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Abstract

Oligoryzomys is a widespread and speciose genus of Neotropical rodents of the subfamily Sig-
modontinae, including several species that are natural reservoirs of hantavirus and other zoonotic
pathogens. Although Sigmodontinae species are generally considered to be species-specific reser-
voirs of Orthohantavirus, Oligoryzomys microtis is an exception, as it is the reservoir of four differ-
ent genotypes of the Rio Mamoré orthohantavirus: RIOMV, HTN-007, RIOM V-3, and RIOMV-4.
Here we demonstrate, based on comparative morphology, karyology, and phylogenetic analyses of
the mitochondrial gene cytochrome b and the intron 7 of the B-fibrinogen nuclear gene, that O. mi-
crotis is a cryptic species complex with three geographically structured lineages and two different
karyotypes. The lineages are parapatric, with one occurring in western Amazonia and north of the
Amazonas-Solimdes River, the second in transitional areas (ecotones) from central Amazonia with
the Cerrado of central Brazil, and the third in eastern Amazonia south of Amazonas River. We
establish that one lineage of O. microtis is the reservoir of the Rio Mamoré orthohantavirus geno-
types RIOMV, HTN-007, and RIOM V-3 from Peru, Bolivia, and the Brazilian states of Amazonas
and Acre. The second lineage is the reservoir of orthohantavirus Rio Mamoré genotype RIOM V-4
from the Brazilian state of Rondonia, whereas no orthohantavirus has been associated with the third
lineage. The second and third lineages differ from O. microtis sensu stricto in chromosomal fun-
damental numbers (64 versus 66). The three lineages form monophyletic units in the cytochrome
b tree, each supported by several synapomorphies. However, the three forms are morphologically
very similar regarding external, cranial, and dental traits. Based on these karyological, molecu-
lar, and morphological results, we describe a new species of Oligoryzomys with two subspecies,
and discuss the implications of our taxonomic revision for the evolutionary history of Rio Mamoré
orthohantavirus.

Introduction

Oligoryzomys microtis Allen 1916, the reservoir of Rio Mamoré or-

With 26 recognized species, Oligoryzomys Bangs is a widespread and
species-rich genus of Neotropical muroid rodents (Hurtado and D’Elia,
2018; da Cruz et al., 2019; Hurtado, 2021) distributed from Mexico to
Tierra del Fuego (Weksler and Bonvicino, 2005). Ten Oligoryzomys
species are recognized as reservoirs for Orthohantavirus genotypes in
the Neotropics, with five of them having been found to be orthohant-
avirus positive in Brazil: O. flavescens, O. mattogrossae, O. microtis,
O. nigripes, O. utiaritensis (Suzuki et al., 2004; Rosa et al., 2005;
Oliveira et al., 2009; Rosa et al., 2010, 2011; Oliveira et al., 2011;
Gonzdlez-Ittig et al., 2014; Mull et al., 2020).

Several species of Oligoryzomys are well adapted to invasion of
altered areas, such as agricultural and pasture landscapes, and zoonotic
spillover happens due to the frequent peridomiciliary contact in areas of
environmental destruction (Mull et al., 2020). One of the most import-
ant areas of zoonotic interest in South America is the agricultural fron-
tier of central Brazil and northeastern Bolivia into Amazon, in which
extensive transformation of rainforest into (especially) soybean mono-
cultures and cattle have led to an extensive number of Hantavirus pul-
monary syndrome (HPS) cases (Oliveira et al., 2014).
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thohantavirus (Oliveira et al., 2014), is the most widespread species in
the Amazon basin, being found in the Brazilian states of Acre, Amazo-
nas, Mato Grosso, Rondonia and Pard, the Bolivian departments of
Beni, Cochabamba, La Paz, Pando, and Santa Cruz, and the Peruvian
departments of Amazonas, Loreto, Madre de Dios, Pasco, and Ucay-
ali (Weksler and Bonvicino, 2005). The role of Oligoryzomys microtis
in the transmission of Rio Mamoré orthohantavirus and its variants is
well documented (Oliveira et al., 2014). Rio Mamor€ virus was first de-
scribed in O. microtis from El Beni and La Paz departments in Bolivia
(Bharadwaj et al., 1997), and posteriorly identified in O. microtis spe-
cimens from Santa Cruz department in Bolivia (Carroll et al., 2005),
Loreto region in Peru (Powers et al., 1999; Richter et al., 2010), and
Amazonas, Acre, and Rondo6nia states in Brazil (Firth et al., 2012;
Nunes et al., 2015). Concomitantly, human cases were registered in
Peru (Castillo et al., 2012; Casapia et al., 2012) and Brazil (Oliveira et
al., 2014). Among all reported cases, four variants of Rio Mamoré or-
thohantavirus have been identified: RIOMV in Bolivia; HTN-007 in
Peru; RIOMV-3 in Acre and Amazonas states, Brazil; and RIOMV-4
in Rondonia state, Brazil (Powers et al., 1999; Firth et al., 2012; Oli-
veira et al., 2014; Guterres et al., 2015).

The taxonomy of Oligoryzomys is hampered by a high level of mor-
phological similarity among distinct phylogenetic lineages. Further-
more, due to the superficial similarities among the chromosome com-
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plements of several species, such as O. microtis, O. mattogrossae and
O. flavescens, several mistaken associations between karyotypes and
these species have been already produced (Weksler and Bonvicino,
2015). Several currently recognized species have been considered as
junior synonyms of O. microtis, such as O. mattogrossae, O. fornesi,
and O. utiaritensis, (see Agrellos et al., 2012; Weksler et al., 2017).
However, despite the resolution of these taxonomic issues, the last taxo-
nomic checklist of Oligoryzomys still considered O. microtis as a putat-
ive species complex (Weksler and Bonvicino, 2005), and several mo-
lecular analyses have indicated phylogenetic structuring of geograph-
ically separated individuals within the species (Weksler et al., 2017;
da Cruz and Weksler, 2018; da Cruz et al., 2019; Hurtado and D’Elia,
2019, 2022).

Given the importance of correct taxonomic identification of reser-
voirs for a complete understanding of orthohantavirus transmission
cycles, and for assessing their potential as host transmitters of ortho-
hantavirus to humans, we herein review the taxonomy of Oligoryzomys
microtis, the reservoir of Rio Mamoré orthohantavirus and related
virus. In particular, we analyze the anatomical, morphometric, cyto-
genetic, and molecular variability among a geographically wide sample
of Oligoryzomys microtis, including the forms recognized as candidate
species in previous molecular studies (e.g., Oligoryzomys sp. 1 and
Oligoryzomys sp. 2 of Hurtado and D’Elia, 2022), referred here as
Oligoryzomys sp. n.

Material and methods

Morphological analysis

Oligoryzomys microtis specimens were collected from the type locality
and several other Brazilian localities in Cerrado and Amazonas (Fig.1,
appendix 1). Collecting and permits were issued by SISBIO (System of
Authorization and Information in Biodiversity) license numbers 13373
and 11375. The capture and handling of the specimens were under per-
mission of the FIOCRUZ Ethics Committee (#1260/14) and followed
the guidelines of the American Society of Mammalogists (Sikes et al.,
2016). Animals were euthanized and voucher material and tissues were
deposited in the mammal collections of Museu Nacional/UFRJ (MN)
and COLMASTO (IOC/FIOCRUZ) (see appendix 1 for a list of speci-
mens and locality information).

We examined additional Oligoryzomys specimens deposited in the
mammals’ collections of the following institutions: (1) MN - Museu
Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro,
Brazil, (2) AMNH - American Museum of Natural History, New York,
USA, including the type series of O. utiaritensis, O. mattogrossae, and
O. microtis, (3) USNM - United States National Museum (Smithsonian
Institution), Washington D.C., (4) COLMASTO - Colecdo integrada
de Mamiferos Silvestres e Reservatorios, IOC-Fiocruz, Rio de Janeiro,
Brazil (note that SVS - Secretaria de Vigilancia em Saude - specimens
are housed at LBCE). Among the analyzed specimens, four were posit-
ive carriers of Orthohantavirus (see appendix 1) as reported by Nunes
et al. (2015). Information on collection locality data (Fig.1), museum
acronyms and numbers are presented in appendix 1; see also Bonvi-
cino and Weksler (1998), Weksler and Bonvicino (2005), Agrellos et
al. (2012), and Weksler et al. (2017) for previously analyzed specimens
of other Oligoryzomys species.

