHODS

Studied specimens

We conducted collecting expeditions in five localities of
the Cordillera del Céndor, during assessments of environ-
mental impact developed between the years 2010-2016.
For the capture of terrestrial small mammals, we used
Sherman live traps (7.5 x 9 x 27 cm; H. B. Sherman Traps,
Tallahassee, Florida) and pitfall traps (Voss et al. 2001) and
followed animal management guidelines recommended
by Sikes et al. (2016). We trapped for three consecutive
days in each study site, employing a variable number of
traps. The sampling effort averaged 2 000 trap/nights, and
all specimens belonging to Neacomys were captured in
pitfall traps. These individuals and other Neacomys were
directly compared to numerous oryzomyines deposited in
Ecuadorian and Colombian mammal collections, according
to the following detail: Museo de la Escuela Politécnica
Nacional (MEPN; Quito, Ecuador); Museo de Zoologia de la
Pontificia Universidad Catélica del Ecuador (QCAZ; Quito,
Ecuador); Instituto de Investigacion de Recursos Biologicos
Alexander von Humboldt (IAvH-M, Bogot4, Colombia),
and Instituto Nacional de Biodiversidad (MECN; formerly
known as Museo Ecuatoriano de Ciencias Naturales; Quito,
Ecuador). All the studied material is listed in APPENDIX 1
and Table S1.

DNA Extraction, amplification, and
sequencing

We obtained sequences of the mitochondrial cytochrome
b gene (Cyt b) from Ecuadorian Neacomys amoenus carce-
leni, N. rosalindae, N. tenuipes, and the new species here
described from Cordillera del Céndor (Neacomys sp. nov.).
We conducted PCR amplifications with the primers MVZ05,
MVZ14 and MVZ16H (Smith & Patto 1993), with the fol-
lowing amplification profile: an initial denaturation at 94°C
for 180 s, 35 cycles of denaturation at 94°C for 45 s, primer
annealing at 45°C for 30 s, and the final elongation at 72°C
for 600 s (Hurtado & Pacheco 2017). In some cases, the
annealing temperature was modified to 47°C for 60 s. For
difficult samples we used the primer pair L-14115 and H-
14963 (Sullivan et al. 2000) with the following amplification
profile: initial denaturation at 94°C for 120 s, 35 cycles of
denaturation at 94°C for 60 s, primer annealing at 48°C
for 60 s, elongation at 72°C for 60 s, and final elongation
at 72°C for 600 s. The PCR products were sequenced by
Macrogen Inc., South Korea. The sequences were deposited
in GenBank; accession numbers are provided in Table S2.
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Phylogenetic analyses

The sequences were edited and assembled using the
Geneious R11 program (<https:/www.geneious.com>)
and aligned using the Clustal-W tool. We used the program
PartitionFinder2 (Lanfear et al. 2017) to obtain the best
partition and scheme of substitution models; the alignment
was divided in three partitions with the following models:
SYM+I+, HKY+I+G, GTR+I+G for first, second and third
codon positions of the CYTB gene and implemented in the
Bayesian analysis. We conducted analyses of Maximum
Likelihood (ML) and Bayesian Inference (BI). The ML anal-
ysis was conducted with RAxML 8.2.10 (Stamatakis 2014)
under the GTRGAMMA model, with 10 alternative runs
on randomized maximum parsimony starting trees. Nodal
support (BS) was assessed with the rapid bootstrapping
algorithm under the MRE-based Bootstopping criterion
(1000 replicates). The BI analysis was conducted with
MrBayes 3.2 (Ronquist et al. 2012); four chains were run for
10 000 000 generations, with a sampling every 1000 gener-
ations and a burn-in of 0.25. Convergence was evaluated
by the effective sample size (EES) and the potential scale
reduction factor (PSRF). For most of the parameters the EES
should be >200 and for the PSRF most of the values of the
parameters should be between 1.0 and 1.2. In both analyzes
we used the same species from Hurtado & Pacheco (2017),
Sanchez-Vendizu et al. (2018), and Semedo et al. (2020) as
out-groups. We calculate the uncorrected genetic distances
(p-distance) in MEGA X (Kumar et al. 2018). We obtained
the distance between each of the species, and the genetic
variation within each species. Additionally, we perform a
grouping of the sequences to obtain the genetic distance
between the groups.

Micro CT Scanning

For a more detailed recording of the morphological char-
acters of the skull, the holotype of the new species de-
scribed here (MEPN 12081; see below) was scanned using
a high-resolution micro-computed tomography (micro-CT)
desktop device (Bruker SkyScan 1272, Kontich, Belgium)
at the Zoologisches Forschungsmuseum Alexander Koenig
(ZFMK, Bonn, Germany). To avoid movements during
scanning the skull was placed in a small plastic container
embedded in cotton wool. Acquisition parameters resulted
in a scan duration of 1 h 33 min and comprised: 2 connected
scans with 627 projections; 0.3° rotation steps over 180°;
spatial resolution of 13.005786 ptm; 35 kV; 200 ©A; no filter;
frame averaging of 7; random movement of 15; 800 ms
exposure time. The CT-dataset was reconstructed with N-
Recon software version 1.7.1.6 (Bruker MicroCT, Kontich,
Belgium) and rendered in three dimensions using CTVox
for Windows 64 bits version 3.0.0 r1114 (Bruker MicroCT,
Kontich, Belgium). The reconstructed image stacks of the
CT-scan were uploaded to www.morphdbase.de, and can
be accessed via the direct links <http:/www.morphdb
ase.de/?C_Koch_20200908-S-8.1> (for the cranium) and
<www.morphdbase.de/?C_Koch_20200908-S-7.1> (for the
mandible).

Anatomy and measurements

We follow the terminology of external and cranial charac-
ters of Reig (1977), Carleton & Musser (1989)), Patton et al.
(2000), Voss et al. (2001), and Hurtado & Pacheco (2017). The

soft anatomy was characterized based on the concepts of
Carleton (1973), Vorontsov (1967), and Pardifias et al. (2020).
We followed the terminology and definitions employed by
Tribe (1996) and Costa et al. (2011) for age classes and
restricted the term “adults” for those in categories 3 and 4.
We obtained the following external measurements, some
of them registered in the field and others recorded from
tags: head and body length (HB), tail length (TL), hind
foot length (HF, including claw), ear length (E), longest
mystacial vibrissae (LMV), length of longest superciliary
vibrissae (LSV), length of longest genal vibrissae (LGV),
and body mass (W, in grams). Cranial measurements (we
follow Carleton & Musser 1989; Patton et al. 2000; Voss et al.
2001; Hurtado & Pacheco 2017) were obtained with a digital
caliper at a precision of 0.01 mm: condylo-incisive length
(CIL), zygomatic breadth (ZB), breadth of braincase (BB),
least interorbital breastema (DL), crown length of maxillary
toothrow (MTRL); length of incisive foramen (IFL), length
of palatal bridge (PBL), mastoid breadth (MB), length of
basioccipital (BOL), breadth of foramen mesopterygoid
(MPFW), breadth of zygomatic plate (ZPB), cranial depth
(CP), and length of mandible (LM).

