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Abstract

Studies of biotic radiations following geographic invasions often overlook the poten-
tial role of subsequent climatic, biotic, and geologic triggers, instead focusing largely
on the earliest stage of an invasion. For example, studies of the rodent subfamily
Sigmodontinae, a clade of over 500 species that radiated throughout South America
as an early participant in the Great American Biotic Interchange, have historically
focused more on invasion than post-invasion opportunities or subsequent environ-
mental change. Here, we place the timing and transitions of this radiation in context
of changing climatic, biotic, and geologic factors by reconstructing the biogeography
of the radiation. To accomplish this, we generated the largest genomic phylogeny of
Sigmodontinae to date, one that includes over 80% of the genera and 40% of the
known species (including all incertae sedis taxa), and we produced a fossil-calibrated
chronogram. Our results indicate a single invasion of South America at the base of
Sigmodontinae (~ 10.46 million years ago [mya]) with two waves of increased lineage
generation and biogeographic transition rates, the first of which occurred following a
four-million-year lag after the invasion. The timing and location of this initial radiation
(6.61-5.78 mya, Oryzomyalia) coincided with the spread of montane cloud forest
along the Andean cordillera during the Late Miocene Cooling. We propose a scenario
where sigmodontines did not spread throughout the continent until the Mid-Pliocene
Faunal Turnover (4.5-3.0 mya), a period of high extinction of South American mam-
mals. A comprehensive classification for the subfamily (including two new Linnaean
tribes) is provided that incorporates these new results.
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Introduction

Causes of increased diversification rate is a central theme in evolutionary biology;
however, most studies have focused on island systems and relatively small clades
where the process is more easily studied, but that are not typical of the geographic
context in which most biological diversity is believed to have evolved [1,2]. Events
like the Great American Biotic Interchange (GABI) between North and South America
provided opportunities for radiations to occur across entire continents, generating
more speciose and phenotypically diverse clades that are often understudied. The
difficulties of studying continental radiations arise from the greater geographic scope,
phenotypic disparity, and often under-sampled habitats [see 3].

Muroid rodents are by far the most speciose superfamily in mammals, comprising
more than 1,860 species in 20 subfamilies that have diversified across all major con-
tinents and island groups [4—6] and as such may yield insights into causes of diversi-
fication. Roughly two-thirds of this diversity resides in two clades with unusually high
diversification rates, the Old World subfamily Murinae and the Neotropical subfamily
Sigmodontinae (primarily the subclade Oryzomyalia [7]). The strongest case for a
muroid radiation that fits the expectations of an adaptive radiation via ecological
opportunity [1,8] was within the South American members of the Sigmodontinae, spe-
cifically Oryzomyalia. Following colonization by a small number of species, this clade
exhibited an early burst followed by a decline in diversification rate consistent with
diversity-dependent models, and its members now occupy virtually every habitat on
the continent and have diverse morphologies [7,9,10]. However, other authors have
argued for a nonadaptive radiation followed by later transitions into new habitats over
time, leading to the morphological diversity seen today [11,12]. Regardless of the
mechanism or the precise timing of adaptive divergence, the rapid radiation of this
subfamily is exceptional among mammals, generating more than 500 extant species
over the last ten million years with species in nearly every ecosystem in South Amer-
ica [5,7,13—-15].

Sigmodontinae was thought to have diversified across South America after
crossing the newly formed landbridge from North to South America around 4 mya
during the GABI [16] or possibly by island-hopping earlier [17]. These alternatives
were referred to as the late and early arrival hypotheses, as vigorously debated by
Simpson [18], Paterson and Pasqual [19], and Baskin [20] (late) versus Hershkovitz
[21], Marshall [22], and Reig [23] (early). However, despite numerous morphological

branches at the base of the Oryzomyalia radiation (accounting for approximately 93%
of species in the subfamily [5]) and sparse sampling of its sister-clade Sigmodontalia,
have led to uncertain relationships among its tribes and consequently regarding its
location and time of origin (e.g., North, Central, or South American; prior or posterior
to the GABI?). Since 2012, there have been 14 different rooting options of the basal

strong support: the phylogenomic study of Parada et al. [15] and a subsequent study
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that combined the Parada et al. [15] data with additional published genes that had much broader taxonomic sampling [35].
Parada et al. [15] produced the first molecular phylogeny with strong support at the base of Oryzomyalia, but they only
sampled ~11% of all known species and ~40% of all genera, with some tribes and early incertae sedis taxa unsampled.
Because each of these tribal-level lineages has a distinctive geographic distribution, this limited resolution and sampling
has prevented a comprehensive or even accurate reconstruction of the evolutionary and biogeographic history of one of
the largest mammalian radiations. Vallejos-Garrido et al. [35] added the majority of remaining sigmodontine species, but
many of those had very limited genetic data.

While tracing the history of this continental radiation provides a challenge, the advancements in genomic sequenc-
ing and availability of continental-scale paleoclimatic reconstructions [e.g., 42, 43, 44] can allow us to tackle this
challenge and trace its timing and biogeographic history. In the present contribution, we obtained a comprehensive
taxonomic sampling with 74 genera (84% of the 88 known extant genera) and 190 species (~38% of the >504 known
species; [5,6]) of the subfamily Sigmodontinae, including the critical members of the understudied clade Sigmodon-
talia and all unplaced incerta sedis taxa, allowing us to greatly expand upon the phylogenomic study of Parada et al.
[15] and generate the first phylogenomic study sampling nearly all Miocene and Pliocene nodes. Using this phylogeny,
we conducted a time-calibrated biogeographic reconstruction and identified changes in lineage origination and biogeo-
graphical transitions in a paleoclimatic context to identify potential triggers for diversification. This study provides one
of the largest studies of a continental radiation and helps disentangle the complexity of events that shape radiations
on this scale.

Materials and methods
Sample selection and library generation

A total of 219 samples were used for this study, representing all five subfamilies of Cricetidae: Cricetinae (3 samples),
Arvicolinae (3), Neotominae (9), Tylomyinae (4), and Sigmodontinae (190); as well as Calomyscidae (1) and Muridae (9)
as outgroups. Within the New World mice and rats (Neotominae, Tylomyinae, and Sigmodontinae) 16 of 17 tribes were
represented; within Sigmodontinae, all remaining tribes and incertae sedis taxa (Abrawayaomys, Chinchillula, Delomys)
were sampled, excepting the new tribe for the genus Neomicroxus [45]. All details on sampling including collection and
museum voucher numbers can be found in Supplementary S1 Table. No new specimens were collected for this study, and
all existing samples were used with permission of the collector or lending institution.

Of the 219 samples, 180 had Anchored Hybrid Enrichment (AHE) libraries generated using the Rodent418loci probe
set [46], of which 13 were generated from a previous study across rodents [46]. The remaining 39 samples were from an
AHE study focused on the tribe Oryzomyini using the Vertebrate518loci probe set [47], that overlapped for 176 loci.

New libraries were generated following the protocol from Bangs and Steppan [46] using either freshly extracted DNA
or previously extracted samples from past studies [7,9,34]. Additional samples of uncommon species were extracted from
either museum skin clips or toe clips using Omega EZNA Tissue DNA Kit following manufacturer’s protocol (Omega Bio-
tek, Doraville, USA).