The terminology of characters herein analyzed follows previous
studies (Reig, 1977; Voss, 1988; Carleton and Musser, 1989; Wek-
sler, 2006). For color nomenclature, we followed Ridgway (1912) and
Villalobos-Dominguez and Villalobos (1947). The following external
dimensions were measured (in millimeters) in specimens collected by
us, or obtained from original specimen tags: total length (ToL), head
and body length (HBL), tail length (TL), ear length (Ear), hind foot
length with claw (HF) and body mass (Wt). Whenever total length had
been originally reported in specimen tags, HBL was estimated by sub-
tracting tail length (TL) from total length. Cranial measurements were
taken with digital calipers to the nearest 0.01 mm. For morphomet-
ric analyses, we employed 12 cranial dimensions following Bonvicino
and Weksler (1998): condylo-incisive length (CIL), length of diastema
(LD), palatal bridge (PB), length of maxillary molars (LM), breadth of
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Figure 1— Map showing the collecting localities of O. microtis (black symbols), and Oli-
goryzomys sp. n. (grey and white symbols); starts correspond to type localities. Numbers
refer to localities listed in appendices 1 and 2 and table 1.

first maxillary molar (BM1), external alveolar breadth (M1M), length
of incisive foramen (LIF), breadth of incisive foramen (BIF), rostrum
breadth (BRO), orbital length (ORL), zygomatic breadth (ZB), and
breadth of zygomatic plate (BZP). These dimensions were chosen be-
cause they provided consistent estimates by different investigators (i.e.,
did not display significant inter-researcher differences in paired ¢ tests;
data not shown).

Morphometric analyses of skull characters were performed for adult
specimens, i.e., specimens with all teeth erupted and with at least min-
imal wear (Oliveira et al., 1998); males and females were grouped due
to lack of sexual dimorphism (t-tests, p < 0.05; data not shown). We
computed descriptive statistics (average, standard deviation, minimum
and maximum) and employed Analysis of Variance (ANOVA) with
TUKEY post hoc test (Sokal and Rohlf, 1994) and MANOVA, using
logarithmic-transformed data to compare sets of populations of O. mi-
crotis from eastern, central and western Amazon (see map in Fig. 1);
the geographic limits of the population sets were also based on previ-
ous karyotypic and molecular data (Weksler et al., 2017; da Cruz and
Weksler, 2018; da Cruz et al., 2019; Hurtado and D’Elia, 2019). We
adjusted the individual measurements’ alpha using Holm"s Sequential
Bonferroni correction to reflect an overall alpha of 0.05 (Holm, 1979;
Rice, 1989). We also employed principal component analysis and dis-
criminant canonical analysis (Strauss, 2010) to identify patterns of mul-
tivariate morphometric variation among the populations. Measure-
ments were transformed to natural logs and covariance matrices were
computed, considering all variables. All statistical analyses were per-
formed in R version 4.0.2 using Rstudio (Rstudio Team, 2020) using
the MASS and candisc packages (Friendly and Fox, 2010; Ripley et
al., 2013). Because both PCA and DFA require complete data sets,
missing values (2.1 % of the total dataset) were estimated from the ex-
isting raw data using the missMDA package (Josse and Husson, 2016)
implemented in R.

Karyotype data and molecular phylogenetic analysis
We karyotyped eight specimens of Oligoryzomys microtis and 15 Oli-
goryzomys sp. n. (Table 1, appendix 1). Cell suspensions were ob-
tained in the field with short-term bone marrow culture as previously re-
ported (de Andrade and Bonvicino, 2003). Chromosomes were ordered
according to morphology and decreasing size, and fundamental num-
bers refer to the count of autosomal (i.e., non-sex) chromosomes.
DNA was isolated from livers preserved in 100 % ethanol follow-
ing the standard phenol-chloroform protocol (Sambrook and Russell,
2001). The entire cytochrome b gene (mt-Cytb; gene acronym fol-
lowing Mus musculus nomenclature of Eppig et al., 2015) was amp-
lified with primers L14724 (5~ CGAAGCTTGATATGAAAAAC-
CATCGTTG - 3’; Irwin et al., 1991) and Citb-Rev (5’— GAATA-
TCAGCTTTGGGTGTTGRTG -3’; Casado et al., 2010) by stand-
ard PCR procedures. Amplifications were performed in 50 uL reac-
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Table 1- Karyotypic data available for O. microtis, Oligoryzomys sp. n., O. mattogrossae and O. flavescens, with diploid (2n) and autosome fundamental (FN) numbers, locality and
reference (Ref). Numbers in parentheses (locs.) refer to sampling localities in map (Fig. 1). Brazilian (BR) states are Amazonas (AM), Para (PA), Mato Grosso (MT), Goiéas (GO), Parana (PR),
Santa Catarina (SC), Rio Grande do Sul (RS), Tocantins (TO), Bahia (BA), and Distrito Federal (DF). Argentinian (AR) provinces are Buenos Aires (BA), Cordoba (CD), Jujuy (JY), Tucumén (TM).

Bolivia (BO), Peru (PE).

Taxon As published 2n FNa Locality Ref

O. flavescens 0. flavescens 64,66 66,68,70 AR: Boca Cerrada, Punta Lara. UR: Montevideo, Colonia, Maldon- 1
ado, Artigas, Fray Bentos, Canelones

0. flavescens 0. aff. flavescens 66-68  68-70 AR: JY, Maimara; TM, El Infiernillo 2

0. flavescens 0. flavescens 64 66 AR: Boca Cerrada, Punta Lara, Villa Elisa. UR: Canelones, Colonia, 3
Montevideo

O. flavescens O. flavescens 64-66  66-68 BO: Tarija department 4

O. flavescens 0. flavescens 66,67 68,69 AR: BA, Parand River Delta, Monte Hermoso, Capilla del Serior, 2
Diego Gaynor; CD, Rio Cuarto

0. flavescens 0. flavescens 64-66 66-68 BR: PR, Ponta Grossa, Curitiba, Piraquara, RS, Esmeralda, Torres, 5
Tramandai, Osdrio, Sapiranga, Mostardas, Pelotas, Taim

0. flavescens 0. flavescens 64-67 66-68 BR: SC, Costa de Dentro, Florianépolis; RS, Nonoai, Tainhas, Char- 6
queadas

O. flavescens O. flavescens 64-66 66-68 BR: PR, Piraquara, Sao José dos Pinhais, Curitiba, Sdo Mateus do 7
Sul, Vila Velha; SC, Sdo Domingos

O. flavescens 0. flavescens 64 68 BR: MG, Parque Nacional de Caparad, Vigosa 8

O. mattogrossae O. fornesi 62 64 BR: GO, Teresina de Goids, Corumbd de Goids 8

0. mattogrossae 0. fornesi 62 64 BR: TO, Peixe 9

0. mattogrossae O. fornesi 62 65 BR: DF, Brasilia, Jardim Botanico de Brasilia 10

0. mattogrossae 0. fornesi 62 64 BR: BA, Lengéis, Remanso 11

0. mattogrossae O. eliurus 62 64,66 BR: GO, 40 km SW Minagu, 55 km N Niquelandia, 20 km NW Co- 6
linas do Sul, 40 km NE Uruact, Ipameri, Caldas Novas, Corumbaiba

Oligoryzomys sp. n. 64 64 BR: RO, Alto Paraiso (loc. 7); TO, Sao Sebastidao do Tocantins, Faz. TS
Osara II (loc. 8) PA, Itupiranga (loc. 2)

Oligoryzomys sp. n.  O. flavescens 64 64%* BR: TO, Sao Sebastido do Tocantins, Faz. Osara II (loc. 8), Couto 12
Magalhies, Faz. do Z¢ Carlos (loc. 9)

Oligoryzomys sp. n.  O. microtis 64 64 BR: MT, Aripuana (loc. 11) 9

O. microtis 64 66 BR: AM, Manacapuru (loc. 22, type locality); AC, Brasiléia (loc. TS
17), Porto Acre (loc. 19, 20)

O. microtis O. microtis 64 66 PE: Ucayali, Pucallpa (loc. 26), Loreto, Henaro Errera (loc. 27), 4
Mishana Allpahuayo (loc. 28)

0. microtis 0. microtis 64 66 PE: Ayacucho, Hda. Luisiana (loc. 29), Ucayali, Balta, Rio Curanja 13
(loc. 30)

O. microtis O. microtis 64 66 BR: AC, Igarapé Porangaba (loc. 31), Jainu (loc. 32), Seringal 14

Condor (loc. 33)