Morphometric analyses

The dataset analyzed comprises 16 craniodental mea-
surements, from 144 specimens belonging to five taxa:
Neacomys amoenus amoenus (n=50), N. amoenus carce-
leni (n=19), N. rosalindae (n=48), N. spinosus (n=12), and
Neacomys sp. nov. (n=15) (Table S1). We selected N.
amoenus amoenus, N. rosalindae and N. spinosus to compare
with N. amoenus carceleni and Neacomys. sp. nov. because
their geographical distributions are close (i.e., N. spinosus),
overlap (i.e, N. rosalindae), and because of their current
conspecific status (i.e., N. amoenus amoenus). Each mea-
surement was tested for normality using the Shapiro-Wilk
test. Seven of these measurements were not normally dis-
tributed, thus the whole dataset was log-transformed to im-
prove its statistical properties. The dataset contained 5% of
missing data. Therefore, to avoid eliminating individuals or
measurements from the analyses, we performed imputation
of missing data. Among the several options to impute
missing data, we choose the expectation-maximization
(EM) method because of its higher accuracy (Strauss et al.
2003; Clavel et al. 2014). We generated 100 imputed datasets
(m=100), which we averaged to obtain a single imputed
dataset. Prior to these analyses we checked for unusually
high pair-wise correlations among measurements. No pair
of variables had a correlation coefficient > 0.95, so no
variables were eliminated. We conducted 6 multivariate
analyses, 3 principal component analyses (PCA) and 3
discriminant function analyses (DFA) using the following
3 combinations of taxa: i) Neacomys sp. nov., N. amoenus
carceleni, and N. amoenus amoenus, ii) Neacomys sp. nov.,
N. amoenus carceleni, and N. spinosus, and iii) Neacomys sp.
nov., N. amoenus carceleni, and N. rosalindae. All analyses
were performed in R version 3.6.2 (R Core Team 2019).
Imputation of missing data was conducted with the Amelia
II package, version 1.7.6 (Honaker et al. 2011), and the
univariate and multivariate analyses were performed with
the R script MorphoTools version 1.1 (Koutecky “ 2015).
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Table 1
Genetic p-distances in percentages (%) between
groups of species recognized within the genus
Neacomys.

Groups 1 2 3 4 5
1 spinosus

2 tenuipes 8.60

3 paracou 1185 9.89

4 dubosti 7.75 6.02 10.75

5 auriventer sp. nov. 1032 9.21 13.15  9.55

Operational criteria for delimiting species

Species delimitation was performed following the unified
species concept (De Queiroz 2005, 2007). This concept
is flexible because its only requisite to define a species
is that it is “a separately evolving lineage segment” (De
Queiroz 2007). The secondary defining properties of a
species (e.g., monophyly and diagnosability) serve as lines
of evidence or operational criteria for delimiting species
(De Queiroz 2007). In this work, our lines of evidence
for delimiting species are morphological and molecular
data. The morphological diagnosability was based on dis-
crete internal and external morphological characters, and
continuous morphometric measurements. The molecular
diagnosability was based on genetic distances considered
standard for differentiating mammal species (i.e., Bradley &
Baker 2001), and the recovery of reciprocally monophyletic
groups.

RESULTS

Phylogenetic analyses

The ML and BI analyzes recovered the monophyly
of the genus Neacomys (Fig. 1) and produced similar
topologies in most cases, although in some species
(N. marajoara, N. musseri, N. vossi, N. xingu and one
sample of N. amoenus) there were certain differences
at the interspecific level. It is possible to identify four
main clades that correspond to the groups: “paracou”
(bootstrap support [BS]=100, posterior probability
[PP]=1.00), “spinosus” (BS=100, PP=1.00), “dubosti”’
(BS=68 , PP=0.84), “tenuipes” (BS=62, PP=0.98); in
addition, the samples from the Cordillera del Céndor
integrate a monophyletic clade (BS=100; PP=1.00)
related to the “dubosti + tenuipes” groups (Fig. 1).
The levels of genetic differentiation among these
groups are between 9.21% to 13.15% (Table 1). The
specimens from the Cordillera del Céndor present
a genetic divergence of 11.80% to 14.94% (Table 2)
with respect to the other species.

Within the “spinosus” group (Fig. 2), N.
vargasllosai (BS=97, PP=1.00) and N. spinosus
(BS=100, PP=1.00) formed strongly supported
clades. The clade of N. amoenus sensu lato (BS=87,

PP=0.99) presented two main clades: N. a. carceleni
(BS=50, PP=0.8) and N. amoenus “Northern Peru
[NP]/Central Andean-Amazonian [CCA]/Brazil-
Bolivia [BB]” (BS=-, PP=1.00). Within the latter
clade three monophyletic subclades were identified:
Northern Peru-NP (BS=56, PP=0.88), the Central
Andes and Amazon of Peru and Brazil-CCA (BS=70,
PP=-) and Northern Mato Grosso in Brazil and
the Northeast of Santa Cruz in Bolivia-BB (BS=87,
PP=1.00). The level of genetic differentiation
between the clade of N. a. carceleni and N. a.
amoenus NP/CCA/BB was 3.26% (Table 2), while
the genetic distances between the three subclades of
N. amoenus (NP/CCA/BB) were between 1.94% and
2.71% (Fig. S1).

Taxonomic comparisons: Cordillera del Céndor
population is distinguished from other Neacomys
groups based on tail length, which is ~55% longer
than head-body length, while it is short in the
“tenuipes” group (~15% longer than HB), short or
subequal in the “spinosus” group (~40% longer than
HB) and short or subequal in the “paracou” group
( 4% longer than HB). The ventral fur is golden,
while it is completely white to pale orange in the
“tenuipes” group, white to dull white in the “spinosus”
group and pure white in the “paracou” group. The
postglenoid foramen is very large, while it is small
or medium in the groups “tenuipes” and “spinosus”,
and medium in the “paracou” group. It shares an
undivided M1 anterocone with the “paracou” group,
whereas it is divided in the groups “tenuipes” and
“spinosus”. The paralophule M1 is present, while it
is absent in all other groups. Other differences are
summarized in Table 3. All these morphological fea-
tures indicate that Cordillera del Condor population
does not belong to any previous recognized group,
and it constitutes an own new group.

Morphometric analyses

The PCAs showed considerable overlap between
species, but in the DFAs clear separation of species
was achieved (Fig. 3). The first two principal com-
ponents in the three analyses explained 61.13%,
67.56%, and 75.37% of the variation, respectively
(Table 4); meanwhile, the DF1 explained from
52.56% to 64.14% of the variation in the DFA analyses
(Figs. 3B, D, F). Species showed higher differentiation
along the first PC and DF axes. In the DFA, the
newly validated species N. carceleni is completely
differentiated from N. amoenus (Fig. 3B). However, N.
carceleni overlaps the most with N. rosalindae (Figs.
3E, F). The new species from Cordillera del Céndor is
easily differentiated from almost all the other species
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MEPN11863 Croupiauere

MEPN12312
0.87/82
MEPN12313

MEPN12314

1.00/100 N. auriventer sp. nov
— MEPN11870

MEPN12306
0.76/56
MEPN12079

MEPN12086

MEPN12110

Fig. 1. Phylogeny of the genus Neacomys (Cricetidae: Sigmodontinae): Tree resulting from the Bayesian Inference analysis
of the Cyt b gene. The numbers indicate Bayesian posterior probabilities (PP, left of the slash) and Maximum Likelihood
bootstrap support values (BS, the right of the slash). Five clearly differentiated clades were observed, belonging to the groups:
"paracou” (violet), "spinosus" (blue), "dubosti" (green), "tenuipes" (red) and the new group "auriventer" (yellow).
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Table 3
Selected anatomical traits to distinguish morphologically groups of species recognized within Neacomys.

"paracou”

"spinosus"

"auriventer"

"tenuipes”

“dubosti”

Body size small (69-87 mm) medium (72-102 small (64-75 mm) small (62-99 mm) small (62-88 mm)
mm)
Hind feet large (18-22 mm) large (19-26.5mm)  large (20-24 mm) small (17-28 mm) small (13-26 mm)
Tail short; subequal to short; subequal to long; 55% larger short; 15% larger short; subequal to
larger than 40% larger than than head-body than head-body larger than
head-body length head-body length length length head-body length
Pencil absent absent only in N. present absent present
carceleni
Ventral fur often pure white dull white to orange completely white pure white,
smoke white to pale orange yellowish white
or buffy white
Rostrum very short large large short or large notably broad
Postglenoid foramen medium small or medium very large small or medium large
Subsquamosal fenestra very small small or large large small or large small or large
Anterocone M1 undivided divided undivided divided undivided
Spur of enamel in M1 present absent absent absent absent
Paralophule M1 absent absent present absent absent
Source Voss et al. (2001) Hurtado & This study Patton et al. Semedo et al.
Pacheco (2017) (2000); Voss et al. (2020)

(2001);
Sanchez-Vendiza
et al. (2018)

1.00/100

0.88/50

0.05

Group “spinosus”

I N. vargasllosai

N. spinosus

N. a. carceleni

Northern Peru
(Hurtado & Pacheco 2017)

Central Andes - Amazonia
(Hurtado & Pacheco 2017)

Brazil - Bolivia

N. a. amoenus

included in the analyses, with the exception of N.
spinosus (Figs. 3C, D).