All samples were normalized to 1 pg of DNA in 50 pl of Qiagen elution buffer using the broad range Qubit kit to quantify
concentrations. Samples were sonicated before library preparation using M220 ultrasonicator (Covaris, UK) for 50 sec-
onds at 50 W peak incident power, 10% duty factor, and 1000 cycles per burst, in order to yield an average size of 500
bps. Some toe clip extractions were already highly degraded with mean size between 500-300 bps and were not soni-
cated but instead moved directly to library preparation. Whole genome library preparation was performed using the NEB-
Next Ultra Il DNA library prep kit (New England BioLabs, UK) and followed the manufacture’s protocol with each individual
uniquely indexed using the NEBNext Multiplex Dual Index Oligos for lllumina (New England BioLabs, UK). Libraries were
quantified using Qubit broad range kit and pooled at equal concentrations with 24 samples per pool and dehydrated using
a SpeedVac vacuum concentrator (ThermoFisher, USA) to produce a concentration of 750 ng of DNA in 3.5 pl of Qiagen
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elution buffer. Pooled libraries were enriched using the Agilent SureSelect RNA Rodent418loci probe enrichment kit fol-
lowing manufacture’s protocol. The final enriched libraries were verified using a TapeStation 2200 (Agilent Technologies,
USA) and a qPCR before sequencing on two lanes of lllumina 2500 HiSeq pair-end 150 bp sequencing (lllumina, USA) at
GeneWiz (New Jersey, USA).

Sequence processing and alignment

Reads were processed using the SECAPR pipeline [48], that in brief first removed adaptor sequences, palindromic
sequences, and poor-quality reads (Q-score <20) using Trimmomatic [49], then assembled reads using ABySS [50],
before finally pulling out target sequences using a quasi-reference generated using sequences from four Cricetidae
samples (Cricetulus griseus, Microtus ochrogaster, Peromyscus leucopus, and Phyllotis xanthopygus) from Bangs and
Steppan [46]. The reference was a majority-rule consensus of the four samples for all 418 loci and can be accessed at
Data Dryad (https://doi.org/10.5061/dryad.hmggnk9x7).

Similar to Bangs and Steppan [46], we tested two variables for pulling out target sequences in SECAPR: (1) the per-
cent identity for a match and (2) the minimum coverage of the target on a subset of 24 samples from across the taxo-
nomic breath of the study. Increasing values for these variables decreases the chance for retrieving the correct match,
while decreasing these values increases the chance for pulling out multiple matches for a target due to incorrect matches.
Values of 40%, 60%, and 80% were tested for the minimum coverage and values of 95%, 90%, 85%, and 80% were
tested for the percent identity for a match. Ultimately, we chose 85% percent identity and 60% percent coverage based
on maximizing retrieval of target sequences while minimizing loss of sequences due to paralog filtering. Sequences were
then aligned using Muscle [51], remapped using a consensus sequence as reference, and finally realigned as suggested
by Andermann et al. [48]. All bases with lower than ten read depth were removed using SECAPR in order to exclude
potential low-quality areas of the sequences.

All filtered reads have been submitted to NCBI Short Read Archive (BioProject accession number PRINA1273194;
sample accession numbers SAMN48939036- SAMN48939191). All alignments are available on Dryad at https://doi.
org/10.5061/dryad.hmggnk9x7.

Phylogenetic analysis

Phylogenies were generated using both concatenated maximum likelihood (IQ-TREE v. 1.6.1; [52]) and multispecies
coalescent (Astral-lll; [53]) methods. IQ-TREE was run using the partition concatenated alignment for GENESITE boot-
strap resampling with 1000 ultrafast bootstrap replicates (UFBoot2; [54]) using the CIPRES online portal [55]. This method
reduces the chance for overestimation of support for large genomic datasets compared to other maximum likelihood meth-
ods [54]. Individual gene trees were estimated in RAXML (v. 8.2.12; [56]) for each AHE locus with 1,000 rapid bootstraps.
All nodes with less than 50% bootstrap support were collapsed and resulting trees were used as input into a multispecies
coalescent analysis in Astral-lll. Collapsing the low support nodes was done to improve accuracy per Zhang et al. [53].
Support in Astral-1ll was calculated using local posterior probabilities (LPP; the quartet score, interpreted as the probability
of a branch given the set of gene trees [53]).

Fossil calibration

A time calibrated phylogeny was created using six calibration points used in the most recent Sigmodontinae phylogenic
studies [9,13,15,47]. These included one within Muridae (Mus — Rattus split 11.05-12.42 mya sensu Kimura et al. [57];
used by Parada et al. [15]), one within Neotominae (Reithrodontomys — Isthmomys split 1.8—7.49 mya; used by Schenk
et al. [9]) and four within Sigmodontinae (Sigmodontini — Ichthyomyini split 4.9—14.98 mya used by Schenk et al. [9]) and
Parada et al. [15]; Necromys — Thaptomys/Akodon split 3.5—4.1 mya used by Schenk et al. [9]; Holochilus — Pseudoryzo-
mys split 0.8—1.2 mya used by Schenk et al. [9]; Schenk and Steppan [13]; and Percequillo et al. [47]; and Loxodontomys/
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Auliscomys 3.5—-4.1 mya sensu Barbiere et al. [58] and used by Parada et al. [47]). The only difference in placement of
these calibration points from past studies was in the use of the Kraglievichimys formosus fossil as the crown age of the
clade containing Loxodontomys/Auliscomys within Phyllotini. Schenk et al. [9] applied a conservative age estimate of 4.0—
6.8 mya to the most recent common ancestor (MRCA) of Auliscomys and Andalgalomys, that is several short branches
deeper within Phyllotini, whereas Parada et al. [15] applied this fossil even deeper to the crown age of Phyllotini as a
whole, using a narrower confidence interval (Cl) of 3.5—-4.1 mya, with the node-attribution based on a reevaluation of the
fossil by Barbiéere et al. [58]. Barbiere et al. [58] concluded that K. formosus possessed characters of both Loxodontomys
and Auliscomys, however a well-supported sister grouping of these two genera had never been recovered. Here, how-
ever, these two genera were recovered as sister taxa with a high support and thus we apply this calibration to the MRCA
of Loxodontomys and Auliscomys.

Fossil calibration was performed using a full maximum likelihood model in MEGA (v. 11.0.9 [59]) on a subset of 50 loci.
Both recent phylogenomic studies utilizing target capture (ultra-conserved elements [15]; and AHE [47]) used a subset
of the loci due to computation limitation and concerns with topological and rate heterogeneity across loci (per Smith et
al. [60]). To select the subset of AHE loci we followed the guidelines of Percequillo et al. [47] for selecting the 50 loci that
are most clock-like (minimum variance in root-to-tip length), reasonable tree length, and least in conflict with the overall
species tree using SortaDate [60].

Biogeographic reconstruction

Species were placed into one or more of ten regions with the ranges of each species extracted from IUCN [61]. A species
is considered present in a region if more than 10% of its distribution range is within that region. Regions were delimited
based on vegetation, precipitation, and elevation maps and largely follows the Level | ecoregions outlined by Giriffith et

al. [62]. Using this coding, an ancestral biogeographic reconstruction was performed in RASP [63] using a full hierarchi-
cal Bayesian Binary MCMC (BBM) analysis with a F81 + G model [64] with a maximum number of three areas run across
ten chains for 100,000 generations, a 20,000 generation burn-in, and sampled every 100 generations. We utilized this
method because it has been shown to work well for phylogenies with large number of taxa and allows for (1) differences
in transition rates between regions, (2) multi-state reconstructions, (3) samples coded for multiple regions, and (4) uneven
distributions across regions (see, [13]). Geographic transition rates and diversification rates per lineage, that were extant
during specific time periods, were estimated following the sliding-window procedures and custom script from Schenk and
Steppan [13], with the exception that we used a narrower, 100,000 year window. The rates were estimated using the sin-
gle range assignments with the highest posterior probability for each node.