1=Brum-Zorilla et al. (1988), 2= Espinosa and Reig (1991), 3= Vidal-Rioja et al. (1988), 4= Aniskin and Volobouev (1999), 5= Sbalqueiro et al. (1991), 6= Andrades-Miranda et al. (2001),
7= Bordignon (2007), 8= Bonvicino and Weksler (1998), 9= Di-Nizo et al. (2015), 10= Bonvicino et al. (2014), 11= Pereira and Geise (2007), 12= Lima (2004), 13= Gardner and Patton
(1976), 14= Patton et al. (2000), TS= this study. * Lima (2004) reported that the FN of these specimens was 66, but the karyotype of two offsprings of specimens from Sdo Sebastido in

Tocantins state showed 2n=64 and FN=64. In addition, analysis of the mitochondrial gene Cytochrome oxidase I (da Cruz et al., 2019) sequences of the specimens reported by Lima (2004)

showed that it belongs to Oligoryzomys sp. n.. Differences in fundamental number in relation to Lima (2004) is due to the interpretation of the morphology of one small autosome pair.

tions with Platinum® Taq Polymerase (Invitrogen™) and recommen-
ded concentrations of primers and templates. Reactions were run for
35 cycles at 94 °C for 30 s, 58 °C for 30 s, and extension at 72 °C for
90 s, with initial denaturation at 94 °C for 2 min and final extension
at 72 °C for 7 min. Amplicons were purified either with GFX® PCR
DNA or Gel Band Purification Kit (GE™ Healthcare) and sequenced
with the same primers used in the PCR amplification and additional in-
ternal primers for mt-Cytb: MEU1 (Bonvicino and Moreira, 2001) and
MVZ16 (Smith and Patton, 1993). Sequencing reactions were run in
an ABI3130x/ (Applied Biosystems) platform and electropherograms
were manually checked and aligned using BioEdit 8.0 (Hall, 1999) and
Chromas 1.45 (McCarthy, 1998).

We also amplified the intron 7 of the nuclear S-fibrinogen gene (i7-
Fgb) of six O. microtis specimens with the primer pair 17-mammL
and Bfib-mammU as reported by Matocq et al. (2007). Amplifications
were performed with 30 cycles of denaturation at 94 °C for 1 min, 60 °C
for 30 s, and extension at 72 °C for 1 min, with an initial denaturation
at 94 °C for 5 min and final extension at 72 °C for 7 min.

14

Additional mt-Cytb and i7-Fgb data from GenBank Oligoryzomys
specimens were used for phylogenetic reconstructions (appendix 2).
We also performed a combined analysis of mt-Cytb and i7-Fgb. For
the combined analyses, we included only exemplars with both mt-
Cytb and i7-Fgb, except for the outgroup Hylaeamys megacephalus, for
which sequences of each gene are from different individuals (appendix
2). We employed nine oryzomyines and three non-oryzomyines sig-
modontines as outgroup taxa (appendix 2) in all phylogenetic analyses,
and rooted our trees using Sigmodon hispidus.

Maximum Likelihood (Felsenstein, 1981) and Bayesian analyses
(Huelsenbeck et al., 2001) were carried out for phylogenetic recon-
structions. The nucleotide evolution model was selected using Akaike
Information Criteria (AICc) as estimated by Paup* 4.0a146 (Swoftford,
2002; commands AutoModel modelset=j7). The GTR model of nuc-
leotide substitution (Rodriguez et al., 1990), corrected for site-specific
rate heterogeneity using gamma distribution with four classes (Yang,
1994) and proportion of invariant sites, was used for mt-Cytb, while
GTR+G was used for i7-Fgb. Concatenated analyses employed un-
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linked partitioned models. Maximum-likelihood trees were built with
RaxML-NG (Kozlov and Stamatakis, 2019) and nodal bootstrap val-
ues (Felsenstein, 1985) were calculated using 1,000 pseudoreplicates.
Bayesian analyses were performed using Markov chain Monte Carlo
(MCMC) sampling as implemented in MrBayes 3.1.2 (Ronquist and
Huelsenbeck, 2003). Uniform interval priors were assumed for all
parameters except base composition, for which we assumed a Dirich-
let prior. We performed four independent runs of 10,000,000 genera-
tions each, with two heated chains sampling for trees and parameters
every 10,000 generations. The first 10,000 generations were discarded
as burn-in, and the remaining trees were used to estimate posterior
probabilities for each node. Independent runs were combined with
LogCombiner (version 2.6.6; Drummond and Rambaut, 2007). All
analyses were checked for convergence by plotting the log-likelihood
values against generation time for each run with Tracer 1.4 (Rambaut
and Drummond, 2007), and all parameters had an effective sample size
(ESS) over 500. Phylogenetic analyses were run in the CIPRES Science
Gateway (Miller et al., 2010).

The Median-Joining (MJ) network (Bandelt et al., 1999) based on
partial mt-Cytb sequences (801 bp) was reconstructed in the Network
program (version 4.5.1.6) to evaluate the spatial and populational struc-
turing of haplotypes. We retained only variable sites, and excluded any
sites with missing data. Only specimens with sequences > 777 bp were
included (Appendix 3). To assess the genetic distinctiveness of the lin-
eages within O. microtis species group, we calculated uncorrected ge-
netic distances (’p’) between individuals.

Results

Karyotype

Karyotypic analysis of 15 specimens of Oligoryzomys sp. n. from
Rondonia, Mato Grosso, and Tocantins states showed the same karyo-
type, 2n=64 and FN=64 (Table 1, Fig. 2B and 2D). The autosomal
complement is composed of one small-sized biarmed chromosome, and
30 acrocentric pairs varying in size from large to small, plus a large-
sized X chromosome. The karyotypic analysis of eight specimens of
0. microtis from Acre and Amazonas states, including one topotype,
showed 2n=64 and FN=66 (Table 1, Fig. 2A). The autosome com-
plement is composed of two biarmed chromosomes, one very large
(the largest of the chromosome complement) and one small sized, 29
pairs of acrocentric chromosomes, and a median sized X chromosome.
These chromosomal complements have been previously reported in the
literature (Table 1).
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Figure 2 —Karyotypes in conventional coloration of (A) O. microtis topotype male MN84349
with 2n=64 and FN=66, (B) Oligoryzomys sp. n. female MN91085 from Central clade
(Rondénia, Brazil), with 2n=64 and FN=64, (C) O. mattogrossae male CRB3141 from Brasilia,
Brazil with 2n=62 and FN=64, and (D) Oligoryzomys sp. n. female MN81643 from Eastern
clade (Tocantins, Brazil) with 2n=64 and FN=64 .

Phylogenetic analyses

The ML and BA analyses based on the mt-Cytb recovered similar to-
pologies, the differences among them being restricted to clades with
low support. Both analyses recovered the clade containing O. microtis
and Oligoryzomys sp. n. in the most basal dichotomy within Oli-
goryzomys, while all other 23 species were recovered in a poorly sup-
ported sister clade (Fig.3). Within the former clade, referred as O. mi-

crotis species group, two clades were recovered: one with specimens
of O. microtis sensu stricto, from Peru, Bolivia, and the Brazilian states
of Acre and Amazonas (western Amazon), including the topotype spe-
cimen MN84349; and the second with specimens of Oligoryzomys sp.
n. from Tocantins, Mato Grosso and Rondonia states. This clade is fur-
ther separated in two well supported subclades, structured geographic-
ally into samples from Mato Grosso and Rondonia in one side (south
central Amazon, referred as Central clade), and samples from Tocantins
(southeastern Amazon, referred as Eastern clade) in another clade.

9 UFES1442 - BR: Tocantins (11) ~ eastern
74 1 MNB81639 - BR: Tocantins (8)  __clade _
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1 MN91084 - BR: Rondonia (7) ’
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Figure 3 — Phylogenetic relationships among Oligoryzomys specimens based on maximum
likelihood analyses of mt-Cytb. Bootstrap values (bs, %) are shown above branches;
posterior probabilities of Bayesian analysis are shown below branches. Locality numbers
for O. microtis and Oligoryzomys sp. n. are in parentheses; diploid number (2n) and
fundamental number (FN) are based on karyotyped specimens marked in bold; specimens
that were reported positive for virus-specific RNA hantavirus are marked with asterisks: *
for RIOMV strain (Bharadwaj et al., 1997; Carroll et al., 2005); ** for strain HTN-007 (Powers
et al., 1999; Oliveira et al., 2014); *** for RIOMV-3 (Firth et al., 2012); and **** for RIOMV-4
(Firth et al., 2012). See appendix 2 for outgroups and specimen information.