The molecular and morphological data presented
above indicate that the spiny mice from Cordillera
del Céndor represent a new species. We provide
below a definition of the species, followed by a
description and comparison with other congeneric
forms and a discussion of its relationships. Also, we
propose that N. amoenus carceleni should be recog-
nized as a valid species and, therefore, treated as N.
carceleni Hershkovitz, 1940, new combination. This
species is present in the lower Amazon of Ecuador
and Peru, while N. amoenus sensu lato is restricted
to the north of the Amazon and the Central Andes
of Peru, the southeast of Bolivia and the Amazon of
Brazil.

Fig. 2. Phylogeny of the group "spinosus" of genus
Neacomys (Cricetidae: Sigmodontinae) Tree resulting from
the Bayesian Inference analysis of the Cyt b gene. Numbers
indicate Bayesian posterior probabilities (PP, left of the
slash) and Maximum Likelihood bootstrap support values
(BS, right of the slash).
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Table 4
Percentage of explained variation and loadings of the first two principal components of the PCAs conducted
on 5 species of Neacomys. Abbreviations of the measurements are explained in the text and Table S1 and PCAs

are depicted in Figs. 3A, C and E.

PCA (Fig. 3A) PCA (Fig. 3C) PCA (Fig. 3E)
PCI PC2 PCI PC2 PCI PCZ
% Variation 49.84 11.29 54.47 13.09 67.22 8.37
1 CIL 0.9235 -0.1803 0.9533 -0.2459 -0.9611 0.0675
2 ZB 0.9017 -0.2303 0.9344 -0.0496 -0.9526 -0.0648
3 BB 0.6315 -0.4137 0.7196 0.1886 -0.8773 -0.2070
4 10C 0.2647 -0.6433 0.3969 -0.2323 -0.6882 -0.2144
5 RL 0.6370 0.5535 0.5467 0.6644 -0.7862 0.1155
6 NL 0.7242 -0.2163 0.7827 -0.2312 -0.9042 -0.0139
7 RW-1 0.8167 -0.0663 0.8388 0.0801 -0.9127 -0.0852
8 oI 0.8859 0.3004 0.9171 -0.0438 -0.8568 03819
9 DL 0.8261 -0.2373 0.9203 -0.0313 -0.957 0.0206
10 MTRL 0.7131 0.0498 0.8551 -0.3198 -0.8853 -0.0293
11 IFL 0.7160 0.5356 0.7321 0.2703 -0.7717 0.1416
12 MB 0.4883 -0.1121 0.4062 0.5856 -0.8151 -0.3939
13 BOL 0.7329 -0.0966 0.7730 -0.0567 -0.7566 0.2599
14 MPFW 0.4403 0.5552 0.3724 0.161 0.2662 0.8496
15 ZPB 0.7891 0.0142 0.846 -0.4103 -0.8894 0.0859
16 CP 0.4025 0.1109 0.2654 0.8495 -0.5329 03184
A C E

00

PC2(13.0%)

PC2 (11.29%)

70

00

PC2 (8.37%)

50

&0 PC1 (49.82%) 00 ) 60 PCI(5447%) 00
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0 80 T 80 DF1 (58.09%) 00 20 )

Fig. 3. Morphometric analyses of five species of Neacomys. A) Scatter plot of the PCA of N. auriventer, N. carceleni and N.
amoenus. B) Scatter plot of the DFA of N. auriventer, N. carceleni and N. amoenus. C) Scatter plot of the PCA of N. auriventer,
N. carceleni and N. spinosus. D) Scatter plot of the DFA of N. auriventer, N. carceleni and N. spinosus. E) Scatter plot of the
PCA of N. auriventer, N. carceleni and N. rosalindae. D) Scatter plot of the DFA of N. auriventer, N. carceleni and N. rosalindae.

Taxonomy

Subfamily Sigmodontinae Wagner, 1843
Tribe Oryzomyini Vorontsov, 1959
Genus Neacomys Thomas, 1900
Neacomys auriventer sp. nov.
Golden-belly Spiny Mouse
Ratén espinoso de vientre dorado
LSID: urn:lsid:zoobank.org:pub:20ESEF9E-2486-
4F76-8B7F-7DBA891CD6DA

Holotype

An adult male (MEPN 12081) preserved as skin, skull,
postcranial skeleton and a tissue sample, collected
on September 11, 2011 by Alfonso Arguero.

Paratopotypes

A young male (MEPN 12078) and an adult female
(MEPN 12079) collected on September 10, 2011 by
A. Arguero; two adult males (MEPN 11846, 11863)
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collected on October 23 and 28, 2010, and two
adult females (MEPN 11854, 11870) collected on
October 24 and 30, 2010 by A. Arguero, and Angel
Angamarca; four adult males (MEPN 12306, 12312-
14) collected on July 15, by Marilyn Novillo; an adult
female (MEPN 12557) collected on October 9, 2014
by Alejandro Mesias.

Paratypes

Two adult males (MEPN 12086-87) collected on
September 21, 2011, and an adult female (MEPN
12110) collected on May 1, 2012 by A. Arguero
and Angel Angamarca in the Refugio de Vida
Silvestre El Zarza (3°48’18.16”S, 78°30°24.24”W, 1,460
m), Parroquia Los Encuentros, Cantén Yantzaza,
Province of Zamora Chinchipe, Ecuador; two adult
males (MEPN 12485, 12306) collected on January
29, 2014 by A. Mesias in Las Pefias (3°46’36.46”S,
78°29°44.59°W, 1,633 m), Parroquia Los Encuentros,
Cantén Yantzaza, Province of Zamora Chinchipe,
Ecuador; an adult male (MECN 5420) collected on
November 19, 2016 by Janina Bonilla in Tundayme
(3°34°44.17S, 78°24°45.4°W, 1,729 m); and an adult
male (MECN 5423) collected on November 5, 2016 by
Rubi Garcia in Tundayme (3°34°54.67S, 78°24’37.9"W,
1,885 m), Parroquia El Pangui, Province of Zamora
Chinchipe, Ecuador.

Type locality

Paquisha Alto (3°55’4.12”S, 78°29°33.78”W, [coor-
dinates taken by GPS at the trapsite], 1,885 m),
Parroquia Paquisha, Cantén Paquisha, Province of
Zamora Chinchipe, Republica del Ecuador.

Diagnosis

A species of Neacomys with the following combi-
nation of characters: small size (head-body length
~69 mm); tail long (55.5% longer than head and
body length); belly fur golden; postglenoid foramen
very large; M1 anterocone undivided; presence of
paralophule on M1; M1-M3 and m1-m3 with reduced
labial and lingual cusps, respectively; mesoloph in
M1 wide; hypoflexus in M2 wide and tilted towards
the metacone; mesoflexid in m1 large; posterolophid
in m1 wide with hypolophulid; hypoflexid in m2
wide and tilted towards the posteroflexid.

