Quaternary sigmodontines (Mammalia, Rodentia) from Serra da Bodoquena, Mato Grosso do Sul, Brazil
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Abstract
Sigmodontine rodents are extremely diversified in the Neotropics but their fossil record remains generally poorly known, especially in Brazil. Here, we examine the assemblage of sigmodontines from the limestone cave Nossa Senhora Aparecida (21°5'27.89"S 56°34'28.77"W), located in Serra da Bodoquena (Mato Grosso do Sul), a karstic region in southwestern Brazil. We describe cranial and dental fragments and recognize the presence of some new species not previously recorded for the region, as Bibimys sp., Graomys cf. G. chacoensis, Thalpomys lasiotis, and Pseudoryzomys simplex. This fossil assemblage is comparable to others fossil sites in Brazil, such as those from Goiás and Rio Grande do Sul, with predominance of species from open areas, including grasslands, and some of forested environments from Cerrado landscapes.
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[bookmark: _Toc21038983]Introduction
[bookmark: _Hlk25500872][bookmark: _Hlk25569516][bookmark: _Hlk25500919][bookmark: _GoBack11111111][bookmark: _Hlk25569433][bookmark: _Hlk25500981]	Rodents of the subfamily Sigmodontinae (Mammalia, Cricetidae) are one of the most diverse groups among South American mammals, with at least 87 genera and 438 species (Patton et al. 2015, Pardiñas et al. 2017a, b). They are widely distributed in South America and extremely diversified, occupying different habitats (Hershkovitz 1962) and showing many different dietary and locomotion adaptations (e.g., Rivas et al. 2010, Coutinho et al. 2013, Carrizo et al. 2014, Coutinho and Oliveira 2017, Missagia and Perini 2018). Recently, the knowledge about the group has increased (D’Elía et al. 2019), with the description of new tribes (e.g., Pardiñas et al. 2015, Salazar-Bravo et al. 2016), new species and genera (e.g., Percequillo et al. 2011, Pardinãs et al. 2014, Christoff et al. 2016, Peçanha et al. 2019), taxonomic revisions (e.g., Costa et al. 2011, Rocha et al. 2012, Chiquito et al. 2014, Weksler et al. 2017), geographic distribution extensions (e.g., Delciellos et al. 2015, Grazzini et al. 2015, Maestri et al. 2015), phylogenies (e.g., Salazar-Bravo et al. 2013, Teta et al. 2017, Gonçalves et al. 2018), novel proposals and application on dentition nomenclature (e.g., Pires et al. 2016, Barbière et al. 2019), and extensive published data in other areas such as communities, morphology, geographic variation, evolution, and biogeography (e.g., Martínez and Di cola 2011, Leite et al. 2014, Stumpp et al. 2016, Maestri et al. 2017, Prado et al. 2018). However, the fossil record of the group is still relatively poorly known. The oldest Sigmodontinae known in South America is from the Pliocene of Argentina (Barbière et al. 2019), but the majority of the records are from the Pleistocene and Holocene (e.g., Pardiñas et al. 2002, Ortiz et al. 2011, Scheifler et al. 2012, Torres et al. 2015, Barbière et al. 2016). 
[bookmark: _Hlk25569912][bookmark: _Hlk25501134][bookmark: _Hlk25569967][bookmark: _Hlk25501353][bookmark: _Hlk25501329]In the XIX century, Peter Lund and Herluf Winge were pioneers in the study of fossil Sigmodontinae from Brazil (Winge 1887, Paula-Couto 1950). With hundreds of specimens collected in the limestone caves of Lagoa Santa (Minas Gerais), they recognized and described at least 27 still valid species (e.g., Massoia 1980, Voss and Myers 1991, Voss and Carleton 1993, Musser et al. 1998, Pardiñas and Teta 2013). In addition to Lagoa Santa, Sigmodontinae fossils have been reported from other Brazilian areas as Sítio Pilger, Sangão, Deobaldino Marques and Garivaldino (Rio Grande do Sul, RS hereafter) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018), Toca dos Ossos, Lapa dos Brejões , Gruta do Ioiô (Bahia, BA hereafter) (Oliveira and Lessa 1999, Castro et al. 2014), Serra da Capivara (Piauí, PI hereafter) (Neves et al. 2017), Abismo Iguatemi (São Paulo, SP hereafter) (Castro and Langer 2011), Gruta do Urso and Gruta dos Moura (Tocantins, TO hereafter) (Tobelem et al. 2013, Pires et al. 2018), Serra da Mesa (Goiás, GO hereafter) (Salles et al. 1999), and Serra da Bodoquena (Mato Grosso do Sul, MS hereafter) (Salles et al. 2006).