Nomenclatural acts

The electronic edition of this article conforms to the requirements of the amended International Code of Zoological
Nomenclature, and hence the new names contained herein are available under that Code from the electronic edition of
this article. This published work and the nomenclatural acts it contains have been registered in ZooBank, the online reg-
istration system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be resolved and the associated informa-
tion viewed through any standard web browser by appending the LSID to the prefix “http://zoobank.org/”. The LSID for
this publication is: urn:lsid:zoobank.org:pub:36FE653F-D6D7-4D10-B3A4-4AB8695B24B9. The electronic edition of this
work was published in a journal with an ISSN and has been archived and is available from the following digital reposito-
ries: PubMed and LOCKSS.

Results

Samples enriched using the Rodent418Loci AHE probe set generated sequences for 415 of the 418 target loci (99.3%)
with an average of 405.7 (97.7%) sequences generated per sample and a range of 375 (90.4%) to 415 (100%) sequences
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per sample. For the additional sequences from 39 samples generated with the Vert512Loci AHE probe set [47], 157 loci
overlapped and successfully aligned with the 415 loci newly generated for a total sequence overlap of 256,010 base
pairs (bps) between the two data sets. The final combined alignment consisted of 538,288 bps of which 164,676 were
parsimony-informative and 86,414 were singleton sites, with on average 321,357 bps per sample. All samples had at
minimum 150,000 bps of aligned sequence. The alignment for the time-calibrated tree consisted of 50 loci with combined
sequence length of 76,859 bps with all samples having at least 32 loci and on average 51,263 bps of sequence. Both
alignments can be found on Data Dryad.

The topology of phylogenies generated in |IQ-Tree and Astral-Ill were similar and had similar support values throughout.
Most nodes (92%) were recovered with high support (>0.90 UF bootstrap and LPP; Fig 1), with only ten nodes with mod-
erate support (0.89-0.75 UF bootstrap and 0.89-0.75 LPP) and eight with low or conflicting support (< 0.75 UF bootstrap
or < 0.75 LPP). Most of these moderate to low supported nodes were within tribes, at the species or genus level (16 out
of 18). The exceptions were the node for the placement of Reithrodontini having moderate support (0.79 UF bootstrap
and 0.87 LPP) and the position of tribe Andinomyini having high support but conflicting placement, with either (i) IQ-Tree
supporting its placement as the sister taxon to the clade formed by Euneomyini, Chinchillula, Abrotrichini, Wiedomyini,
Delomys, and Phyllotini (Fig 1), or (ii) Astral-Ill placing Andinomyini within that group sister to a clade formed by Euneomy-
ini and Chinchillula. The placement of Andinomyini had no effect on the biogeographic reconstruction given that the three
nodes leading up the split as well as the one after the split all reconstructed to the same region and also represents one of
the shortest internode distances in the phylogeny with the fossil calibrated phylogeny estimating the duration at ~63,700
years (Fig 2).

Regarding the three incertae sedis genera (Abrawayaomys, Chinchillula, Delomys), all three were sister to estab-
lished tribes, with Abrawayaomys sister to Akodontini, Chinchillula sister to Euneomyini, and Delomys sister to Phyl-

lotini (Fig 1).

Fossil calibrated phylogeny

The crown group of Cricetidae dated to 18.08 mya (15.11-21.64 mya 95% ClI) with all five subfamilies diverging by 17.24
mya (13.17-21.64 mya 95% CI). Sigmodontinae and predominantly Central American Tylomyinae were the last to diverge
(Fig 2). Within Sigmodontinae, the first split, between Oryzomyalia and Sigmodontalia, was recovered at 10.46 mya
(8.25-13.27 mya 95% ClI) with Oryzomyalia radiating nearly four million years later during the Late Miocene at 6.61 mya
(5.49-7.96 mya 95% ClI). The first split in Sigmodontalia was earlier than Oryzomyalia at 9.47 mya (7.33—-10.46 mya 95%
ClI), with the tribes Sigmodontini and Ichthyomyini diversifying well after (at 4.31 mya and 5.20 mya, respectively). The ini-
tial radiation in Oryzomyalia generated all 10 remaining tribes within ~825,000 years during the late Miocene (represented
by gray numbered circles; Fig 3) except for Phyllotini, which split from Delomys around 5.1 mya (3.96-6.59 mya 95% Cl,
gray circle seven; Fig 3).

Ancestral biogeographic reconstruction

The earliest node to be reconstructed as South American was the MRCA of Sigmodontinae around 10.46 mya in the
northernmost region “D”, followed by Sigmodontalia at 9.47 mya, and well before the later radiation of Oryzomyalia
at 6.61 mya (Fig 2a). The initial radiation of Oryzomyalia saw the first split between Oryzomyini, in the northernmost
region “D” (Fig 2a) or possibly regions “D/E” (e.g., western Amazonia, S2 Fig), and the rest of Oryzomyalia spreading
down the Central Andes (“H”; Figs 2 and 4A). This later group then crossed into the temperate Atlantic Forest and
grasslands (region “G”) twice (Figs 2b and 4A); once by the Reithrodontini-Akodontini clade about 6.35 mya (4.95—
7.96 mya 95% Cl) and then by the Wiedomyini-Abrotrichini-Delomys-Phyllotini clade around 5.89 mya, either once,
or twice in short succession (4.35-7.96 mya 95% CI). Over the next ~1.1 mya (4.67-5.77) no transitions between
regions occurred, with new lineages remaining in the same region as their ancestors, apart from Oryzomyini which
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between 75 - 89% UFBoot and 0.75-0.89 LPP are represented with a gray dot, and all nodes with less than 75% UFBoot and/ or 0.75 LPP are repre-
sented with a red dot. Taxonomic groups are labeled including all subfamilies of Cricetidae and all tribes of Sigmodontinae.

https://doi.org/10.1371/journal.pone.0317165.9001

expanded into the Amazon and Guianan tropical forest of region“E” during this period (Fig 4B). If ancestral Oryzo-
myalia had expanded into “E” earlier, then the early cluster in transitions would increase and the gap in transitions
after that would lengthen. Following this lull in transitions came a period in the Mid-Pliocene where all remaining
regions of South America were colonized, starting around 4.66 mya with the spread of Phyllotini into the dry regions
of central South America (“H” and “I”) and ending with the colonization of the Cerrado “F” by Oryzomyini 3.07 mya
(Fig 4C). This period also included the first evidence of colonization of Sigmodontinae back into Central and North
America by the cotton rat Sigmodon around 4.31 mya (3.24-5.73 mya 95% CI), a genus who’s 14 species primarily
occur today in North America, as well as the fish-eating rat Rheomys around 3.44 mya (2.48-4.76 mya 95% Cl),

a genus of four Central American species. After this Mid-Pliocene period, diversification within and across regions
of South America occurred continuously with multiple taxa moving into Central America, namely species in genera
Melanomys, Nephelomys, Oligoryzomys, Sigmodontomys, Tanyuromys, Transandinomys, Zygodontomys (all being
members of Oryzomyini), and Akodon, with two additional dispersals further into North America by Oryzomyini