Morphological description

The following description was based on all speci-
mens available. Neacomys auriventer sp. nov. is a
spiny mouse of small size (head and body length=64-
75 mm). The dorsal pelage is dark brown; soft hairs
are mixed with spines; in average dorsal hairs are 10

mm in length. The soft hair is tricolor, with a black
band at the base, a light brown band in the middle
and a black apical band. The posterior mystacial
vibrissae are thick and long (29-39 mm), surpassing
the auricular pinnae when adpressed back; two
superciliary vibrissae (18-32 mm) are present. Two
medium-sized genal vibrissae (27-32 mm) are also
present, which are more slender than the mystacial
vibrissae. The two interramal vibrissae (5-6 mm) are
inserted at a basal protuberance. The ears are small
(12-15 mm) and oval in outline. Although the ears
seem to be Naked, they are covered with short yellow
hairs. The base of the internal ears is pale yellowish
and the edges are dark, the hairs are black and
medium in size. A small pale orange postauricular
patch is present. The pelage on the throat is orange
and extends up to the corners of the mouth. The
ventral pelage is golden (Fig. 4), and the hairs are on
average 5 mm in length at the middle of the belly. The
ventral hairs are bicolored with the basal half gray
and the apical half golden. The tail is uniformly dark,
slender and long (51.1-55.5% longer than head and
body length). It is covered with squared scales (16-
18 rows/cm near the base), with dark-brown hispid
three hairs emerging from the base of each scale,
not longer than 1.5-2 scale rows. The hairs of the
terminal portion of the tail form a small tuft (<5 mm).
Females have eight mammae arranged in pectoral,
toraxic, abdominal and inguinal pairs.

The manus is slender and short. The first digit
is reduced with a short and wide claw. The other
claws are short and curved. Ungual tufts are white
and extend beyond the claw ends. The dorsal surface
has a patch at the level of the metacarpal bones,
with evident brown scales; each scale has three dark
brown hairs and sometimes the central hair is the
longest. Long carpal vibrissae, can extend beyond
the second interphalangeal of digit V. The digits are
relatively large; digit I is substantially shorter than
digit II; digit II is shorter than digit III; digit III is
slightly larger than digit IV; digit IV is larger than
digit V (Fig. 5). Hind feet are long and slender (20-24
mm); the ungual tufts are white and extend slightly
beyond the tip of claws. Their dorsal surface has an
ample metatarsal patch, with conspicuous brown
scales (Fig. 5); each scale has three dark brown
hairs. Large number of granules covers the most
of the plantar surface, including the spaces between
the pads and reaching the anterior border of the
thenar pad. The four interdigital pads are elevated
and similar in size; pads two and three are separated
by a small interspace, while pads two and four are
separated by an interspace of similar size than pad
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Fig. 4. Neacomys auriventer sp. nov. (Cordillera del Céndor, Ecuador). Top: adult male paratype (MEPN 12312), external
aspect in live. Bottom: dorsal and ventral views of adult male holotype (MEPN 12081). Scales = 10 mm.

one (Fig. 5). The hypothenar pad is small, while
the thenar pad is well developed, large and elevated
anteriorly. Digits are relatively short; digit I reaches
the base of digit II; digit II is slightly shorter than
digit IIT; digit III is slightly larger than digit IV; digit
IV is larger than digit V; digit V reaches the distal
end of the first phalanx of digit IV (Fig. 5); claws
short, unusually recurved, basally opened, except
the pollex which bears a Nail.

The cranium is moderately large for the genus
(average CIL=19.2 mm) with the braincase showing
a convex profile (Fig. 6). Dorsal profile of cranial
roof is flat from nasal to parietals to slope gently
downward toward occiput; the rostrum is short; pre-
maxillae slightly shorter than nasals not extending

anteriorly beyond incisors without forming a rostral
tube; gnathic process is very small; the suture be-
tween the nasal bones and the premaxillary reaches
the root of the zygomatic bone; the nasal bone is
narrow at the base and gradually widens forward;
the interorbital region is narrow; the supraorbital
edges are small and sharp; the zygomatic notches
are shallow and wide while seen from above; in
the olfactory sagittal plane are present two fronto-
turbinals, one interturbinal and three ethmoturbinals
(Fig. 7E); the lachrymal is small, with contact in
equal proportions with the frontal and maxillary;
the fronto-parietal suture is V-shaped; the brain-
case is rounded and inflated; the zygomatic plate is
wide (> M1 length) and slightly inclined forward;
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Fig. 5. Ventral (A) and dorsal (B) views right of the hind foot of the adult male paratype of Neacomys auriventer sp. nov.
(MEPN 12312; Cordillera del Céndor, Ecuador), and internal (C) and external (D) views of the stomach of the same individual.
Abbreviations: I-V = digits, b = bordering fold, co = cornified epithelium, d = duodenum, e = esophagus, ge = glandular

epithelium, i = incisura angularis. Scale = 5 mm.

in the zygomatic arch a small jugal is present; a
squamosal-alisphenoid groove is visible through the
translucent braincase, with a perforation where it
crosses the depression for the masticatory nerve;
the stapedial foramen is present and small, carotid
canal small, and expressed petrotympanic fissure
(Figs. 7B, D); the cephalic arterial supply is primitive
(pattern 1 of Voss 1988); the alisphenoid strut is
absent (Fig. 7C); anterior opening of alisphenoid
canal is present and small (Fig. 7C); the postglenoid
foramen is very large; the subsquamosal fenestra
is large and the hamular process of squamosal is
long (Fig. 7A); a well-developed tegmen tympani
is present; the auditory bullae are large, being the
stapedial process of bulla small but the meatus broad,;
the paraoccipital process is broad (Figs. 7A, D). The
Hill foramen is tiny; the incisive foramina are short
and wide, ending well anterior to the M1s anterior
faces; the capsular process of premaxillary is well
developed; the palate is wide and long with the ante-
rior border of the mesopterygoid fossa not reaching
M3s posterior faces; the palatal foramina are small
and numerous; the posterolateral pits are long and
paired, and located parallel to anterior part of the
mesopterygoid fossa; the mesopterygoid fossa is
broad as the parapterygoid plates, with the anterior

margin ()-shaped; the sphenopalatine vacuities are
elongated, occupying most of the presphenoid area;
the presphenoid is wide; the Eustachian tube is small
and has no contact with the pterygoid plate; the
petrosals are well-exposed (Fig. 7D).

The mandible with masseteric crest below the
procingulum of m1; the coronoid process is small,
slender, and bended backwards; the sigmoid notch
is oval; the condylar process is large and robust; the
angular notch is shallow, and the angular process is
blunt (Fig. 6).

The incisors are ophistodont, without grooves,
and with orange enamel. (Fig. 6); the molars are
brachydont and terraced (Fig. 8); the main cusps of
the upper molars are opposed, while those of the
lower molars are in a slightly oblique design.

The M1-M3 have small labial cusps (Fig. 8); the
M1 is rounded in outline; the procingulum is nar-
rower than the rest of the molar, with a rounded
anteromedian fossette present; a paralophule and
a spur of enamel are also presents (Fig. 8); the
mesoflexus is small; the metaflexus is large and wide;
the mesofossette is large; the posteroloph is large.
The M2 has a slim and reduced protoflexus; the
anteroloph is very small; the mesoflexus is short
and wide; the mesoloph is short; the mesofosette is
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Fig. 6. Skull of the holotype of Neacomys auriventer sp. nov.
(MEPN 12081; Cordillera del Céndor, Ecuador) in dorsal,
ventral, and lateral views. Scale = 5 mm.