[bookmark: _Hlk25501452]The knowledge about the Cenozoic fossil fauna of the Brazilian state of Mato Grosso do Sul is still incipient, possibly more due to lack of studies than to the absence of fossil sites (Scheffler et al. 2010). Fossils from Serra da Bodoquena are one of the more expressive Quaternary faunas of the state (Salles et al. 2006, Scheffler et al. 2010). Salles et al. (2006) listed 74 mammal species for the region, both living and extinct, distributed in 30 different families and collected in three limestone caves. From this total, 24 were found exclusively in dry and submerged cave deposits, including megafauna elements as Pampatherium sp., Smilodon populator, Macrauchenia sp., and Stegomastodon sp. Part of this fauna was revised, including carnivores (Perini et al. 2009), tapirs (Perini et al. 2011) and peccaries (Parisi et al. 2017). Pansani et al. (2016) and Oliveira et al. (2017) provided additional records of Quaternary mammal fossils for the region in others caves. 
[bookmark: _Hlk25501561][bookmark: _Hlk25570909]Seven genera of sigmodontine rodents were recognized among the fossil remains of Serra da Bodoquena, five of which were also recorded as living for a total of nine genera known in the region (Salles et al. 2006). After Salles et al. (2006), however, no review or further survey of fossil sigmodontines was made in the region. In this paper, we examine the fossil assemblage of Sigmodontinae from Nossa Senhora Aparecida Cave, Serra da Bodoquena, Mato Grosso do Sul, describing new records for the Quaternary fauna of the region and for Brazil.
[bookmark: _Toc21038984][bookmark: _Hlk20173426]Geological Setting
Nossa Senhora Aparecida Cave (NSA hereafter, 21°5'27.89"S, 56°34'28.77"W) is located in the Serra da Bodoquena mountain ridge (Fig. 1), in a karstic area of significant cave density in the Municipality of Bonito, including the well-known Lago Azul and Abismo Anhumas (Sallun Filho et al. 2004). Serra da Bodoquena consists of pure limestones and dolostones of the Corumbá Group, of Ediacaran age, partially deformed in the Paraguay Mobile Belt (Pan-African-Brazilian tectonic event), during the formation of Gondwana (Alvarenga et al. 2009, Campanha et al. 2011). More detailed descriptions of the geology, geomorphology and phytogeography of the region can be found in Boggiani et al. (1999), Pott and Pott (2003), Salles et al. (2006) and Sallun Filho et al. (2004).
[Figure 1 near here]
NSA is a dry cave that contrasts with the huge caves in the area, which main systems are placed below the water table (under phreatic environments), emblematically illustrated by the Lago Azul Cave and Abismo Anhumas (Boggiani et al. 2009). NSA has an entrance about 5 m high and 50 m long with sunlight reaching nearly all portions of the cave. The cave has a single open gallery of about 400 x 300 m, with a slope connected to the main entrance, with stalactites spread all over the celling, loose blocks and a mud plain at the bottom floor, where the paleontological excavation took place (Fig. 2). No evidence of megafauna was found, but NSA is a relevant source of microvertebrate fossils associated to a paleontological scenario favoured by the accumulations of owl pellets. The NSA paleofauna of microvertebrates has, however, an extremely poor representation of fossil bats, possibly related to its sunlight exposure (no bat colony was observed there).