Combined analyses of mt-Cytb and i7-Fgb recovered the monophyly
of Oligoryzomys, which was sister group of Neacomys (sup. Fig. 1).
The ML and BI analyses converged in similar topologies, but the BI
is less fully resolved, and disagreements are centered on poorly sup-
ported relationships. The first dichotomy within Oligoryzomys separ-
ates a clade containing O. microtis species group and O. mattogrossae
from a clade containing the remaining 20 species; O. microtis is re-
covered with a deep split separating specimens from western amazon
(MVZ193858 from Amazonas state in Brazil and MUSM21846 from
Madre de Dios in Peru) from samples from central (MN91804 from
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Rondonia) and eastern (MN81639 from Tocantins) Amazon. Remain-
ing Oligoryzomys species are further divided into two subclades, but
with lower support. Six clades have high levels of support: 1: (O.
stramineus + O. nigripes); 2: (0. moojeni + O. rupestris); 3: (O.
messorius, (O. delicatus, (O. costaricensis, (O. vegetus + O. fulves-
cens)))), with O. utiaritensis as sister group with low support; 4: ((O.
occidentalis + O. longicaudatus), (O. fornesi + O. flavescens)), the
latter species not recovered monophyletic; 5: (O. chacoensis, O. de-
structor); and 6: ((O. arenalis + O. guille), O. andinus), the latter spe-
cies not recovered monophyletic.

The median-joining network with mt-Cytb delineated three major
haplogroups (Fig. 4A; appendix 3): the first corresponds to O. mi-
crotis s.s., with specimens from Bolivia, Peru, and the Brazilian states
of Amazonas and Acre; the second group included specimens of Oli-
goryzomys sp. n. from the Brazilian state of Ronddnia (corresponding
to the Central clade of the phylogenetic analyses), while the third in-
cluded specimens from Tocantins (Eastern clade). The latter two hap-
logroups were separated by 35 mutations and four median vectors, but
the first haplogroup was separated from the latter two by at 46 and
51 mutations and four median vectors. The first haplogroup was fur-
ther divided into two subgroups, one with specimens from Peru and
the Brazilian states of Amazonas and Acre separated by 11 nucleotide
substitutions and two median vectors from the cluster with specimens
from Bolivia and the Brazilian state of Acre. Genetic distances (uncor-
rected p, average, minimum and maximum) using mt-Cytb sequences
were (Fig. 1B): 7.4 % (6.8 % - 8.3 %) between O. microtis s.s. and Oli-
goryzomys sp. n. Eastern clade; 7.4% (6.3 %-9.5 %) between O. mi-
crotis s.s. and Oligoryzomys sp. n. Central clade; and 5.4 % ( 4.9 Y-
5.9 %) between the central and Eastern clades of Oligoryzomys sp. n.
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Figure 4 — (A) Median joining network with O. microtis and Oligoryzomys sp. n.. Circles
are haplotypes proportional to number of shared sequences; small black circles are me-
dian vectors; small bars indicate nucleotide substitutions; numbers refer to haplotype
numbers listed in appendix 3; see legend for geographic source of haplotypes. (B) Pair-
wise uncorrected ('p) genetic distances for 3 contrasts: within species, between clades of
Oligoryzomys sp. n. and between species.

Morphology

Specimens belonging to the different lineages of the O. microtis spe-
cies group exhibit very similar integumental, cranial, and dental ana-
tomy. In any case, specimens of O. microtis and Oligoryzomys sp. n
from eastern and central Amazon present slight differences in external
characters, the most notable being the length of tail and coloration of
dorsal, lateral and ventral parts. However, most characters show intra-
populational variation.

The average HBL of the three populations groups are similar
(Fig. 5A, table 2), but the tail length in specimens from the Eastern
clade are significantly longer than in specimens from the Central clade
and O. microtis, both in relative and absolute terms (Fig. 5B). The same
is true for the length of the hindfeet (Fig. 5C), which also displays sig-
nificative differences between the eastern group viz-a-viz central group
and O. microtis
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Figure 5 — Combined violin plot with box plot for external measurements for E of Oli-
goryzomys microtis complex. Violin plot shows kernel density plot from minimum to
maximum value. The box plot shows the median, 25-75 percent quartiles (boxes), values
less or more than 1.5 times the box height (whiskers), and outliers. Measurements are: (A)
HBL: head-and-body length, (B) TL: tail length, (C) HF: hind-feet length, and (D) Ear: ear
length. Lines above each graph show significant differences among groups: ** < 0.01, ***
< 0.001.

In terms of coloration (Fig. 6), most individuals from eastern pop-
ulations have an orange-brown coloration (Villalobos-Dominguez and
Villalobos 1947: color range from O-8-8° to 8-11-7°; Ridgway 1912:
antique brown, buckhorn brown), with dark base of guard-hairs distinct
and heterogeneous overall coloration, while individuals from central
Amazon and O. microtis have a slightly lighter coloration (Villalobos-
Dominguez and Villalobos, 1947: color range from O-5-8° to 8-9-8°;
Ridgway (1912): antique brown, brussels brown, raw umber). The
ventral coloration of specimens from central Amazon and O. microtis
vary from ochreous to white.

Oligoryzomys species are very similar cranially (Fig. 7), as most
characters are either polymorphic within species or subtle variations of
a general morphology, or both. In any case, the three lineages within
O. microtis species group exhibit slight variation in a few characters
that can be used for a differential diagnosis (Fig. 8 and sup. Fig. 2).
Overall, members of the central populations are more dissimilar mor-
phologically from Eastern clade and O. microtis specimens.

Most specimens (sup. Fig. 2) from Amazonas and Acre states (O.
microtis) and from Para and Tocantins (Eastern clade) have a narrow
zygomatic notch, oriented postero-laterally (Fig. 8A), with the anterior
border of the zygomatic plate flat, below or slightly in front of anterior
margin of superior maxillary root of zygoma; in contrast, most speci-
mens from Ronddnia and Mato Grosso (Central clade) have a slightly
broad and rounded zygomatic notch (Fig. 8B), and a zygomatic plate
with anterodorsal margin smoothly curved.

The interorbital region of all specimens of the Central clade are
symmetrically constricted without crests (hourglass shape; Fig. 8C),
while in O. microtis and in the Eastern clade specimens can present
either the amphoral morphology, or the interorbital region with mar-
gins slightly convergent anteriorly, with very weakly developed crests
in their beaded supraorbital borders (cuneate shape; Fig. 8D). The same
pattern of variation is observed for the interparietal width: while the
members of O. microtis and the Eastern clade have either narrower in-
terparietal narrower, apart from the squamosal (Fig. 8E) or a wide in-
terparietal approaching the squamosal (Fig. 8F), all members of the
Central clade have a wide interparietal.

The jugal bone is present in the lateral surface of the zygomatic arch,
separating the maxillary and squamosal bones (Fig. 8G), in few speci-
mens from all analyzed populations (sup. Fig. 2); in contrast, in most
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Figure 6 — Dorsal, lateral and ventral views of skins of Oligoryzomys sp. n. from Eastern
Clade (Tocantins State, MN76206), Oligoryzomys sp. n. from Central Clade (Rondénia State,
MN87921), and O. microtis (Acre State, MN87929).

specimens the jugal is usually absent laterally (Fig. 8H), or extremely
reduced to bony sliver, resulting in the maxillary and squamosal in con-
tact.

The shape of the incisive foramina is also variable among the lin-
eages (Fig. 8I-K). Most members of O. microtis and Oligoryzomys sp.
n. from Eastern clade present teardrop-shaped incisive foramina, with
posterior margins rounded (Fig. 81 and K), while specimens from Cent-
ral clade have oval-shaped foramina, with more pointed posterior mar-
gins (Fig. 8]). In terms of length, the foramina of specimens of all lin-
eages of O. microtis are variable, not approaching the plane of M1
alveolus or barely approaching the line of M1 alveolus. Finally, the
posterior extent of the palate is also slightly variable, with palate of in-
termediate length, mesopterygoid fossa extends up to 1/2 of M3 length
between the maxillary bones (Fig. 81), as observed in most specimens of
Central clade and almost all from Eastern clade; or palate long, meso-
pterygoid fossa extend more than M3 length (Fig. 8J-K), as observed
in more than half of specimens of O. microtis.

The descriptive statistics for cranial characters (Table 2) showed that
members of the three geographic sets, O. microtis s.s., Oligoryzomys
sp. n. from south-central Amazon, and Oligoryzomys sp. n from south-
eastern Amazon, are similar in size, with considerable overlap on mean
and range sizes. Four cranial measurements displayed significant dif-
ferences among the three population sets in the ANOVA: PB (p<0.001),
BIF, LM, and ZB (p <0.05); nevertheless, only the first variable was sig-
nificant after Holm-Bonferroni correction. The MANOVA recovered
significant variation among the population sets (Wilks = 0.355, approx.
F =35, num. DF = 24, den. DF = 124, p = 2.575e-06). Pairwise

Figure 7 — Dorsal, ventral, and lateral views of the skull of Oligoryzomys sp. n. from Cent-
ral clade (Rondonia State, MN87921), Oligoryzomys sp. n. from Eastern Clade (Tocantins
State, MN76206).