(Casiomys and Oryzomys; Fig 2).
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Fig 2. Fossil calibrated maximum likelihood phylogeny generated with ancestral biogeographic reconstruction. Circles on nodes represent
highest probability assignment of ancestral range estimated using a full hierarchical Bayesian Binary MCMC (BBM) model in RASP. Branches colored
to match the map of coded regions. Taxonomic groups (tribes and subfamilies) are labeled and colored based on the MRCA of the group. Oryzomyini is
split into the four clades as described in Percequillo et al. [47] given the size of the tribe and the divergent ranges of the clades within the tribe. Panels
(a) and (b) highlight the basal region of the phylogeny and the distal Thomasomyini-to-Phyllotini clade, respectively. The map was hand-drawn by Max
Bangs.

https://doi.org/10.1371/journal.pone.0317165.9002

Discussion

Sigmodontinae represents the largest subfamily of Neotropical mammals and the largest clade of mammals to participate
in the Great American Biotic Interchange [6,65], an event that shaped communities throughout the Americas to their mod-
ern composition. The subfamily represents one of the most recent continental scale radiations in mammals and provides
an opportunity to understand the processes that modelled through time and space a continental radiation, in comparison
to more frequently studied island radiations. While in the recent past, reconstructing continental radiations was challenging
given the scale and complexity of these radiations, the advancements of next generation sequencing and paleoclimatic
reconstructions, allied to adequate samples in museums and collections, provide an opportunity to finally disentangle
these complexities and reconstruct challenging histories.

Here we present a highly supported genomic phylogeny using>83% of all genera and ~ 40% of the>500 species
described to date, resolving the relationships among tribes, placing all incertae sedis taxa, and reconstructing the
sequence of dispersals and lineage generation across South America. Below we discuss what this reconstruction means

PLOS One | https://doi.org/10.1371/journal.pone.0317165 November 4, 2025 9/25



https://doi.org/10.1371/journal.pone.0317165.g002

PLO\Sﬁ\\.- One

A - Eurasia

B — North America Late Mi.ocene Mid-Pliocene 200
C Cooling Faunal Turnover
(7.0 — 5.4 Ma) (4.5-3.3 Ma) HI=>1
- 100
50

g
o0
I
20 2
=
S
=
5
Fr10 2
£
=
Z

5

2

Rising of the Central Andes (10.3 — 6.8 Ma)
Opening of terrestrial conditions in Western
Amazon (~7 Ma)
T T T T T T T T T T T T T T T T T 1

10 95 9 85 8 75 7 65 6 55 5 45 4 35 3 25 2 1.5 1
Million Years Ago

Fig 3. Lineage through time plot of Oryzomyalia starting at the origin of the clade (10.46 mya) to 1.0 mya before present. Origin of the crown
groups for tribal-level clades are labeled with numbered circles (1=0ryzomyini, 2=Thomasomyini, 3 =Reithrodontini and Akodontini, 4 =Andinomyini,
5=Euneomyini and Chinchillulini, 6 =Abrotrichini and Wiedomyini, and 7 =Delomyini and Phyllotini). First transitions into new regions in the ancestral
biogeographic reconstruction (Fig 2) are labeled on the plot with gray arrows; map of regions included for reference. Time periods for geological and
biological events discussed in the text are indicated by gray background. The map was hand-drawn by Max Bangs.

https://doi.org/10.1371/journal.pone.0317165.9003

in light of prior phylogenetic work and the changing landscape of South America in order to understand potential role of
changing climatic, biologic, and geologic conditions.

Comparison to prior phylogenies

The radiation of Sigmodontinae has been challenging due to short internode distances at the base of the Oryzomyalia (the
clade responsible for generating most of the diversity in the South American radiation), resulting in 14 different reconstruc-
tions among the tribes since 2012 [10-13,15,31,34-37,40,41]. Parada et al. [15] showed that the use of next generation
sequencing can resolve these nodes, producing the first high support for the relationships among the tribes of Oryzo-
myalia. While their taxonomic sampling (53 species in 36 genera) was sufficient to clarify some of the most important phy-
logenetic questions, some geographically critical taxa were missing and therefore precluded an investigation of changes in
diversification and transitions over landscapes. Vallejos-Garrido et al. [35] were able to include many of the critical missing
species in Sigmodontalia by combining the Parada et al. [15] data set with other published single-gene sequences from
Sanger sequencing. In contrast, the phylogeny generated here, while congruent with Parada et al. [15], captures nearly

all early nodes in the first two-thirds of the radiation (e.g., Miocene and Pliocene), and with many more genes for most
remaining species than in Vallejos-Garrido et al. [35]. While there are still many species missing in this phylogeny, nearly
all of these represent branches within genera that originated in the last two million years. Thus, this phylogeny allows for
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https://doi.org/10.1371/journal.pone.0317165.9g004

PLOS One | https://doi.org/10.1371/journal.pone.0317165 November 4, 2025

11725


https://doi.org/10.1371/journal.pone.0317165.g004

PLO\Sﬁ\\.- One

a comprehensive evaluation of the timing and transitions of the South American radiation throughout much of the early
phases of lineage generation discussed below.

This phylogeny also provides a framework for an update to the systematics of the subfamily that was not previously
possible and whereas a thorough discussion of all updates to the systematics is outside the scope of this work, we do feel a
discussion of major changes in tribal systematics is warranted, particularly in regard to incertae sedis taxa that have not pre-
viously been sampled in prior molecular phylogenies. Therefore, we provide a revised classification based on the consensus
of published molecular phylogenies with the new phylogeny presented here, along with a discussion of these decisions.

Migration into South America

The subfamily Sigmodontinae belongs to a larger clade of New World mice and rats that also includes the largely North
American subfamily Neotominae and the largely Central American subfamily Tylomyinae, the latter to which the predom-
inantly South American Sigmodontinae is sister (Fig 1). While most species in Sigmodontinae occur in South America,
with the largest clade Oryzomyalia having a well-established South American origin, the subfamily as a whole has been
often thought of having a Central or North American origin due to the earliest apparent sigmodontine fossils being located
hypothesized Central or North American origin [13]. Steppan et al. [7] suggested that three parallel colonization events
into South America occurred, with one being the cause of the rapid radiation in Oryzomyalia, most similar to the earlier
model of Marshall [22]. In contrast, our reconstruction suggests the more parsimonious explanation of a single South
American invasion by Sigmodontinae, with the crown group reconstructed in northern South America during the late
Miocene (Fig 2). This change in reconstruction is due to the recovery of Sigmodontalia also as South American, sister to
a previously recognized South American radiation of Oryzomyalia. The driving factor for the difference in reconstructed
distributions is that this study is the first to include all basal branches of Sigmodontalia, including previously unsampled
South American Ichthyomyini and South American forms of the genus Sigmodon (but also see Salazar-Bravo et al. [68]
who thoroughly sampled Ichthyomyini). Most previous studies across Sigmodontinae have included only two or three
genera of Sigmodontalia and fewer than five species with a bias of sampling North and Central American species. This
bias is an issue in Ichthyomyini where 13 of the 17 species occur in South America yet most studies have utilized the only
Central American lineages (e.g., [9,11,13,40]). Although Vallejos-Garrido et al. [35] included South American species of
Sigmodon, they lacked the critical South American Ichthyomyini species, and as a result their reconstruction of the MRCA
of Sigmodontinae was uncertain regarding continent or origin.