[Figure 2 near here]
[bookmark: _Hlk25501798]In a first effort to describe the revealed sedimentary package, it is here synthesized the main stratigraphic units recognized, described by the authors PO, LHSA and LOS. The revealed profile of 160 cm of depth is formed by distinct layers in a sequence pattern of carbonate crusts and sandy-clay sediments, some marked by breccia elements. At the bottom of the stratigraphic profile (Fig. 3) occurs a calcite crust 2 cm thick. Above this basal crust it is displaced a 48 cm thick layer of massive sandy-clay, and together they represent the lower package (160 - 110 cm) of the profile, recognized here as SU. 1. There is a discontinuity just above SU. 1, where it is observed a breccia package of about 55 cm thick, ranging from 110 to 55 cm of depth (SU. 2). It comprises pebbles and cobbles of limestone rocks in mud matrix, suggesting deposition per mass flow condition. There is an important vertebrate bone concentration level at the top of this unit. On the top of this basal breccia unit, deposited a sandy-clay layer (SU. 3), lying between 55 and 35 cm deep, with 20 cm thick. This layer is followed by a 15 cm thick unit composed of calcite crusts alternated by sandy-clay layers (SU. 4), suggesting cyclic events of sediment transport and calcite deposition originated from water circulation (vadose infiltration). The next stratigraphic unit (SU. 5) placed in the 20 - 15 cm interval is characterized by a second package of breccia, with the pebbles and charcoal fragments immerse in a mud matrix. The following unit is represented by another alternated package of calcite crusts and sandy-clay (SU. 6), also of 5 cm thick. The last unit (SU. 7), placed on the very top of this depositional column, constitutes of organic sand clay sediments with recent and subfossils immersed in it, indeed forming the cave floor of the NSA. In all stratigraphic units described here there were recovered samples of Sigmodontinae rodents, and most of the material comes from the upper units (SU.5, 6 and 7). The documented alternance of sandy-clay mud and calcite crust may well be related to detritus influx of flood scenarios followed by periods of more climatic stasis, thus mud was probably deposited in humid periods and calcite precipitated under drier conditions. Further investigations on paleoenvironmental and paleoclimatic scenarios associated to the sedimentary evolution of the NSA is part of an ongoing research project.
[Figure 3 near here]
[bookmark: _Toc21038985]Material and Methods
[bookmark: _Hlk25502163]The excavation area was about 4m2 and divided into quadrats of 1m2. Initially, samples were taken from the superficial organic layer (SU. 7) (Fig. 3), and then sediments were removed every 20cm. Samples of these sediments were screen-washed (mesh sizes: 10.0mm, 5.0mm, and 2.5mm) in order to reveal the presence of fossil fragments. The material recovered was stored in plastic bags. Unfortunately, some specimens (N = 20) have lost the tag with the stratigraphy information and cannot be allocated to any SU. All specimens were cleaned with needle and brush and analysed under a stereomicroscope. Taxonomic identification was based on dental and cranial structures using current literature, mentioned in the species description below, and direct comparisons with recent specimens from Museu Nacional (MN) /UFRJ. Nomenclature of species follows Patton et al. (2015) and Weksler et al. (2017) for Olygoryzomys mattogrosae. The terminology of rodent teeth follows Reig (1977). All examined material is deposited in the paleontological mammal-collection of the Department of Vertebrates (Mammalogy), Museu Nacional (MN) – UFRJ, Rio de Janeiro.
[bookmark: _Hlk25486894][bookmark: _Hlk20049789][bookmark: _Hlk20050102][bookmark: _Hlk20050143][bookmark: _Hlk25486926]Measurements (adapted from Myers and Carleton 1981, Musser et al. 1998) were made with a digital calliper, with precision of 0.02mm: width of zygomatic plate (WPZ); least inter-orbital constriction (IOC); length of incisive foramina (IF); length of upper molar row (LSM); length of upper molars M1, M2 and M3 (LM1, LM2, LM3); width of upper molars M1, M2 and M3 (WM1, WM2, WM3); length of mandible (HM), length of lower molar row (lsm); length of lower molars m1, m2 and m3 (lm1, lm2, lm3); width of lower molars m1, m2, m3 (wm1, wm2, wm3). Molar measurements were taken by coronal distance. All measurements obtained for the specimens of NSA are shown in the Appendix 1. For each taxon the number of identified specimens (NISP), being the sum of all the fragments (mandibles, maxillae and skulls) of a taxon, was calculated (Grayson 1973).
The Sigmodontinae from NSA can be considered as originating from barn-owls (Tyto furcata) pellets in a preliminary taphonomic analysis. The examined bone have some characteristic that permit infer an origin by owl pellets, as relatively complete skulls and low to moderate evidence of digestion (Andrews 1990, Fernandéz et al. 2017). The community structure is also consistent with this taphonomic origin, since is dominated by small sigmodontines that weight less than 200 g or juveniles of taxons with larger sizes. Barn-owls in Brazil generally eat small mammals weighing less than 200 g (Motta-Junior and Talamoni 1996, Motta-Junior 2006).