Tukey tests showed that eastern populations of Oligoryzomys sp. n. to
be significantly different (p < 0.001) from central populations of Oli-
goryzomys sp. n. in two variables (PB and LM). Oligoryzomys microtis
s.s. did not differ significantly in any variable from central or eastern
population sets.

The three population sets of O. microtis species group were also
poorly differentiated by principal component analysis (Fig. 9 and ap-
pendix 4). The scatterplots of the first two principal components, which
account for 83 % of the total variance, reveal an overall juxtaposition in
the multivariate space (Fig. 9A). There is a large amount of variation
on the first component (77.21 %), which is explained by variables as-
sociated to the cranial longitudinal axis, especially condylo-zygomatic
length. Pairwise contrasts between the population sets (Fig. 9B-D)
present the same pattern, with a slight separation between central and
eastern forms of Oligoryzomys sp. n., but with western O. microtis
scores overlapping with central and eastern groups (Oligoryzomys sp.
n.).

The discriminant canonical functions (Fig. 9E), in turn, reveal a sig-
nificative separation among the three population sets (LR test = 0.577
approx. F = 3.8477, num. DF = 12, den. DF = 63, p = 0.0002), and
is even more conspicuous when the contrasts are pairwise (Fig. 9F-H).
Nevertheless, a considerable overlap among canonical function scores
is observed in all contrasts.

Discussion

Karyotype variation

The karyotype of the central and eastern forms of Oligoryzomys sp.
n., with 2n=64 and FN=64 is similar to the one of O. microtis sensu
stricto, 2n=64 and FN=66 (Fig. 2, table 1). Although sharing the same
diploid number, they differ in FN due to a pericentric inversion affecting
the largest autosome pair of these karyotypes, being submetacentric
in O. microtis and acrocentric in Oligoryzomys sp. n. (Fig. 2). This
inversion is apparently fixed because heterozygous specimens for this
inversion were neither found in the present study nor in previous reports
(Gardner and Patton, 1976; Aniskin and Volobouev, 1999; Patton et al.,
2000; Di-Nizo et al., 2015). The comparison of the G band karyotypes
of O. microtis (2n=64 and FN=66, Aniskin and Volobouev 1999) and
Oligoryzomys sp. n. (2n=64 and FN=64, Di-Nizo et al., 2015) allows
us to infer homologies in large size pairs of the autosome complement,
despite differences in the chromosome elongation. This comparison
corroborates that these karyotypes differ by one pericentric inversion
or centromere shift affecting the largest autosome pair.

A considerable amount of evidence suggests deleterious meiotic ef-
fects of pericentric inversions leading to a profound barrier in viab-
ility, acting as a significant post-mating isolating mechanism (King,
1993). Other examples of fixed pericentric inversion in congen-
eric sigmodontine species pairs are Calomys tener and Calomys ex-
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Table 2 — Descriptive statistics of external and cranial measurements for Oligoryzomys sp. n. and O. microtis. Values are given as average + standard deviation, minimum-maximum

(sample size). See material and methods for measurements’ acronyms.

Measurement  Oligoryzomys sp. n. eastern clade Oligoryzomys sp. n. central clade 0. microtis
HBL 86+ 5 89+7 84 +5
78-99 (23) 73-105 (25) 72-92 (18)
TL 109+ 6 101 +£7 9 +7
98-119 (23) 83-115 (25) 91-118 (18)
HF 23 +1 21+ 1 21 +1
21-27 (22) 19-24 (26) 20-25 (18)
Ear 15+1 13+2 14+1
11-17 (22) 11-18 (24) 11-15 (18)
w 1945 19+3 20+ 5
12-29 (22) 13-23 (26) 8-28 (18)
CIL 21.02 +0.77 21.12+£0.73 20.80 + 1.12
19.28-22.8 (34) 19.44-22.1 (21) 18.52-22.9 (35)
LD 5.77 £0.35 5.82£0.32 5.70 £ 0.38
4.94-6.5 (33) 5.02-6.42 (21) 4.69-6.46 (43)
PB 4.154+0.19 444 4+0.2 430+ 0.3
3.85-4.57 (34) 4.12-4.84 (21) 3.6-4.91 (41)
LIF 3.75£0.29 370 £ 0.2 3.79 £ 0.24
3.18-4.37 (34) 3.39-4.04 (21) 3.37-4.48 (43)
BIF 1.61 £0.16 1.60 + 0.14 1.68 + 0.14
1.3-1.9 (34) 1.35-1.86 (21) 1.34-1.93 (41)
LM 3.19+£0.12 3.33+£0.14 321+£0.2
2.95-3.45 (33) 3.09-3.68 (21) 2.84-3.84 (43)
BM1 0.96 + 0.04 0.96 + 0.07 0.97 £ 0.07
0.89-1.05 (33) 0.86-1.11 (21) 0.82-1.14 (43)
MIM 4.354+0.13 434 +0.16 4.29+0.2
4.09-4.63 (34) 3.94-4.55 (21) 3.86-4.63 (43)
BRO 4.36+0.2 445 +0.21 4.29 +0.29
3.9-4.76 (34) 4.01-4.85 (20) 3.87-5.03 (43)
ORL 8.08 £0.33 7.82 £0.43 7.95 £0.37
7.28-8.82 (34) 7.08-8.56 (17) 7.06-8.64 (42)
7B 12.37 £ 0.44 12.31 £ 0.39 12.05 £ 0.54
11.3-13.26 (33) 11.41-13.03 (21) 10.84-12.85 (41)
BZP 226 +£0.13 220+ 0.13 222 4+0.15
1.94-2.48 (33) 1.9-2.38 (21) 1.93-2.52 (43)

pulsus (Bonvicino and Almeida, 2000), Cerradomys akroai and Cer-
radomys scotti (Bonvicino et al., 2014), Juliomys rimofrons and Julio-
mys ossitenuis (Costa et al., 2007). Examples of pericentric inversion
as polymorphism are in Oligoryzomys nigripes and Akodon cursor (Fa-
gundes et al., 1998; Bonvicino et al., 2001).

The apparent similarity between the karyotype of Oligoryzomys sp.
n. (2n=64 and FN=64) with those of O. microtis (2n=64 and FN=66),
0. mattogrossae (2n=62 and FN=64), and O. flavescens (2n=64-66 and
FN=66-68), has led to various incorrect associations (see Weksler and
Bonvicino, 2015). The karyotype of Oligoryzomys sp. n. with 2n=64
and FN=64 has been attributed to O. microtis (Di-Nizo et al., 2015).
Another chromosome complement with 2n=66 and FN=74 (Andrades-
Miranda et al., 2001) was described from Amazonian Oligoryzomys
specimens wrongly identified as O. microtis; this karyotype probably
belongs to O. messorius (see Weksler and Bonvicino, 2015).

The chromosome complements of O. microtis (2n=64 and FN=66)
and O. flavescens (2n=64 and FN=66), despite sharing the same 2n
and FN, differ in the morphology of the largest autosome pair, which is
metacentric in the O. microtis and acrocentric in O. flavescens, des-
pite sharing the same G banding pattern (Figure 3 in Aniskin and
Volobouev, 1999). The comparison of the complete G band karyo-
types of O. microtis and O. flavescens shows variations in the morpho-
logy of the two largest autosome pairs. These differences arise from a
centromeric shift and the addition of a heterochromatic arm, respect-
ively, indicating that these chromosomal features are stable within each
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species (Aniskin and Volobouev, 1999). These karyotypes also differ
from each other by the presence of supernumerary chromosomes in
O. flavescens. Similarly, despite the apparent similarity between O.
mattogrossae and Oligoryzomys sp. n. karyotypes, in situ hybridiza-
tion clearly shows differences between the chromosome complements
(Di-Nizo et al., 2015, species identified as O. fornesi and O. microtis,
respectively). These findings also showed that these apparent similar-
ities among O. microtis, Oligoryzomys sp. n., O. mattogrossae, and O.
Sflavescens are superficial, and that the differences among these karyo-
types are enough to reduce or prevent the fertility of hybrids.