An important rationale for a Central or North American origin of Sigmodontinae is that the oldest putative fossil, Pro-
sigmodon, occurred in Mexico [23,67]. However, this fossil is known from sediments with ages well after the origin of the
subfamily. The original description [67] referred to it as being from Late Hemphillian to Early Blancan, but without spe-
cific dates. A later review [69] placed these earliest fossils in the “Latest Hemphillian” strata, around 5.3—4.9 mya. Our
reconstruction can explain this fossil, because the improved dating of the deposits falls within the 95% CI estimate of the
transition of Sigmodon into North America (5.73-3.24 mya); thus, the presence of this fossil does not conflict with a South
American origin. The lack of Miocene fossils in Sigmodontinae also fits with our reconstruction, because the subfamily
would not have expanded into regions with adequate fossil bed formations (e.g., North America and southern South Amer-
ica) until the early Pliocene, around the time we first see fossils in both locations [70-73].

A single South American transition at the crown of Sigmodontinae challenges the long-standing notion of invasion as
a trigger for the radiation because our reconstruction indicates a nearly four-million-year gap between the colonization of
South America (10.46 mya; 8.25—-13.27 mya 95% CI) and the radiation of Oryzomyalia (6.61 mya; 5.49—7.96 mya 95%
CI). If not due to recent invasion of a new continent, why was there a dramatic increase in lineage creation and transition
rate in Sigmodontinae in the Late Miocene (i.e.,., what triggered the Oryzomyalia radiation)? A less parsimonious read-
ing of the reconstruction could be that as implied by Marshall [22] and favored by Steppan et al. [7,9], there were several
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expansions into South America in parallel (although not necessarily simultaneously) followed by local extinction in Central
America. That local extinction might have not only removed descendants with a Central American distribution, it might also
have pruned stem-lineages from the Oryzomyalia clade, contributing to the relatively long stem branch. This scenario is
less likely if the three events were entirely independent, but more likely if they shared an underlying mechanism of pro-
pensity to disperse via island hoping combined with possible habitat change shrinking the northern distributional limits.

What sparked the Oryzomyalia radiation?

Based on our reconstruction, Oryzomyalia began radiating around 6.61 mya (95% CI 7.96-5.49 mya), going from a
single lineage to 12 in less than one million years (~850,000 years; 6.61-5.78 mya), resulting in most of the tribal
diversity for the group (Fig 2). This radiation coincides with the Late Miocene Cooling (7.0-5.4 mya) and the col-
lapse of the Pebas mega-wetland system (~6.8 mya) in Amazonia [43]. Recent climate simulations [42], paleo-pollen
surveys [74], and sediment analyses [43] suggest a decrease in aquatic habitats in northern South America (e.g.,
wetland and marshes replaced with forest and grasslands) and spread of montane and pre-montane forest in the
Northern Andes resulting in a connection with those in the Central Andes [43]. The Pebas mega-wetland separated
the northern proto-Andes from Amazonia and the Guianan region, potentially restricting early sigmodontines to a
north-western peninsula. Consequently, the ecological opportunity presented by the continent of South America
(sensu Schenk et al. [9]) may not have been accessed until the collapse of the Pebas system, delaying the burst of
diversification from the initial colonization. In general, while there was an increase in aridity in South America during
the Late Miocene Cooling, resulting in spread of grasslands especially in the northern lowlands and the southern lati-
tudes [42], regions where the clade radiated correspond to areas of increased precipitation (orographic rains brought
by SE trade winds, based on deposits on the slopes of Serra do Mar in along the southern coast of Brazil and the
southern Andes) and forest expansion [43]. This suggests that these early temperate, tropical and subtropical forests
of the region “G” (Fig 2) and of the montane and pre-montane forests on the eastern slopes of the Central Andes (“H”
Fig 2) played a key role in early diversification of the group.

Our estimate for the arrival of sigmodontines into the more temperate habitats of region “G” around 6.35 mya is con-
sistent with a revised time scale of the fossil record for this region. Prevosti et al. [75] date the earliest South American
cricetid fossil (unidentified Sigmodontinae) from the Cerro Azul Formation (upper Huayquerian) of Buenos Aires Province
to 6.935-5.464 mya (median age 6.192 mya). This still leaves the often-noted absence of fossils during the 4 My gap
between first colonization implied by molecular estimates and the earliest South American fossils, but if the early lineages
were associated with lowland forests and cloud forests along the Andes (region “D”), then an absence of fossils is not
wholly unexpected.

Alternatively, the spread of grasslands during Late Miocene could have played a role in the initial radiation; however,
this does not explain the more than three-million-year lag between first colonization in the north and the reconstructed
dispersal into the southern regions (e.g., region “G”), which were dominated by grasslands at the time [42] as they still are
today. Instead, the reconstruction suggests the existence of a corridor of montane and temperature forest connecting the
Central Andes to southeastern portion of South America during the Late Miocene, leading to the origin and diversification
of most of the initial tribes in Oryzomyalia, with later colonizations of the rest of the continent during the Mid-Pliocene.

Similar timing of diversification has been observed in other South American fauna and flora, particularly those endemic
to cloud forests. Recently, phylogenetic studies of taxa associated with cloud forests have found that the late-Miocene was
an important time for early radiations across the continent, connecting the mid-montane Brazilian Highlands (in region “G”)
with that of the North and Central Andean (regions “D” and “H” respectively). This included cloud forest endemic palms
(Geonoma [76]), hummingbirds (Anelomyia, [77]), and other flowering plants (e.g., Macrocarpaea, [78]). The gentian
genus Macrocarpaea shows the most striking similarity to the timing and location of the early radiation in Oryzomyalia,
but in reverse, going from a single lineage in the Brazilian Highlands to the Central Andes and then radiating into five
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new lineages in a period of ~1 million years starting ~7.2 mya. However, unlike Sigmodontinae, these species remained
endemic to South and Central American cloud forest.

The importance of cloud forest early in the evolution of Sigmodontinae can also be seen in the sister subfamily
Tylomyinae that is largely endemic to the cloud forest remnants of Central America. Based on paleo-pollen and phy-
logenetic studies, these Mesoamerican cloud forests were present in Central American as early as 20 mya and far
more abundant across Central America in the Miocene and Pliocene [79—-81]. Looking at the paleoclimatic conditions
during the timing of the split of Sigmodontinae and Tylomyinae in Central America around 17.24 mya (13.17-21.64
mya 95% Cl), we see that cloud forests were abundant in the landscape of Central America as well as emergent in
Northern South America, but cut off from the rest of South America until the late Miocene uplift of the Central Andes.
That coincided with cooling and increased precipitation of the period leading to range expansion of cloud forests that
later receded in the Pliocene and Pleistocene [42,43,82]. Therefore, our reconstruction coupled with paleoclimatic
reconstructions of Miocene and Pliocene Central and South America, as well as similar timing of phylogenetic radia-
tions of cloud forest endemics, suggests that cloud forests played a prominent role in the radiation of Sigmodontinae.
This leads to the question, what sparked the spread of this group throughout South American in the latter Pliocene in
contrast to their Central American relatives that remained largely endemic to cloud forest as the forests receded in the
latter ages?