rounded; the posteroloph is similar to M1. The M3
has a small paraflexus and shallow hypoflexus. The
upper molars have three roots each. The m1-m3 have
small lingual cusps (Fig. 8). The m1 is rectangular
m1 in outline; the procingulum is not divided into
labial and lingual conulids; the protoflexid is short
and slender; the hypoflexid is short and wide; the
mesoflexid is large; the metaconid has a metalophid;
the mesolophid is large; the posteroflexid is short,
broaden and with a hypolophulid; the mesofosette is
large. The protoflexid in m2 is small and short; the hy-
poflexid is wide and inclined with direction towards
the posteroflexid; the mesoflexid is short and slender;
the mesolophid is short and wide; the mesofosette is
large. The m3 is anteriorly-posteriorly compressed,

having a wide hypoflexid is wide and a
well developed anterolabial cingulum and
a protoflexid. The lower molars have two
roots each.
The gall bladder is absent (four spec-
imens examined: MEPN 11854, 11870,
12306, 12312). The stomach (four spec-
imens examined: MEPN 11854, 11870,
12306, 12312) is unilocular and hemiglan-
dular; the cornified epithelium lines the
corpus and shows a noticeable wrinkled
aspect, while the glandular epithelium
occupies the antrum and is slightly ex-
tended to the left of the esophageal open-
ing; the bordering fold is notorious for
being thick and long, surpassing the left
level of the incisura angularis; the in-
cisura angularis is moderately deep and
the plica angularis is well expressed with
a well-developed pars pyloricus (Fig. 5).
Measurements of the holotype (in
mm): Head and body length=75, tail
length=117, hind foot length (includ-
ing claw)=22, ear height=15, length of
longest mystacial vibrissae=29.5, length
of longest superciliary vibrissae=29.9,
length of longest genal vibrissae=31.24,
body mass (in grams)=17, condylo-
incisive length=19.9, length of upper di-
astema=6.1, length of palatal bridge=4.05,
crown length of maxillary toothrow=2.8,
length of incisive foramen=3.2, breadth
of mesopterygoid foramen=1.42, breadth
of rostrum=7.07, length of rostrum=7.1,
length of nasals=7.9, length of palatal
bridge=4.4, least interorbital breadth=4.5, zygomatic
breadth=11.8, breadth of zygomatic plate=1.8, orbital
fossa length=7.1, breadth of braincase=10.9, cranial
depth=8.3, mastoid breadth=10.3, length of basioc-
cipital=3.1, length of mandible=11.2. External and
craniodental measures of additional specimens are
listed in Table 5.

Taxonomic comparisons

Neacomys auriventer is the only known species
within the genus Neacomys that combines a small
size (head-body length 64-75 mm), tail much longer
than head-body (80-119 mm), and golden ventral
coloration (see Pardifas et al. 2017; Sanchez-Vendizu
et al. 2018; Semedo et al. 2020). These external traits
are useful to identify this species with confidence. In
the following paragraphs, we discuss additional char-
acters to distinguish N. auriventer from other con-
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geners (character states of other Neacomys species
are given between parentheses).

N. auriventer differs from N. tenuipes by having
longer tail than HB ~55% (15%); a small and in-
conspicuous lachrymal (big and visible); uninflated
nasolacrimal capsules (inflated); a broad and deep
zygomatic notch while seen from above (narrow and
deep); bottle-shaped otic bullae, which are broader
at the posterior end and narrower at the anterior end
(flask-shaped).

N. auriventer is different from N. amoenus by
having ungual tufts that extend beyond the claws
(do not extend beyond the claws); a large metacarpal
patch, with scales and dark hairs (absent); thin and
long genal vibrissae, which extend beyond the pinna
(short, do not extend over the posterior margin of
the pinna); a tail length ~55% longer than head-body
length, and tail ends in a small tuft 5 mm (the tail
does not end in a brush); an “U” shaped anterior
border of the foramen magnum (“V” shaped); a
narrow mesopterygoid fossa bearing a palatine spine
process (wide and without palatine spine).

N. auriventer is different from N. carceleni by
having a golden ventral coloration with grey at the
base (completely white); a yellowish orange postau-
ricular patch (bright orange); a large metacarpal
patch (small); short carpal vibrissae, reaching to
the base of the fifth digit (long, passing the second

Fig. 7. Selected aspects of qualitative anatomy
in the cranium of the holotype of Neacomys
auriventer sp. nov. (MEPN 12081; Cordillera del
Condor, Ecuador), scaled to the same length. A,
right temporal region in lateral view; B, dorsal
view of the basicranial region (roofing bones
of braincase removed); C, right squamosal-
alisphenoid region in lateral view; D, left au-
ditory capsule in ventral view; and E, 3D rep-
resentations of turbinal bones. Abbreviations:
aalc = anterior opening of alisphenoid canal, ab
= auditory bulla (ectotympanic), al = alisphe-
noid, bet = bony eustachian tube, bmt = trough
for masticatory-buccinator nerve, bo = basioc-
cipital, bs = basisphenoid, cc = carotid canal,
etl = ethmoturbinal I, etll = ethmoturbinal II,
etlll = ethmoturbinal III, ft1 = frontoturbinal
1, ft2 = frontoturbinal 2, fo = foramen ovale,
it = interturbinal, Is = lamina semicircularis,
pet = petrosal, pgf = postglenoid foramen, ps
= presphenoid, pt = petrosal, sag = squamosal
alisphenoid groove, stf = stapedial foramen, sfr
= sphenofrontal foramen, sq = squamosal.

interphalangeal joint of the fifth digit); a rounded
and inflated skull (more flat and elongated); weakly
developed and dorsally oriented supraorbital crests
(strongly developed, dorsolaterally oriented and
expanded supraorbital crests); shallow zygomatic
notches (deep); a narrow mesopterygoid fossa (wide);
an “U” shaped anterior border of the foramen mag-
num (“V” shaped); a narrow and short condylar
process (broad and short); an open sigmoid notch
(closed); a slightly shorter metaflexus of M1, not
reaching the labial margin (long, extending beyond
the labial margin); a narrow anteroloph of M2, reach-
ing the labial surface (broad and does not reach the
labial surface).

N. auriventer differs from N. vargasllosai by hav-
ing long carpal vibrissae, that could extend beyond
the second interphalangeal joint of digit V (short,
extending the first interphalangeal joint of digit
V); a narrow mesopterygoid fossa, with a small
posterolateral palatal pit (wide and with developed
posterolateral palatal pit); absence of a fontanelle
perforating the pterygoid plate (present); auditory
bullae, which are wide in the posterior region and
narrow in the anterior region (flask-shaped); a “()”
shaped anterior border of the foramen magnum (“A”
shaped); molars with opposed conules ( slightly); a
short and superficial protoflexus of M1 (large and
deep); a short hypoflexid of m1 which is perpen-
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Fig. 8. Occlusal view of right upper (left) and lower
(right) toothrow of the holotype of Neacomys auriventer
sp. nov. (MEPN 12081; Cordillera del Condor, Ecuador).
Abbreviations: m = mesoloph/id, mf = mesofossette/id, pl
= paralophule, se = spur of enamel. Scale = 0.5 mm.

dicular to the median mure (large and oblique); a
narrow anterolabial cingulum of m2 (wide); a short
hypoflexid of m2 which is oblique to the median
mure (large and perpendicular); a wide mesoflexid
of m3 (small).

N. auriventer is different from N. spinosus by
lacking a metatarsal patch (present); a tail length
55% longer than head-body length (20%); a rounded
and inflated skull (more flat and elongated); the
suture between the nasal and the premaxillary reach-
ing the root of the zygomatic (does not reach the
root of the zygomatic); small posterolateral palatal
pits (enlarged); long sphenopalatine vacuities, with
the anterior region wide while the posterior region
is narrow (long but with wide posterior region);
absence of alisphenoid strut (present); a long and
narrow lacerate foramen (long and wide); an oblique
and narrow paraflexus of M1 (parallel to the median
mure and wide); a short paraflexus, like a dimple,
which does not reach the labial margin (long and
reaches the labial margin); a metaflexus which is
divided in two fossettes that do not reach the labial
margin (long and reaches the labial margin); a long

Table 5
External and cranial measurements (in mm) and
weight (in grams) of adults of Neacomys auriventer
sp. nov. The values provided are observed range,

(mean#standard deviation) and sample size.