Phylogenetic results

The phylogenetic analyses in this study, employing both Maximum
Likelihood (ML) and Bayesian Analysis (BA) methods based on the mi-
tochondrial cytochrome b gene (mt-Cytb) and the combined mt-Cytb
and nuclear i7-Fgb, produced incongruent topologies, but the discrep-
ancies were usually in clades with low support values. In the mt-Cytb-
only analysis, the first split within Oligoryzomys separates the O. mi-
crotis species group from remaining species, while the combined ana-
lysis of mt-Cytb and the i7-Fgb gene reveals an initial dichotomy sep-
arating a clade with the O. microtis species group and O. mattogrossae
from the remaining species. Four additional clades are strongly suppor-
ted in both mt-Cytb and the combined analyses: 1) O. stramineus + O.
nigripes, 2) O. occidentalis + O. longicaudatus + O. flavescens + O.
fornesi, 3) O. costaricensis + O. vegetus + O. fulvescens, O. destructor,
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Figure 8 — Comparative plate of Oligoryzomys skulls, showing the variation of six selected
qualitative traits: depth of the zygomatic notch (dorsal view; A-B), interorbital region
(dorsal view, C-D), width of interparietal (dorsal view, E-F), presence of jugal (lateral
view; G-H), and shape of incisive foramina and length of palate (ventral view; I-K). (A)
Oligoryzomys sp. n., central clade (MN87906); (B, D, F, H, I) O. microtis (MN87951); (C)
Oligoryzomys sp. n., central clade (MN87901); (E, G, K) Oligoryzomys sp. n., eastern clade
(MN76227); ()) Oligoryzomys sp. n., central clade (MN87907).

and 4) O. arenalis + O. guille, O. andinus. These findings provide in-
sights into the phylogenetic relationships and genetic divergence within
the Oligoryzomys genus, aligning with previous phylogenetic analyses
of the genus (e.g., Gonzdlez-Ittig et al., 2010, Gonzélez-Ittig et al.,
2014, Weksler et al., 2017; da Cruz and Weksler, 2018; da Cruz et al.,
2019; Hurtado and D’Elia, 2019, 2022).

The O. microtis species group, as identified in this study, comprises
two primary clades. The first clade encompasses O. microtis sensu
stricto specimens from Peru, Bolivia, and the Brazilian states of Acre
and Amazonas within the western Amazon, including the topotype
specimen MN84349. The second clade comprises specimens of Oli-
goryzomys sp. n. from Tocantins, Mato Grosso, and Ronddnia. Signi-
ficantly, this clade is further divided into two well-supported subclades,
each characterized by distinct geographic distributions. The first sub-
clade, referred to as the Central clade, includes samples from Mato
Grosso and Rondonia, located in the south-central Amazon region,
while the second subclade, known as the Eastern clade, encompasses
specimens from Tocantins, positioned in the southeastern Amazon re-
gion.

Additionally, the median-joining network analysis of mt-Cytb data
delineates three primary haplogroups. The first corresponds to O.
microtis s.s., with specimens from Bolivia, Peru, and the Brazilian
states of Amazonas and Acre. The second comprises specimens of
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Figure 9 — Results of principal component analysis (A-D) and canonical discriminant
analysis (E-H) of log-transformed cranial measurements. Scatterplots A and E include all
analyzed specimens, while remaining graphs refer to pairwise contrasts between: (B and
F) eastern and central clades of Oligoryzomys sp. n., (C and G) O. microtis and eastern
clade of Oligoryzomys sp. n., and (D and H) O. microtis and central clade of Oligoryzomys
sp. n..

Oligoryzomys sp. n. from the Brazilian state of Ronddnia (Cent-
ral clade), and the third includes specimens from Tocantins (Eastern
clade). Within the first haplogroup, there is further subdivision into
two subgroups. One subgroup contains specimens from Peru and the
Brazilian states of Amazonas and Acre, while the other comprises spe-
cimens from Bolivia and the Brazilian state of Acre. Genetic distances,
based on uncorrected p-distances using mt-Cytb sequences, reveal a
7.4 % difference between O. microtis s.s. and Oligoryzomys sp. n.
Eastern clade, a 7.4 % difference between O. microtis s.s. and Oli-
goryzomys sp. n. Central clade, and a 5.4 % difference between the
central and Eastern clades of Oligoryzomys sp. n. This intricate ge-
netic structuring within the O. microtis species group alludes to poten-
tial historical isolation and differentiation events within these regions,
underscoring the genetic distinctiveness of Oligoryzomys microtis from
the western Amazon, including those from the type locality, in compar-
ison to their counterparts in the south central and southeastern Amazon
regions.

Morphological variation and cryptic species

Species of the genus Oligoryzomys, and in particular Amazonian
forms, are extremely similar in their external and cranial anatomy, and
thus very hard to tell apart; Hershkovitz (1966: 137), for instance, con-
sidered O. flavescens and O. longicaudatus as “races” of O. nigripes.
Moreover, Voss et al. (2001: 119) stated that they “...found no obvi-
ous qualitative characters to distinguish Oligoryzomys fulvescens (as
represented by ... Mexican and central American exemplars) from
typical O. microtis.” Despite overall similarity, several morphological
characters have been demonstrated to vary among species (Myers and
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Carleton, 1981; Carleton and Musser, 1995; Weksler and Bonvicino,
2005; Machado et al., 2011; Agrellos et al., 2012; Weksler et al., 2017;
Hurtado, 2021), and a few subtle differences were observed among the
mitochondrial lineages detected here, such as configuration of inter-
orbital region, incisive foramina, zygomatic plate, and jugal. In any
case, O. microtis and Oligoryzomys sp. n. are so morphologically and
morphometrically similar that they can be considered as cryptic spe-
cies, at least in the character systems analyzed by us. Additional re-
search in comparative morphology of other character systems, such as
penial and stomach morphology, may reveal diagnostic characteristics
for the species.

Numerous other Oligoryzomys species present taxonomic challenges
as cryptic entities. These species exhibit limited and often polymorphic
morphological variations while concurrently demonstrating significant
divergence in karyological and molecular characteristics (Gonzalez-
Ittig et al., 2014; Rivera et al., 2018; da Cruz and Weksler, 2018). The
complexities surrounding their identification hold substantial implic-
ations, particularly in the context of public health services, as several
Oligoryzomys species serve as reservoirs for Orthohantavirus (Agrel-
los et al., 2012; Firth et al., 2012; Rivera et al., 2007; da Cruz et al.,
2019).

Within rodents, and more broadly among mammals, the discovery
of cryptic species currently lies on the application of molecular tech-
niques, with "DNA barcoding” and automatic species detection (e.g.,
GMYC, b-PTP) standing as popular tools for unraveling genetic vari-
ations within seemingly indistinguishable populations (e.g., da Cruz et
al., 2019; Ojeda et al., 2021; Di-Nizo et al., 2022; Quiroga-Carmona
et al., 2022). Nevertheless, the central challenge in recognizing cryptic
species lies in distinguishing between genetic structuring arising from
geographical barriers within a species and the delineation of genuinely
distinct evolutionary lineages that may exhibit morphological similarit-
ies. We contend that karyotypic data serves as an indispensable source
of information for distinguishing between genuine cryptic entities and
regional variants marked by genetic structuring. This rationale under-
pins the approach adopted in our current study, where we describe a
new species possessing a distinctive karyotype in contrast to O. mi-
crotis, while the two new subspecies share the same karyotype and ex-
hibit subtle morphological differences. We further emphasize the need
for expanded and more geographically comprehensive sampling to val-
idate our classification.

Biogeography

Oligoryzomys sp. n. predominantly inhabits the central Brazil Shield,
while O. microtis sensu stricto is found in the western Amazonia low-
lands and in the Mamoré-Madre de Dios Piedmont. The new lineage
is currently separated from O. microtis in the northern part of its range
by the Amazonas/Solimdes River, and in the west by its tributary, the
Madeira River. This distribution pattern is also observed in marsupi-
als, as seen with Monodelphis glirina with distribution in the western
Amazonia lowlands and its sister species, M. maraxina, in the cent-
ral Brazil Shield (Bonvicino et al., 2023). The Amazonas/Solimd&es
River also serves as a barrier for subspecies and sister species of vari-
ous mammals, including rodents such as P. steerei in the south and
P. quadruplicatus in the north (Patton and da Silva, 1998). Addition-
ally, marsupials such as Caluromys philander philander are found in
the north, while C. philander affinis and C. philander dichurus inhabit
the south. In the case of species of Marmosa (Micoureus), M. demer-
arae is found in the north of the Amazonas/Solimdes River, while M.
constantiae and M. domina are located in the south (Bonvicino et al.,
2023).