Mid-Pliocene diversification

At the start of the Pliocene (5.33 mya), most of the tribes of Sigmodontinae had arisen but were constrained to
either northern South America (“D”/ “DE”; Sigmodontini, Ichthyomyini, and Oryzomyini), the Central Andes (“H”;
Thomasomyini, Chinchillula, Euneomyini, and Andinomyini), or Southeastern Atlantic (“G”, Akodontini, Reithrodon-
tini, Wiedomyini, Abrotrichini, and Delomys + Phyllotini), presumably largely in cool moist forests that dominated
these regions at the time. It was not until the Mid-Pliocene (4.66—3.07 mya) that sigmodontines spread across all
the remaining regions of the continent, including nearly all of the diverse South American ecosystems harboring
these rodents today, from lowland deserts to the highest elevation for any mammal [83], and from lush rain forest to
vast grasslands. This expansion often occurred with a single lineage spreading into a new region followed by small
bursts of diversification in these groups throughout this time frame (4.66—3.07 mya). For example, Phyllotini spread
to the open semi-arid and arid areas of the Dry Chaco and Central Andes (“H/I”) 4.66 mya (95% CI| 5.97-3.94 mya)
and radiated from one to eight lineages over the next million years (Fig 2). Similarly, Oryzomyini had several radia-
tions after spreading into new regions, e.g., the origin of “Clade D” around 3.60 mya (95% CI| 4.69-2.77 mya) after
a spread into the Southeastern Atlantic regions (“G” and “F”) resulting in six lineages from one in ~600,000 years
(Fig 2). The timing of these and other diversifications centered in lowland areas is consistent with the observation of
Parada et al. [10] that speciation rates across the tree were highest in low elevations (regions “E”, “F”, and “H”) than
intermediate or higher elevations.

During the Mid-Pliocene, these bursts resulted in an increase in both lineage diversification rate, as measured by
the number of new lineages per branch per million years, and lineage transition rate, as measured by the number
of new regions occupied per branch per million years (Fig. 4C). For example, the average lineage diversification
rate (0.91 new lineages per branch per million years) during this time (4.66—3.07 mya) was higher than the period
between the initial radiation (5.77—4.67 mya; 0.71 new lineages per branch per million years) and after the Mid-
Pliocene burst (3.06—2.00 mya; 0.44 new lineages per branch per million years). Similarly, the transition rate was
more than double during this time compared to the periods before and after (0.23 versus 0.06 and 0.10 respectively).
While neither of these metrics were as high as during the initial Miocene radiation (6.61-5.78; 7.23 new lineages per
branch per million years and 1.81 transition per lineage per branch per million years), the Mid-Pliocene still reveals
a second set of radiation and expansion events. (Fig 4). Schenk and Steppan [13] identified the correlation of these
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two aspects, with a strong peak at the base of Oryzomyalia, but with less clear support for the mid-Pliocene peak
discovered here. Results from Vallejos-Garrido et al. [35] also indicate increased among-region dispersal rates
during this same period for most of their biogeographic regions. We suspect the greater distinctness of the second
set of bursts seen here is a consequence of improved estimates of relative ages for nodes and a more accurate
geographic reconstruction because of the different and better supported topology. Nearly every biogeographic recon-
struction in recent years has also employed different regionalization schemes, making it more difficult to compare
results, as was noted by Vallejos-Garrido et al. [35].

During the Mid-Pliocene (4.66—3.07 mya), sigmodontines spread throughout the continent with the Oryzomyini spread-
ing through the eastern regions and the rest of Oryzomyalia spreading through the southern and western regions (Fig 4C).
This time period coincided with high extinction of South American mammails in a period known as the Mid-Pliocene Faunal
Turnover in which more than half of all mammalian species became extinct (4.5 mya — 3.3 mya [84]). Shifting climates
throughout the continent resulted in changes in seasonal rainfall in the Central Andes and Amazon. The consequence was
a further decline of wetland habitats [44] and increasing aridity in the southern regions (particularity “F”, “I”, “J”, and south-
ern and eastern parts of “H”) resulting in expanding grasslands [42]. The decline of mammalian competitors and predators
coupled with muroid rodents’ high reproductive rate and ability to survive in these new habitats likely contributed to this
Mid-Pliocene burst and the continental range of the group today. This insight changes the narrative from one of initial burst
and rapid spread throughout the continent to one of episodic expansions and radiations, taking advantage of changing
climate, flora, and fauna.

There remains uncertainty regarding the precise reconstruction of several nodes, such as ancestral Oryzomyalia and
in basal Oryzomyini because of a rapid sequence of subsequent transitions (S2 Fig). However, likely alternative transition
scenarios typically shift a hypothesized transition to a short adjacent branch, and the temporal clustering of geographic
transitions early in Oryzomyalia history and another later in the Mid-Pliocene are robust.

Systematics of tribes and placement of incertae sedis lineages

Currently, 13 tribes are generally recognized in the subfamily Sigmodontinae, namely Sigmodontini [85], Akodon-
tini, Ichthyomyini [86], Oryzomyini, Phyllotini [87], Thomasomyini [88], Wiedomyini [25], Abrotrichini [89], Euneo-
myini [90], Andinomyini [91], Reithrodontini [92], Neomicroxini [45], and Rhagomyini [93]. All polytypic tribes were
recovered here as monophyletic. The monophyly of these tribes has similarly been confirmed with other large
taxon sampling, multi-gene phylogenies [13] as well as recent genomic studies employing smaller taxonomic
sampling [15,47] and a combined-data analysis [35]. However, three genera (Chinchillula, Abrawayaomys, and
Delomys) remained incertae sedis in past studies due to not being sampled in the multi-locus studies or low sup-
port values for the placement of the genera. Below we discuss the assignment of the three incertae sedis taxa
and provide brief justification of updates in their tribal placement in order to resolve the tribal systematics of the
subfamily.

The Linnean rank of a clade is an arbitrary decision as long as doing so conforms to several rules and guidelines
(e.g., [94]). Such decisions then are best evaluated on the information conveyed by the rank and the utility to system-
atists. The decision often is a tradeoff between providing grouping information (lumping) versus recognizing distinc-
tiveness, whether phenotypic or temporal (splitting). More inclusive taxa contain more variation, and therefore can be
more difficult to define phenotypically, eroding the phenotypic information communicated. Less inclusive taxa neces-
sarily contain less grouping information, and a proliferation of names can devalue the utility of each. In addition, some
clades are of such scientific interest that they are frequently referred to, and having a name simplifies communication.
As an example, the rank-less clade Oryzomyalia was named by Steppan et al. [7] because it contained a large pro-
portion of sigmodontine diversity, was separated from its sister group by a relatively long period of independence, and
the base of which involved a rapid diversification, making it of particular scientific interest, but for which no succinct
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morphological diagnosis was yet available. Providing a name has proved useful to communication. In the following
recommendations and accompanying classification for the subfamily, we strive to maximize grouping information,
avoid taxonomic inflation, retain common usage where possible to maintain stability, but still recognize distinctness.
Pardifas et al. [93] recommended erecting several tribes for single but morphologically distinctive genera. In some
cases, we agree, in others we concluded that distinctness was overemphasized and thus information was eroded, but
in no case were any of their recommendations incorrect.

All three incertae sedis genera were recovered outside of established tribes, with Chinchillula sister to Euneomyini,
Abrawayaomys sister to Akodontini, and Delomys sister to Phyllotini. In all cases the support for these arrangements was
high (> 95% bootstrap support and 0.95 LPP), providing confidence in their placement. Thus, a discussion of whether to
expand the breadth of the established tribes or providing new tribal placement is warranted.