Males

Females

Head and body length
Tail length

Hind foot length
(including claw)

Ear length

Longest mystacial
vibrissae

Length of longest
superciliary vibrissae
Length of longest genal
vibrissae

Body mass
Condylo-incisive
length

Length of upper
diastema

Crown length of
maxillary toothrow
Length of incisive
foramen

Breadth of foramen
mesopterygoid
Breadth of rostrum
Length of rostrum
Length of nasals
Least interorbital
breadth

Length of palatal
bridge

Mastoid breadth
Length of basioccipital
Cranial depth
Zygomatic breadth
Breadth of zygomatic
plate

Orbital fossa length
Breadth of braincase
Length of mandible

66-75 (70£3.3) 8
80-119 (105.8+14.1) 8
20-24 (22.2£1.5) 8

12-15 (13.5+1.5) 8
29.6-38.3 (33.943.9) 8

26-31.3 (29.3+1.8) 8
27.3-32.5 (29.5+3.4) 8

13-18 (16.1+1.9) 8
18.06-20.4 (19.5+0.6) 11

3.9-6.3 (5.5+0.8) 11
2.7-2.9 (2.8+0.1) 11
2.7-3.2 (3.040.1) 11
1.2-1.8 (1.5+0.1) 11

3.9-4.3 (4.1£0.1) 11
6.4-7.1 (6.940.2) 11
7.8-8.8 (8.2+0.4) 11
4.2-4.7 (4.4£0.1) 11

4.04-4.1 (4.1£0.04) 6

9.2-10.2 (10£0.2) 11
2.6-3.2 (3.1£0.2) 11
7.5-8.6 (8.240.3) 11
11.1-12.1 (11.60.3) 11
1.6-2 (1.8+0.1) 11

6.2-7.3 (6.940.3) 11
10.7-11.1 (10.9+0.1) 11
10.6-11.4 (11£0.3) 8

64-75 (69.3£4.6) 4
101-117 (107.8£7.6) 4
20-24 (22+1.6) 4

13-14 (13.8+0.5) 4
29.4-39.8 (34.2+4.3) 4

25-30.4 (27.9+2.3) 4
29.6-31.4 (30.5£15.3) 4

12.5-13 (12.8+0.4) 4
17.8-20 (18.9 £0.9) 4

5.1-5.9 (5.5+0.4) 4
2.7-2.8 (2.740.07) 4
2.1-3.1 (2.6:0.4) 4
1.2-1.4 (1.3+0.08) 4

3.9-4.1 (4.1x0.1) 4
6.4-6.8 (6.6+0.2) 4
8.02-8.7 (8.3+0.4) 4
4.3-4.8 (4.6£0.1) 4

9.4-10.1 (9.9£0.3) 4
2.9-3.2 (3.120.1) 4
7.6-8.4 (8.04£0.3) 4
103-11.6 (11.1£0.5) 4
1.6-1.9 (1.7+0.1) 4

6.1-6.8 (6.6+0.3) 4
10.4-11.2 (10.8+0.3) 4
10.3-11.2 (10.7£0.4) 4

and narrow metaflexid of m1 (short and wide); a
short and deep hypoflexid, which does not reach
the median mure (long and superficial, reaches the
median mure); a narrow anterolabial cingulum of
m2 (wide); a short, narrow, and oblique hypoflexid
of m2 (long, wide and perpendicular to the median
mure).

N. auriventer can be easily separated from N. ros-
alindae (Sanchez-Vendizu et al. 2018) by having a tail
much longer than HB, ~55% (slightly longer tail than
HB, ~2%); golden ventral fur (pure white) (Fig. S2);
tail with 16-18 caudal scale rows per centimeter (17-
24); postglenoid foramen very large (large).

Additional comparisons among the species are
presented in Table 6.

Etymology

The specific epithet auriventer comes from the Latin
aureus=golden, and venter=belly, highlighting to the
noticeable coloration of the ventral fur.
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Table 6
Comparison of N. auriventer sp. nov. with selected Neacomys species.
Character N. auriventer N. rosalindae N. vargasllosai N. spinosus N. carceleni N. amoenus
Dorsal fur color Dark brown Deep orange Dark brown Reddish brown  Pale orange Pale orange
brown brown
Flanks of fur Yellowish Pale yellow Narrow and Reddish Pale Pale yellowish
orange yellowish ochraceous
orange
Ventral fur color Golden with Completely White with White with Completely White with
gray base white or gray base dark gray base white gray base
slightly buffy
Genal vibrissae Pass posterior Pass posterior Do not pass Pass posterior Do not pass Do not pass
border of the border of the posterior border of the posterior posterior
pinna pinna border of the pinna border of the border of the
pinna pinna pinna
Metatarsal patch Absent Present Absent Present Absent Absent
Tail 55% larger 2% larger than 40 % larger 20 % larger Subequal to 5% larger than
than head-body ~ head-body than head-body ~ than head-body ~ head-body head-body
length length length length length length
Pencil Present Present Present Present Present Absent
Rostrum Short and Short Narrow and Broad and Broad and Broad and
narrow laterally flat tapering tapering truncated
Gnathic process Short Short Short Short Large Short
Zygomatic notch Slightly deep Short and Shallow Shallow Shallow Deep
and wide seen shallow
from above
Lacrimals Small and Usually Squared, one Rounded, Squared, one Rounded,
narrow conspicuous half dip in the two-thirds dip half dip in the two-thirds dip
and rounded frontal in the frontal frontal in the frontal
Inner borders of the Anteriorly Posteriorly Posteriorly Posteriorly Posteriorly Posteriorly
incisive foramina convergent parallel convergent parallel parallel convergent
Diastema Flat With a small Flat Flat With a small Flat
hump hump
Eustachian tube Short Short Short Short Large Large
Bullae Bottle-shaped Flask-shaped Flask-shaped Globular Globular Globular
Anterior bullae Not in contact Not in contact Not in contact Almost in In contact with ~ Not in contact
process with the with the with the contact with the pterygoid with the
pterygoid plate  pterygoid plate  pterygoid plate  the pterygoid plate pterygoid plate
plate
Anterior border of Rounded U Obtuse V Obtuse V Obtuse V V shaped with Obtuse V
the foramen shaped shaped with a shaped with a shaped a small notch shaped
magnum moderate moderate
notch notch
Molar rows Posteriorly Parallel Parallel Parallel Posteriorly Parallel
convergent convergent
Antero median Does not reach Does not reach Does not reach Reaches labial Does not reach Reaches labial
flexus of M1 labial surface labial surface labial surface surface labial surface surface

Distribution and natural History

Specimens of N. auriventer were recorded in four
localities of the Cordillera del Céndor in Ecuador
(Fig. 9, Table S3). It lives in the mountain rainforests,
between 1460-1885 m. The zone corresponds to the
Eastern Mountain Forest (Ministerio Del Ambiente
del Ecuador 2013), in the zoogeographic regions

Eastern Subtropical and Temperate(Albuja et al.
2012). The specimens were captured on the ground
level, where the forest canopy is at 10 to 20 m, with
emerging trees that reach up to 25 m. Trees are
covered with abundant climbing plants, epiphytes,
ferns, hemiepiphytes and mosses. Above 1700 m, the
forest floor has entangling roots and abundant litter,
forming a false floor locally known as bamba (Jadan
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& Aguirre 2011; Almendariz et al. 2014). N. auriventer
was registered in sympatry with Akodon aerosus,
Hylaeamys tatei, Oecomys bicolor, Rhipidomys sp.,
and Thomasomys pardignasi.

Conservation status

We consider that N. auriventer should be classified as
Endangered (EN), following the criteria Bla, b(i,ii,iii)
of the TUCN (2012). The main reasons to support
the advanced status are: (1) it is estimated that the
extension of its distribution is less than 100 km?, and
(2) it has only been found in four localities in the
province of Zamora Chinchipe, which are all within
areas of a mining concession (ARCOM 2015; Roy
et al. 2018), and two localities are severely affected
by large operations of open-pit mining (Fig. 10).
The latter causes habitat loss (mainly deforestation),
produces a population decline, and increases the
risk of local extinctions as it has been reported
for the frog species Pristimantis zantzaza (Valencia
et al. 2017) and Hyloscirtus hillisi (Ron et al. 2018)
which are sympatric with N. auriventer. In addition,
habitat disturbance increases the risk of introducing
invasive species that displace native species and can
easily tolerate habitat changes, such as: the black
rat Rattus rattus, the brown rat R. norvegicus, and
the house mouse Mus musculus (Dowler et al. 2000;
Mena et al. 2007).