There is evidence that the Madeira River has acted as a vicariance
barrier for certain mammals and avian species, such as Primates like
Callicebus brunneus and Callicebus dubius (Santorelli et al. 2018), as
well as birds like Psophia viridis and Psophia leucoptera (Ribas et al.,
2011). However, its role as the limit of distribution was not supported
for several species of mammals, birds and squamates (Santorelli et al.,
2018).
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The hypothesis of rivers serving as current barriers has been tested
since its formulation in the 19th century (Wallace, 1853) and has be-
come a valuable concept for understanding the delimitation of spe-
cies and subspecies distribution. Riverine barriers can pose significant
obstacles to several taxa, such as birds (Naka et al., 2022) and mam-
mals (Ayres and Clutton-Brock, 1992). However, the role of rivers as
a primary factor in speciation remains less established (Bonvicino and
Weksler, 2012; Janiak et al., 2022). When assessing the role of rivers
as geographic barriers, it is essential to consider various characterist-
ics, not only of the rivers themselves (e.g., meandering rivers, depth,
water speed) but also of the taxa under investigation, including their
ability to disperse and swim. In the case of Oligoryzomys sp. n., the
causative role of the Madeira River remains uncertain.

O. microtis taxonomy and implications for Rio Mamoré
orthohantavirus

Karyotype differences were congruent with median-joining and phylo-
genetic analyses (Figs. 3 and 4), which showed O. microtis separated
into two clades, the first with specimens from Brazilian Cerrado biome
and transitions areas with Amazonas, including karyotyped animals of
Oligoryzomys sp. n.; and a second clade with specimens from localities
in the Bolivian, Peruvian and Brazilian Amazon biome, including ka-
ryotyped specimens, and a topotype, of O. microtis. The first clade was
further divided into two subclades, one with specimens from southeast-
ern Amazon (Tocantins state) and another with specimens from south
central Amazon (Ronddnia and Mato Grosso states).

Previous studies with Orthohantavirus sequences detected four vari-
ants in the Rio Mamoré orthohantavirus genotype (Richter et al., 2010;
Firth et al., 2012; Guterres et al., 2015; Nunes et al., 2015): RIOMV
in Bolivia (=OMM-556) and in Peru (=HTN-007), RIOMV-3 in Acre
and Amazonas states, Brazil; and RIOMV-4 in Rondoénia state, Brazil.
Phylogenetic analysis of Orthohantavirus sequences (Firth et al., 2012)
have demonstrated that these four lineages are highly divergent and do
not form monophyletic group. These authors also associated the first
three lineages of Rio Mamore orthohantavirus to O. microtis and one,
RIOMV-4, to an unnamed species, which is described here (see also
Figure 3 for identification of Orthohantavirus positive Oligoryzomys
specimens).

The evidence presented here suggests that O. microtis and Oli-
goryzomys sp. n. belong to different evolutionary lineages, and thus
they merit taxonomic recognition. Although the two forms are recip-
rocally monophyletic and differ in the chromosomal complement, they
are morphologically similar, and thus could be considered as different
cryptic species in a phylogenetic species concept (e.g., De Queiroz,
2007). Furthermore, we opted here for the recognition of two sub-
species within the Oligoryzomys sp. n. lineage, corresponding to the
Central and Eastern clades, due to sharing the same karyotype. We
could not find non-overlapping discrete morphological diagnostic fea-
tures between the two subspecies among analyzed features (skin, skull,
and dentition), and thus taxonomic identification would be presently
impossible without the use of DNA sequences, hindering ecological
and epidemiological studies. Future morphological work in other sys-
tems may provide anatomical evidence for specific separation.

TAXONOMIC ACCOUNT
Oligoryzomys gri sp. n.
Figures 6,7, and 8

Holotype. MNS87921, an adult male collected on 2005, July
20 by Secretaria de Vigildncia em Satde (SVS, original field num-
ber SVS134/LBCE20531), at Fazenda do Seu Bento, Alto Paraiso,
Rondoénia state, Brazil (Fig. 7). The holotype consists of skin, skull,
and liver tissue fixed in ethanol. External measurements of holotype
(see material and methods for acronyms; all measurements in mm ex-
cept weight): ToL = 185, TL = 101, HF = 20, Ear = 13, W= 13 g, CIL
=21.01, LD = 5.74, PB = 4.45, LIF = 3.57, BIF = 1.62, LM = 3.40,
BM1 =1.01, MIM =4.25, BRO =4.35, ORL = 8.05, ZB = 12.19, BZP
=2.17.



Description of new species of Oligoryzomys microtis complex

Paratypes. All from the type locality. MN91084, an adult male
(original field number SVS003/LBCE7038), and MN91085, an adult
female (original field number SVS004/LBCE7039), both collected by
SVS on 2005, July 15, consisting of skin, skull (broken), cell suspen-
sion and liver tissue fixed in ethanol. MN87919 male (original field
number SVS118/LBCE20515), collected by SVS on 2005, July 20,
consisting of skin, skull, and liver tissue fixed in ethanol; MN91086
male (original field number SVS107), collected by SVS on 2005, July
19, consisting of skin, skull (broken), and liver tissue fixed in ethanol.

Etymology: the name gri means small or tiny in the Apinayé lan-
guage (Albuquerque, 2012), as well as in proto-Macro-Jé (Nikulin,
2020), and refers to the smaller size of this species in relation to most
Oligoryzomys species. We employed the Latin form ’gri’, as employed
in Albuquerque (2012), instead of "ngri’ (Nikulin, 2020) because the
guttural sound represented by the letter ‘1)’ can be challenging to pro-
nounce.

Type Locality: Brazil, Rondonia state, Alto Paraiso, Fazenda do Seu
Bento (9°19°15"S, 63°19°15"W, 108 m a.s.L.).

Geographic Distribution:  Oligoryzomys gri sp. n. occurs
throughout the Southern border of the Amazon biome of central and
northwest Brazil and in areas of ecotone between Amazon and Cer-
rado biomes (Fig. 1; appendix 1). In Brazil, the species has been re-
ported in the states of Rondonia, Mato Grosso, Pard, and Tocantins
(Table 1, Fig. 1), in the Madeira-Tapajos and Xingu-Tocantins interflu-
vial regions.

Diagnosis: A small-sized Oligoryzomys species (adult HBL vary-
ing from 73-105 mm) with slightly bicolored tail longer than the head-
body size, incisive foramina posterior borders never extending posteri-
orly the plane of the alveolus of the first upper molars, palatal bridge
broad and relatively short, with posterior portion extending beyond M3
plane less than half M3 length. In addition, all known karyotyped spe-
cimens share the same diploid number of 64 and fundamental autosome
number of 64.

Description: Adult dorsal pelage yellowish to orangish brown (brus-
sels brown, raw umber, antique brown, buckhorn brown in Ridgway
(1912), composed of ca. 6-7 mm-long guard hairs and slightly shorter
overhairs with a sub-apical brown-yellowish or brown-orangish band
(Fig. 6). Lateral color lighter than in dorsum and with a defined limit
with the ventral pelage. Ventral pelage coloration varies from light
cream to white slightly tinged with ochre; younger animals have more
ochraceous overtones. Ventral hairs are cream at their upper part and
grey in the third or fifth basal part. Gular and urogenital region with
pure cream hairs, without any basal grey band. Dorsal surface of pes
with short pelage, with cream hairs. Short tufts of white ungual hairs
at bases of claws on dII-dV. Plantar surface of pes with conspicuous
scales and with six plantar pads. Internal hairs of the ear are light
brown. Tail longer than combined length of head and body, scarcely
covered with small brown light hairs, and covered with relatively con-
spicuous epidermal scales, lacking a long tuft of terminal hairs and
weakly bicolored, dorsal surface dark grey and ventral surface light
grey. Superciliary, genal, and mystacial vibrissae do not extend beyond
ears. See table 2 for external measurements.

Delicate skull (Figs. 7 and 8), narrow rostrum, but slightly wider
than interorbital constriction. Interorbital region hourglass-shaped or
very slightly cuneate in eastern populations. Braincase without supra-
orbital (or weakly developed in eastern populations) and postorbital
ridges. Interparietal bone as broad as anterior half of parietal. Relat-
ively large zygomatic plate with shallow or moderate zygomatic notch.
Jugal bone not detected in lateral view, resulting in zygomatic process
of squamosal in contact with the zygomatic process of maxillary. In-
cisive foramina teardrop or round bracket shaped, the posterior bor-
ders not reaching or reaching (in eastern populations) the plane of
the alveolus of the first upper molars, but never extending posteri-
orly. Palatal bridge broad and relatively short, with posterior portion
extending beyond M3 plane, less than half M3 length. Palate with
one single large, or two smaller, posterolateral palatal pits recessed,
or not, in an incipient palatine fossa situated anterior to mesopteryg-
oid fossa and posterior or lateral to M3. Bony roof of mesopteryg-

oid fossa perforated by large sphenopalatine vacuities. Width of para-
pterygoid plate similar to the width of mesopterygoid fossa. Alisphen-
oid strut absent (buccinator-masticatory foramen and accessory fora-
men ovale confluent), alisphenoid canal with large anterior opening.
Stapedial foramen and the posterior opening of the alisphenoid canal
large, but squamosal—-alisphenoid groove and sphenofrontal foramen
absent (= carotid circulatory pattern 2 of Voss, 1988). Posterior sus-
pensory process of the squamosal absent. Large subsquamosal fenestra,
slightly smaller than postglenoid foramen. Periotic exposed postero-
medially between ectotympanic and basioccipital, reaching the carotid
canal. Mastoid perforated by conspicuous postero-dorsal fenestra. In
mandible, capsular process of lower incisor alveolus well developed;
superior and inferior masseteric ridges converging anteriorly as open
chevron below m1.