Genus Chinchillula

Chinchillula and members of Euneomyini, to which it is sister, share many morphological characteristics, such as
dense and lax pelage, long incisive foramina, and simplified terraced molars. However, many of these character-
istics are shared with other Andean species (e.g., Andinomyini and Phyllotini), likely convergent traits to herbivory
and high montane open habitats, that previously resulted in their placement within the more inclusive concept of
the tribe “Phyllotini” (e.g., [25,26,95-97]), that is now known to be polyphyletic [7,90,91,98]. Recent molecular
reevaluation on the contents of the tribe Phyllotini based on few genes [90,91], resulted in the description of two
new tribes, namely Euneomyini and Andinomyini, that are supported by the shared molar complexity within each
of these groups, as well as the redefinition of a less inclusive concept of the tribe Phyllotini ( [90,91]; genomic data
here presented supported this decision). Chinchillula presents a unique color coat pattern within sigmodontines,
as well as highly specialized molar complexity that, if anything, resembles that of Andinomyini rather than Euneo-
myini [99], in contrast to the molecular phylogeny. Steppan [26] regarded Chinchillula as a Phyllotini sedis muta-
bilis, emphasizing the uncertain affiliation of this genus to Auliscomys (presently deeply nested within Phyllotini)
and Andinomys (member of tribe Andinomyini). Fabre et al. [100] assigned the genus to its own tribe, but without
explanation nor definition, making it a nomen nudum. The unique morphology, coupled with the early split from
Euneomyini (5.95 mya) and long branch separating them from Euneomyini, leads us to suggest a separate tribe
consisting of a single species Chinchillula sahamae.

Tribe Chinchillulini, new tribe

Type genus: Chinchillula Thomas, 1898

Contents: Chinchillula Thomas, 1898

Definition: this new tribe of subfamily Sigmodontinae is a member of a clade containing the tribes Andinomyini, Euneo-
myini, Wiedomyini, Abrotrichini, Delomys and Phyllotini. Chinchillulini is sister to the tribe Euneomyini, a relationship with
high support on the genomic analysis here presented.

Diagnosis: as a monotypic tribe, Chinchillulini is diagnosed by the unique and highly distinct combination of traits
previously noted for the genus [101,102], as follows: unique pelage color pattern, with distinct white patches on the
muzzle, neck, anterior surface of legs and rump, that are prolongations of the predominantly white ventral region; dark
band-shaped patches present on the rump; pelage very long, dense and lax; very long pinnae, with distinct tuft of
white hairs on its basal portion; mystacial vibrissae very long and dense; superciliary and genal vibrissae present; eye
ring fine and dark; manus and pes densely covered by white/silvery hairs, digits with long and dense ungueal tufts; tail
much shorter than head and body length (30-50%), with a light brown stripe on the dorsal portion; skull very robust,
with broad rostrum, not inflated frontal sinuses; nasals broad tapering posteriorly; interorbital region long and narrow,
convergent posteriorly, with squared or rounded supraorbital margins; interfrontal fontanelles absent; fronto-parietal
suture V-shaped, narrow; interparietal robust, trapezoidal; alisphenoid strut variably present, buccinator-masticatory
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foramen and accessory oval foramen separated or confluent; anterior opening of the alisphenoid canal open; stapedial
foramen, squamoso-alisphenoid groove and sphenofrontal foramen present; posterior opening of alisphenoid canal
large and conspicuous, with deep posterior groove or depression; secondary anastomosis of internal carotid artery not
visible on dorsal surface of parapterygoid plate; parapterygoid fossa deep; incisive foramina very wide and very long
extending to the anterocones of M1; mesopterygoid fossa wide, equal or narrower to parapterygoid fossae; mesopter-
ygoid fossa extending anteriorly to maxillaries, but not reaching alveolus of molars; anterior margin squared; palate
without deep groves or fossa; mandible with long and narrow condylar process; upper incisors very broad and quite
robust, with distinctive orange enamel band; orthodont; maxillary toothrows parallel or slightly convergent anteriorly;
labial and lingual flexi of upper molars not penetrating at molar midline; molar series with well-developed coronal hyp-
sodonty and plane occlusal surface; lingual cusps in subadults slightly anterior to the labial cusps; molars trilophodont,
very simplified, with very deep and wide labial and lingual flexi, without labial and lingual cingula or styles, mandible
with long and narrow condylar process, vertebral formula 13 thoracic, 6 lumbar and between 24-29 caudal vertebrae
(see [26,39,96], for additional traits).

Known collection localities: Pacheco et al. [101] identified nearly 50 localities in Bolivia, Chile and Peru, from Junin
Department in the north to Tarapaca in the south, and ranging in elevation from 3,550 m to 5,100 m. Salazar-Bravo [103]
noted that Hershkovitz [96] mapped the locality of Sumbay, Arequipa, at about 2,000 m, likely an error, as there are no
known records of this species below 3,550 m ( [104] indicates ca. 4,000 m as the elevation of Sumbay). A closer inspec-
tion of Hershkovitz's ([96]: fig. 117) map shows that localities (3) Arequipa and (4) Sumbay, are not only misplaced, but
should be reversed. Additionally, the lowest elevation from Cordillera de Sicuani, Cusco, at 3,550 m, is almost 400 m of
elevation lower than all known records [101] and should be confirmed.

A life science identifier (LSID) number was obtained for the new taxon Chinchillulini: urn:Isid:zoobank.
org:act:B5D9FFB3-94B2-44E1-856F-18078A4F180E

Genus Abrawayaomys

Abrawayaomys has been difficult to place given limited voucher material and the fact that it shares many characteristics
with thomasomyines, particularity with Rhagomys (especially on molar topography, as discussed by Percequillo et al.
[105]) as well as several cranial characteristics similar to those exhibited by the members of tribe Akodontini (see Pardifias
et al. [106] and Percequillo et al. [105]). This has led to the tentative placement with Thomasomyini, but strong conver-
gence with Akodontini was assumed due to similar diets and ranges [106]. As pointed out by Percequillo et al. [105], both
morphological and molecular phylogenies have been conflicting and with low support, leading to uncertainty as to which
characters represent synapomorphies versus homoplasy. Here we find strong support for the sister-taxon relationship of
Abrawayaomys with Akodontini and argue that the shared characters of “inflated frontal sinuses, hour glass shaped inter-
orbital region with a broad interorbital constriction, U-shaped coronal suture, and some traits of the simplified molar occlu-
sal pattern” ( [106]: pg. 58), as well as the large postglenoid foramen and subsquamosal fenestra, small posterolateral
palatal pits and the tegmen tympani overlapped to the posterior suspensory process of squamosal, recognized by Perce-
quillo et al. [105], represent synapomorphies. Therefore, we suggest the inclusion of the genus Abrawayaomys within the
concept of tribe Akodontini, based on the genomic evidence, shared morphological features, and overlap in biogeography.