Neacomys carceleni Hershkovitz, 1940,
new combination

Neacomys carceleni Hershkovitz, 1940
Alberto Carcelén’s Spiny Mouse
Raton espinoso de Alberto Carcelén
Neacomys spinosus carceleni Hershkovitz, 1940:1
Neacomys amoenus carceleni: Hurtado and Pacheco,
2017, name combination

Holotype

An adult male (UMMZ 80171); skin, and skull, col-
lected on October 5, 1936 by P. Hershkovitz.

Type locality

“Llunchi, an island on the northern side of the Rio
Napo, west of the mouth of the Rio Jivino, latitude
and longitude approximately 0°37" S., 76° 46° W,;
parish of La Coca, Napo-Pastaza Province, Ecuador;
altitude about 250 meters” (Hershkovitz 1940:1).

Distribution

Neacomys carceleni occurs from 200 to 1885 m
(Hurtado & Pacheco 2017; Fig. 9 and Table S3) in

Eastern Ecuador, in the provinces of Napo, Morona
Santiago, Tungurahua, Orellana, Pastaza, Sucumbios,
Zamora Chinchipe; and in Peru, in the departments
of Loreto, Madre de Dios and Ucayali (Fig. 9; Hurtado
& Pacheco 2017).

Emended diagnosis

The external and cranial characters that allow N.
carceleni to be considered as a separate species
from N. amoenus (character states between paren-
theses) are: completely white and short ventral fur
(white with gray base); long ungual manus tufts and
carpal vibrissae (short not surpassing the claws);
short hind feet (large); absent tuft of caudal hairs
(5% larger and present); broad and tapering rostrum
(broad and truncated); large gnathic process (short);
squared lacrimals, one-half dip on squamosal root
of zygomatic bone, and one-half in the frontal bone
(rounded, one-half is inserted on the squamosal root
of zygomatic); posteriorly convergent upper molar
rows (parallel); upper diastema with a hump (flat);
anterior otic bulla process being in contact with
pterygoid plate (not in contact); deep basioccipital
pits (shallow); masseteric crest of the jaw being
below the hypoconid of m1 (below the procingulum);
an asymmetrically divided anteroloph of M1 (sym-
metrically divided); a straight posterior border of
posteroloph of M1 (convex); and a broad anterolabial
cingulum of m2 (narrow).

For a detailed description of N. carceleni see
Hurtado & Pacheco (2017).

DISCUSSION

The genus Neacomys—with the description of N.
auriventer sp. nov. and the validation of N. carceleni-
currently comprises 17 species. Despite the general
impediments and problems that taxonomic research
faces (e.g., Britz et al. 2020; Dupérré 2020), the recent
advances in the taxonomy of this genus show a
promising trend. The first species was described in
1882, and a handful of species and subspecies were
described until 1940 (Weksler & Bonvicino 2015).
Later, there was a gap of six decades between the
description of N. carceleni by Hershkovitz (1940) and
the descriptions of N. musseri and N. minutus by
Patton et al. (2000). Interestingly, most of the species
of Neacomys have been described in the 21* century,
two species by Patton et al. (2000), two by Voss et
al. (2001), one by Hurtado & Pacheco (2017), two
by Sanchez-Vendizu et al. (2018), and, very recently,
three by Semedo et al. (2020).

The high number of species, even for a genus of
oryzomyine rodent, makes Neacomys an interesting
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Fig. 9. Map of northwestern South America depicting recording localities for the species of Neacomys associated with
Neacomys auriventer sp. nov. Number of sites according to Table S3.

model for historical biogeography and evolution-
ary studies. With its ample Amazonian and Trans-
Andean distribution, the genus could be used to
explore traditional biogeographical patterns like area
relationships of Neotropical lowland forests (e.g.,
Ron 2000) and-because of its high diversity in the
Amazon-the Pleistocene Refuge Hypothesis (Haffer
1969; but see Lessa et al. 2003) and the Riverine
Barrier Hypothesis (Wallace 1849), expanding on the
classic works of Patton et al. (1994, 2000). In addition,
the peculiar natural history of Neacomys, which is
a genus of small and fully terrestrial mice, makes it

appealing as a contrasting model for comparisons
with other Neotropical genera such as Oecomys,
which is also a speciose oryzomyine but arboreal.
The phylogenetic analyzes confirmed Neacomys
as monophyletic and constituted by five groups of
species: the four groups previously described (i.e.,
“dubosti”, “paracou”, “spinosus”, and “tenuipes”), and
the new added here, “auriventer” group. The sole
member of the latter, N. auriventer is restricted to the
Cordillera del Condor in Eastern Ecuador, located to
the south-east in the provinces of Morona Santiago
and Zamora Chinchipe. This cordillera is delimited
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Fig. 10. Habitat of Neacomys auriventer sp. nov. in Cordillera del Condor, Ecuador: A, Paquisha Alto, the type locality; B and
C, intensive habitat destruction and forest fragmentation for mining activities at Tundayme.

by two large rivers-Zamora and Santiago—which
form deep gullies that could function as geographical
barriers. It is possible that a population of an ances-
tral Neacomys was isolated between these rivers, giv-
ing origin to what is now N. auriventer. This pattern
of isolation, either by dispersal or vicariance, could
also be responsible for the origin of other endemic
vertebrate taxa of the region, like the shrew opossum
Caenolestes condorensis, and the frogs Centrolene
condor, Excidobates condor and Pristimantis barrigai
(Albuja & Patterson 1996; Almendariz et al. 2014;
Brito & Almendariz 2018).

In general, the morphometric differentiation be-
tween species of Neacomys is unclear, which is not
surprising for cryptic species (e.g., Granjon 2005;
Yazbeck et al. 2011). Given the amount of genetic
distinction and the sympatric distribution of some
species of Neacomys (Fig. 9), the morphometric
and morphologic similarities could be the result of
niche conservatism (Wiens & Graham 2005; Losos
2008; Wiens et al. 2010). Although, it is striking
how different N. carceleni is from other Neacomys
and particularly from other species in the “spinosus”
group. This distinctiveness supports the recognition
of N. carceleni as a valid species.

N. carceleni was described by Hershkovitz (1940)
as a subspecies of N. spinosus. However, our lines
of evidence reveal that the differentiation of these
taxa compared with all Neacomys, and particu-
larly with N. amoenus sensu lato, is strong enough
to warrant the species status of carceleni, despite
low genetic distances. The morphological features

(Table 6), morphometric distinction (Fig. 3), mono-
phyly (Fig. 2), and its distribution (Hurtado &
Pacheco 2017; Table S3) allow to N. carceleni to be
considered as a full species. These multiple lines
of evidence agree with the integrative taxonomy
framework (e.g., Vieites et al. 2009; Padial et al. 2010).