Upper and lower incisors opisthodont; molars pentalophodont. Su-
perior molar rows parallel. Procingulum of first upper molar (M 1) with
anteromedian flexus only in young animals, with moderate wear lack-
ing anteromediam flexus. A small anteroloph is present and separate
from anterocone in young, but anteroloph is joined with anterocone in
specimens with more advanced wear; posteroloph small joined to meta-
cone in specimens with more advanced wear. Paracone connected to
mesoloph, creating an internal mesofosseta. M2 with mesoloph, with
or without a protoflexus. Third upper molar (M3) is reduced, and has
a single posterior cusp, which we equate to the hypocone; hypoflexus
is diminutive. The anteroconid of the first lower molar (m1) is without
an anteromedian flexid; the mesolophid is distinct on unworn m1 and
m?2; m2 and m3 with anterolabial cingulum.

Karyotype: This species is characterized by 2n=64 and FN=64. Be-
cause of the poorly known taxonomy of this group of species, this ka-
ryotype has been previously associated with O. microtis (Di-Nizo et al.,
2015), and O. flavescens (Lima, 2004, Table 1).

Habitat: Oligoryzomys gri sp. n. is an inhabitant of Cerrado and
transition areas with Amazonas.

Comparisons: Oligoryzomys species are very similar one to an-
other, and few characters allow the separation between them. Oli-
goryzomys gri sp. n. differs from all other Oligoryzomys species by its
unique karyotype. In addition, O. gri sp. n. differs from Oligoryzomys
species that occur in Brazil by a combination of other characters includ-
ing (1) slightly bicolored tail, contrary to unicolored tail in O. nigripes
and O. rupestris (other species of the genus also have slightly bicolored
tails); (2) small-sized species (adult HBL between < 87 mm in average)
as in O. rupestris, O. microtis, O. moojeni, O. flavescens, O. delicatus,
O. messorius, O. fornesi, O. mattogrossae, opposed to large size spe-
cies (adult HBL > 100 mm in average) as O. nigripes, O. stramineus,
and O. chacoensis. O. gri sp. n. is different from O. microtis in the
relatively smaller incisive foramen in relation to the diastema length.
See also results above for more detailed morphological contrasts with
O. microtis.

Conservation status: Oligoryzomys gri sp. n. inhabits the region of
the ecotone between the Amazon rainforest and Cerrado of Central and
Northern Brazil, currently undergoing massive development in the “ag-
ricultural frontier”, where cases of Hantavirus pulmonary syndrome
(HPS) have been reported (Oliveira et al., 2009, 2011; Rosa et al., 2005,
2010; Suzuki et al., 2004). This new species, as far as we know, is
not uncommon at its sampling sites, with several specimens collec-
ted during field work. Despite its extensive geographic range (Fig. 1),
sampling localities were relatively few and distant among them. We
propose that the species be categorized as data-deficient until further
information is acquired for a proper evaluation by IUCN criteria.

Remarks: Hurtado and D’Elia (2019) suggested the presence of two
new candidate species within the O. microtis complex in their analysis
of molecular variation and automatic species identification; the two
candidate species would represent the Central and Eastern clades de-
tected in our phylogenetic analyses and considered here as subspecies
of Oligoryzomys gri sp. n.: O. gri gri, and O. gri apinaye, described
below, respectively.

Specimens Examined: See appendix 1.

Oligoryzomys gri apinaye subsp. n.
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Figures 6,7 and 8

Holotype: MN76206 an adult male, collected on September 1997
by Laboratdrio de Vertebrados, UFRJ (original field number FO19), at
Fazenda Osara II, Sdo Sebastido do Tocantins, Tocantins state, Brazil
(Fig. 7). The holotype consists of skin, skull, and liver tissue fixed in
ethanol. External measurements of holotype (see material and methods
for acronyms; all measurements in mm except weight): ToL = 193, TL
=103, HF = 23, Ear = 14, W =23 g, CIL = 21.52, LD = 5.77, PB =
3.89, LIF = 4.28, BIF = 1.79, LM = 3.37, BM1 = 0.95, MIM = 4.23,
BRO =4.35, ORL =7.98, ZB = 12.64, BZP = 2.29.

Paratypes: All from type locality consisting of skin, skull,
and tissues. MN76192 (original field number FO05), MN76194
(FO07), MN76198 (FO10), MN76200 (FO13), MN76203 (FO16),
MN75205 (FO18), MN76207 (FO20), MN76209 (FO22), MN76210
(FO23), MN76212 (FO25), MN76213 (FO26), MN76216 (FO29),
MN76217 (FO30), MN76223 (FO36), MN81726 (FO41), MN76226
(FO43), MN81727 (FO44), MN76227 (FO45), MN80436 (FO47),
MNS80431 (FO39). Skin, skull, tissue and cells suspension
of MNS81639 (offspring of MN81726), MN81640 (offspring of
MNS81726), MN81641 (offspring of MN81727), MN81642 (offspring
of MN81727), MN81643 (offspring of MN81726), and MN81644 (oft-
spring of MN81726).

Etymology: The name refers to the Apinayé people of the Macro-Jé
linguistic trunk, who are the native inhabitants of the north of the State
of Tocantins, mainly around the rivers Araguaia and Tocantins.

Type locality: Brazil, Tocantins state, Sdo Sebastido do Tocantins
municipality, Fazenda Osara II (5°16’S, 48°21°W).

Geographic distribution: Oligoryzomys gri apinaye ssp. n. occurs
in south-eastern Amazon, in the moist and semi-deciduous forests of
the Xingu-Tocantins/Araguaia interfluvial region and in areas of eco-
tone between Amazon and Cerrado biomes, in the Brazilian states of
Tocantins and Pard (Fig. 1).

Diagnosis: A small-sized Oligoryzomys taxon (adult HBL varying
from 78-99 mm) with tail longer than the head-body size, and charac-
terized by the combination of the following morphological character-
istics: interorbital region cuneate with weakly developed supraorbital
ridges; large zygomatic plate with deep zygomatic notch; palatal bridge
broad and long, with posterior portion extending beyond M3 plane by
half M3 length.

Description: External morphology as in Oligoryzomys gri (Fig. 6),
except for characters differentiated in the diagnosis (see also Fig. 5).
See table 2 for external measurements. Skull similar to O. gri, except in
the following characters (Fig. 7 and Fig. 8): interorbital region cuneate;
supraorbital ridges weakly developed. Relatively large zygomatic plate
with deep zygomatic notch. Incisive foramina reaching the plane of
the alveolus of the first upper molars, but never extending posteriorly.
Palatal bridge broad and long, with posterior portion extending beyond
M3 plane by half M3 length. Long mesopterygoid fossa exposing a
relatively larger portion of the presphenoid.

Karyotype: This species is characterized by 2n=64 and FN=64
(Fig. 2), sharing the same chromosome complement with Oli-
goryzomys gri gri.

Habitat: Oligoryzomys gri apinaye subsp. n. is an inhabitant of
Cerrado and transition areas with the Amazon.

Comparisons: See comparisons above for contrasts with other spe-
cies. Oligoryzomys gri apinaye ssp. n. differs from Oligoryzomys
gri gri by its smaller skull size (Table 2), deeper zygomatic notch and
longer interparietal and the cuneate supraparietal region with more de-
veloped crests (Figs. 7 and 8). In ventral view, O. gri apinaye differs
from both O. gri gri and O. microtis in longer incisive foramen, res-
ulting in a shorter palatal bridge, and a mesopterygoid fossa extending
anteriorly closer to M3 plane (less than M3 length; Fig. 8).

Remarks: See above in remarks for Oligoryzomys gri sp. n..

Specimens Examined: This subspecies corresponds to Oli-
goryzomys sp. in Hurtado and D’Elia (2019) and to clade 2 of O. mi-
crotis in da Cruz et al. (2019). &%
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