Tribe Akodontini

New contents: Abrawayaomys Cunha and Cruz, 1979; Akodon Meyen, 1833; Bibimys Massoia, 1979; Blarinomys
Thomas, 1896; Brucepattersonius Hershkovitz, 1998; Deltamys Thomas, 1917; Gyldenstolpia, Pardifias et al., 2009; Jus-
celinomys Moojen, 1965; Kunsia Hershkovitz, 1966; Lenoxus Thomas, 1909; Necromys Ameghino, 1889; Oxymycterus
Waterhouse, 1837; Podoxymys Anthony, 1929; Scapteromys Waterhouse, 1837; Thalpomys Thomas, 1916; Thaptomys
Thomas, 1916.
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Genus Delomys

Delomys was monophyletic and represents the most recent divergence of any of the incertae sedis taxa, splitting from
Phyllotini around 5.1 mya. Delomys split from Phyllotini before the latter radiated into the open and often arid areas of
South America at the start of the Mid-Pliocene Faunal Turnover. This left Delomys in the Brazilian Atlantic Forest while
phyllotines adapted to these new open and arid environments, developing morphological traits related to these new
environments, some of which were unique to the tribe while others converged with other Andean tribes (e.g., Euneo-
myini, Andinomyini, and Chinchillulini). Additionally, Delomys presents a unique combination of morphological features
including the presence of low-crowned molars with well-developed lophs, wide interorbital regions, and short palate with
short incisive foramina, among other characteristics [107,108]. This genus has never been associated with Phyllotini
taxonomically and including it within the tribe would greatly diminish any morphological construct for the tribe. Therefore,
we agree with Pardifias et al. [93] that Delomys is better suited for a separate tribal designation, rather than being folded
into Phyllotini.

Tribe Delomyini, new tribe

Type genus: Delomys Thomas, 1917

Contents: Delomys altimontanus Gongalves and Oliveira, 2014; Delomys dorsalis (Hensel, 1872); Delomys sublineatus
(Thomas, 1903).

Definition: this new tribe of subfamily Sigmodontinae is nested within a clade containing the tribes Andinomyini, Euneo-
myini, Wiedomyini, Abrotrichini, and Phyllotini. Delomyini is sister to the tribe Phyllotini, a relationship with high support on
the genomic analysis here presented.

Diagnosis: this tribe is diagnosed by the unique combination of: a unique pelage color pattern for the subfamily,
with a dark median stripe on dorsal region (darker in D. sublineatus, more subtle in D. altimontanus and D. dorsa-
lis); pelage harsh to dense; mystacial vibrissae long and moderately dense; manus and pes densely covered by
white hairs, digits with short ungueal tufts; tail similar to head and body length, moderately to strongly bicolored
dorsoventrally; skull robust, with long and narrow rostrum, with distinct rostral tube, frontal sinuses not inflated;
interorbital region short and wide, hourglass shaped, with rounded supraorbital margins; fronto-parietal suture wide,
concave; interparietal small; alisphenoid strut absent, buccinator-masticatory foramen and accessory oval foramen
confluent; anterior opening of the alisphenoid canal open; stapedial foramen, squamoso-alisphenoid groove and
sphenofrontal foramen present; posterior opening of alisphenoid canal large and conspicuous, with deep posterior
groove or depression; secondary anastomosis of internal carotid artery not visible on dorsal surface of parapterygoid
plate; incisive foramina very wide and long, not extending to the anterocones of M1; mesopterygoid fossa equal to
parapterygoid fossae; mesopterygoid fossa extending anteriorly to maxillaries, reaching alveolus of molars; ante-
rior margin squared or rounded; upper incisors narrow, with distinctive orange enamel band; opisthodont; maxillary
toothrows parallel; labial and lingual flexi of upper molars penetrating at molar midline; molar series bunodont and
lophodont; lingual cusps parallel to the labial cusps; molars pentalophodont, complex, with deep labial and lingual
flexi, with labial and lingual cingula or styles; first upper molar with deep anteromedian flexus, 13 thoracic and 6 lum-
bar vertebrae (see [107,108] for additional information).

Known collection localities: the genus is widely distributed along the Atlantic Forest, occurring from the Brazilian state of Espirito
Santo to the Argentinean province of Misiones, from sea level to mountain regions around 2,500 m of elevation [108,109].

A life science identifier (LSID) number was obtained for the new taxon Delomyini: urn:lsid:zoobank.
org:act: CCCB7E29-7A8B-4D80-AC19-F826B20451FD

Revised Classification

Here we integrate our results and recommendations in a revision of the classification for the subfamily (Table 1).
Higher taxa are ordered by the tree in Fig 1 and genera are ordered alphabetically within their containing clades.
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Table 1. Arevised and comprehensive classification of the extant Sigmodontinae.

Higher Taxon

Tribe

Subtribe/clade

Genera

Sigmodontalia

Sigmodontini

Sigmodon

Ichthyomyini

Anotomyina

Anotomys

Ichthyomyina

Chibchanomys

Daptomys

Ichthyomys

Neusticomys

Rheomys

Oryzomyalia

Oryzomyini

Clade A1

Zygodontomys

Clade A2

Scolomys

Clade B

Euryoryzomys

Handleyomys

Hylaeamys

Mindomys

Nephelomys

Oecomys

Pattonimus

Transandinomys

Clade C

Microryzomys

Neacomys

Oligoryzomys

Oreoryzomys

Clade D

Aegialomys

Amphinectomys

Cerradomys

Drymoreomys

Eremoryzomys

Holochilus

Lundomys

Melanomys

Microakodonto-
mys

Nectomys

Nesoryzomys

Oryzomys

Pseudoryzomys

Sigmodontomys

Sooretamys

Tanyuromys

Rhagomyini

Rhagomys

Thomasomyini

Aepeomys

Chilomys

Rhipidomys

Thomasomys

Reithrodontini

Reithrodon

Akodontini

Abrawayaomys

(Continued)

PLOS One | https://doi.org/10.1371/journal.pone.0317165 November 4, 2025




PLO\SNé- One

Table 1. (Continued)

Higher Taxon

Tribe

Subtribe/clade

Genera

Akodon

Bibimys

Blarinomys

Brucepatterso-
nius

Castoria

Deltamys

Gyldenstolpia

Juscelinomys

Kunsia

Lenoxus

Necromys

Oxymycterus

Podoxymys

Scapteromys

Thalpomys

Thaptomys

Andinomyini

Andinomys

Punomys

Chinchillulini nov. tax.

Chinchillula

Euneomyini

Euneomys

Irenomys

Neotomys

Neomicroxini

Neomicroxus

Wiedomyini

Juliomys

Phaenomys

Wiedomys

Wilfredomys

Abrothrichini

Abrothrix

Chelemys

Geoxus

Notiomys

Paynomys

Pearsonomys

Delomyini nov. tax.

Delomys

Phyllotini

Andalgalomys

Auliscomys

Calassomys

Calomys

Eligmodontia

Galenomys

Graomys

Loxodontomys

Phyllotis

Salinomys

Tapecomys

https://doi.org/10.137 1/journal.pone.0317165.t001
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Supporting information

S1 Fig. Fossil calibrated phylogeny generated using full maximum likelihood in MEGA with dates labeled. Red
diamonds represent calibration points. Bars represent 95% credibility intervals.
(EPS)

S2 Fig. Fossil calibrated maximum likelihood phylogeny generated with ancestral biogeographic reconstruction.
Pie-chart rings on nodes represent posterior probabilities of all ancestral range states as estimated using a full hierarchi-
cal Bayesian Binary MCMC (BBM) model in RASP [63].

(EPS)

S1 Table. List of samples used, including subfamily and tribal classification, museum voucher

number, and biogeographic regions. Samples from Bangs and Steppan 2022 and Percequillo et al. 2021

are indicated as well. The column labeled “Museum Code/Sample Name/GB Accession” lists museum

voucher number, collector number, or Genbank accession number, as appropriate. Some museum voucher num-
bers are in parentheses following collector numbers when the collector numbers have been used in past publica-
tions (in order to facilitate comparisons across published studies) and those collector numbers are referenced in
the figures. Collector codes “PY”, “UP”, and “EPU” are samples provided by Ulyses F. Pardifias, “JSB” by Jorge
Salazar Bravo.

(XLSX)
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