The distribution of the species within the
“spinosus” group suggests that the large Amazonian
rivers may serve as geographical barriers. The distri-
bution of N. carceleni is limited to the northwest by
the Andes and the Napo River (Ecuador), and to the
south by the Maraifion River and the Ucayali River
(Peru), although there are at least four localities with
records of N. carceleni south of the Amazon River
(Hurtado & Pacheco 2017). N. amoenus in Northern
Peru is limited to the north by the Mararfion River,
to the west by the Andes, and to the east by the
Ucayali River. N. amoenus in Central Andes-Amazon
is limited to the north by the Ucayali River and the
foothills of the Andes. N. spinosus is limited to the
north by the Andes (from the Choros valley to the
Chiclayo valley in Peru), and the Huallaga River.
Finally, N. vargasllosai is limited to the north by the
Inambari River watershed in Puno Peru, to southern
Bolivia in western Santa Cruz. These ranges seem to
broadly agree with the Riverine Barrier Hypothesis
(Wallace 1849; Patton et al. 1994; Brito et al. 2020).
This is an interesting pattern because the distribu-
tions of several other biological groups have rejected
this hypothesis (e.g., Patton et al. 1994, 2000; Haffer
2008; Defler 2019).
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The samples MECN 5339 and MECN 5340 (Fig. 1)
from Northwestern Ecuador form a clade (BS=73,
PP=0.97) with N. tenuipes from Cundinamarca,
Colombia (BMNH 1899.10.3.34/KX792081). We found
a genetic distance of 6% between the Colombian
and Ecuadorian samples (note that the sample of
N. tenuipes KX792081 consists only of 177 base
pairs). Additionally, morphological examination of
the samples MECN 5339-40 and QCAZ 808, 891,
18677 showed several characteristics that differ from
Colombian N. tenuipes (Voss et al. 2001): ventral fur
pale, distinctive white color on throat and supra
anal region; tail slightly longer than head-body
length and unicolored; supraorbital ridges slightly
curved backward; nasolacrimal capsule small; in-
cisive foramina short, wide, and with subrectan-
gular outline; septum of incisive foramina much
broader. In light of this evidence, we consider that
the Ecuadorian populations referred to N. tenuipes
require a thorough revision.

Border conflicts between Ecuador and Peru, to-
gether with the establishment of several military
detachments, the lack of access roads, and a soil
not apt for agriculture, favored the conservation
of the Cordillera del Céndor ecosystems until the
end of the 90s. However, since the Peace Agreement
in 1998, colonization and consequent expansion of
the agricultural-livestock frontier advanced over
these areas. Thus, some research groups interested
in studying biodiversity took advantage of the open-
ing of the roads to carry out expeditions to such
scarcely-known locations. These approaches have
retrieved several descriptions of new species such
as Caenolestes condorensis, C. sangay, Rhipidomys al-
bujai, and Thomasomys salazari (Albuja & Patterson
1996; Ojala-Barbour et al. 2013; Brito et al. 2017,
2019). However, extensive mining operations have
recently conducted (Roy et al. 2018), and access
roads have penetrated numerous pristine areas of
the mountain range (e.g., micro-basins of the Quimi,
Machinaza and Nangaritza rivers), threatening one
of Ecuador’s regions of high diversity and endemism
(Neill 2005; Almendariz et al. 2014; Reyes-Puig et
al. 2017). This highlights the urgency to decrease
mining concessions in the Cordillera del Céndor
and establish comprehensive programs of biological
inventory and collections, as well as to improve the
access of scholars to these resources.
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APPENDIX 1

Studied specimens belong to the following mammal col-
lections: BMNH, Natural History Museum, London, UK;
IAvH-M, Instituto de Investigacién de Recursos Biologicos
Alexander von Humboldt, Bogota, Colombia; MECN,
Instituto Nacional de Biodiversidad, Quito, Ecuador; MEPN,
Museo de la Escuela Politécnica Nacional, Quito, Ecuador;
MUSM, Museo de Historia Natural de la Universidad
Nacional Mayor de San Marcos, Lima, Peru; QCAZ, Museo
Pontificia Universidad Catélica del Ecuador, Quito, Ecuador;
and UMMZ, Museum of Zoology University of Michgan,
Ann Arbor, USA.

Neacomys auriventer sp. nov. (n=14): Ecuador, Zamora
Chinchipe, Cordillera del Céndor, Via Canales: MECN
5420, 5423; Paquisha Alto: MEPN 12078-79; El Zarza:
MEPN 12086-87; Las Penas: MEPN 11846, 11854, 12081,
12306, 12312, 12314, 12585, 12557.

Neacomys amoenus (n=1): Brazil, Serra do Chapada,
Holotype: BMNH 3.7.7.84 (Photographic material).

Neacomys carceleni (n=48): Ecuador, Morona Santiago,
Danu, Parque Nacional Sangay: MECN 4206, 4141;
Domono: MEPN 11471; Napo, Challuayacu: MEPN
5890-91; via Hollin-Loreto: MEPN 5894-5904; Cascada
San Rafael: MEPN 5910-12; Llunchi, Rio Napo: Holotype:
UMMZ 80171 (Photographic material).Orellana, Huiruno:
MEPN 5889; Guiyero: MEPN 10715, 10723, 10733;
Puente de Dosel Chiru: QCAZ 8163; Pompeya: QCAZ
15805, 15813; Parque Nacional Yasuni: QCAZ 15807,
15815, 15817, 16124, 16126, 16404, 16506—-08, 16413,
16422; Pastaza, Comunidad de Kurintza: QCAZ 10364;
Parque Nacional Llanganates: QCAZ 15251, 15253-54;
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Sucumbios, Pacayacu: MECN 3126; Tarapoa: MEPN 5913;
Zabalo: QCAZ 7013, 7249, 7251; Destacamento Patria:
QCAZ 7182; Tungurahu, Rio Negro: QCAZ 4614; Zamora
Chinchipe, Tundayme: MECN 5106.

Neacomys rosalindae (n=25): Ecuador, Morona Santiago,
Taisha: MECN 476, 468-69; Orellana, Pompeya Sur:
MECN 776, 791, 793, 968, 994, 1006; Comunidad Jabali:
MECN 2333; Pastaza, Lorocachi: MEPN 12363, 12371-72,
12387; Bameno: MEPN 12433, 12468, 12470-71, 12474-78;
Zamora Chinchipe, Tundayme: MECN 5689-90.

Neacomys spinosus (n=1): Peru, Amazonas, Chachapoyas,
Huampo, Lectotype: BMNH 81.9.7.25 (Photographic ma-
terial).

Neacomys tenuipes (n=16): Ecuador, Carchi, Pefias Blancas:
MECN 5340, 5370, 5372-76; Via San Juan: MECN 2965;
Esmeraldas, Rio San Francisco: MECN 3058; Imbabura,
Cielo Verde: MEPN 11720-21, 11728-29. Colombia,
Antioquia, 25 km south and 22 km west of Zaragoza (La
Tirana): IAvH-M-02935, 02938, 02980.

Neacomys vargasllosai (n=1): Peru, Puno, Sandia,
Yanahuaya, Holotype: MUSM 35069 (Photographic
material).

ONLINE SUPPLEMENTARY
MATERIAL

Supplement 1

Table S1. Measurements of the Neacomys species used
in the morphometric analysis (in mm): condylo-incisive

length (CIL), zygomatic breadth (ZB); braincase breadth
(BB), least interorbital breadth (IOC), length of rostrum
(RL), length of the nasal bones (NL), breadth of rostrum
(RW-1), orbital fossa length (OI), length of upper diastema
(DL), crown length of maxillary toothrow (MTRL); length
of incisive foramen (IFL); mastoid breadth (MB), basioc-
cipital length (BOL); mesopterygoid fossa width (MPFW),
breadth of zygomatic plate (ZPL), cranial depth (CP).
Missing data are represented by na.

Table S2. List of specimens included in the phylogenetic
analyses. For each terminal species, museum catalog
numbers and GenBank accession numbers are provided. *
Specimens’ collector numbers, without museum numbers
available; # Specimens used as outgroups.

Table S3. Gazetteer for Neacomys auriventer sp. nov., N.
carceleni, N. tenuipes and N. rosalindae. Locality number
according to Fig. 9.

Fig. S1. Phylogenetic tree resulting from Maximum
Likelihood analysis. The red dashed line indicates the
differences found in the phylogenetic relationships of
certain species compared to the tree resulting from the
Bayesian Inference analysis.

Fig. S2. Dorsal (A), lateral (B) and ventral (C) view of
Neacomys species that inhabit eastern Ecuador. Neacomys
auriventer sp. nov, (MEPN 12081) above; N. rosalindae
(MECN 5824) center and N. carceleni (MECN 5865) below.


http://www.sarem.org.ar
http://www.sbmz.org
https://mn.sarem.org.ar/wp-content/uploads/SAREM-SBMz_MastNeotrop_28-1_22-SE_Brito-sup1.pdf