[bookmark: _Hlk25502305]Fifteen Sigmodontinae specimens from SU. 2 were sent for radiocarbon dating (AMS, accelerator mass spectrometer) and nitrogen stable isotopes (d15N) by Beta Analytic Laboratory. These specimens used for C14 analyzes were not catalogued, but were used to calculate the NISP values (9 Necromys, 3 Calomys and 3 Pseudoryzomys). However, the material did not provide enough collagen and no reliable results could be reported. Cave stratigraphic tends to be very complex, with different taphonomic origin of the fossils and different processes occurring along the time, as runoff (Auler et al. 2006, Hubbe et al. 2011). The sediments can be reworked by floods prior to deposition, which can result in chronological mixtures along the stratified sediments (Piló et al. 2005, Auler et al. 2006, Hubbe et al. 2011). Due to these facts, any chronological analysis of a fossil site and palaeoenvironmental interpretation should only be undertaken with caution and solid understanding of taphonomic processes along time (Auler et al. 2006). As we did not have age results from the dating analyses, and considering the complexity of depositional events in karstic caves, here we highlight the taxonomic identification of the NSA material and the possible significance of this assemblage in the paleoenvironmental context. New dating attempts will be made with other small mammals. As no evidence of megafauna was found in the NSA excavation, this assemblage may be treated as uncertain Quaternary age, for now.
[bookmark: _Toc21038986]Results 
[bookmark: _Hlk25487318]Twenty-one species were identified from 601 cranial remains (Table 1). Most of the specimens could only be identified at the genus level due to the absence of diagnostic elements in the skull or molars. The most abundant species along all stratigraphic units are Necromys lasiurus and Pseudoryzomys simplex. Among less common taxa there are Rhipidomys cf. R. macrurus, Euryoryzomys sp. and Scapteromys sp., each occurrence based on a single specimen.
[Table 1 near here]
Systematic Palaeontology
Suborder Myomorpha Brants, 1855
Family Cricetidae Illiger, 1811
Subfamily Sigmodontinae Wagner, 1843
Gen. et sp. indet.
[bookmark: _Hlk25502391]Material: 125 specimens (3 skulls MN57847, MN57855, MN57856; 10 right maxillae MN57743, MN57861, MN57886, MN57896, MN57907, MN57923, MN57959, MN57992, MN58036, MN58103; 3 left maxillae: MN57741, MN57848, MN58135; 5 incisive and pre-maxillae MN57838, MN57982, MN58023, MN58067, MN58151; 51 right dentaries MN57823, MN57825, MN57829, MN57860, MN57868, MN57874, MN57877, MN57885, MN57888, MN57891, MN57893, MN57894, MN57899, MN57901, MN57902, MN57918, MN57932, MN57934, MN57939, MN57941, MN57946, MN57947, MN57949, MN57950, MN57951, MN57952, MN57953, MN57954, MN57956, MN57957, MN57958, MN57968, MN57969, MN57971, MN57993, MN58000, MN58010, MN58013, MN58022, MN58043, MN58047, MN58051, MN58062, MN58063, MN58064, MN58079, MN58080, MN58106, MN58130, MN58144, MN58145; 53 left dentaries MN57596, MN57613, MN57701, MN57831, MN57832, MN57833, MN57834, MN57835, MN57841, MN57862, MN57870, MN57871, MN57876, MN57880, MN57895, MN57897, MN57900, MN57916, MN57919, MN57920, MN57921, MN57922, MN57926, MN57929, MN57931, MN57945, MN57960, MN57961, MN57962, MN57963, MN57965, MN57966, MN57967, MN57972, MN57974, MN57975, MN57979, MN58007, MN58011, MN58012, MN58042, MN58046, MN58054, MN58060, MN58065, MN58066, MN58085, MN58131, MN58146, MN58147, MN58148, MN58149, MN58150).
Description
These specimens are either too fragmented or the teeth, when present, are very worn and could not be assigned to lower taxonomic levels besides subfamily.
[bookmark: _Hlk19626568]Tribe Akodontini Cockerell and Printz 1914
Genus Akodon Meyen, 1833
Akodon sp.
Material:29 specimens (1 skull MN58086; 6 right maxillae MN57636, MN57650, MN57651, MN57652, MN57654, MN58116; 3 left maxillae MN57635, MN57653, MN57774; 10 right dentaries MN57632, MN57633, MN57637, MN57642, MN57643, MN57646, MN57647, MN57648, MN57938, MN58005; 9 left dentaries MN57631, MN57634, MN57640, MN57641, MN57644, MN57645, MN57649, MN58026, MN58035).
Description
[bookmark: _Hlk25503256]The skull is incrusted with sediments, especially in ventral view. The inter-orbital region is hourglass shaped without ridges (Fig. 4A, B, C). The frontal sinus does not looks inflated. The zygomatic plate is broken but it is possible observe that it is narrow. The border of the mesopterigoid fossa is broken but it is possible to notice that it almost reaches M3 and is broad. In the skull, the incisive foramina reach the M1 protocone or hypocone in some specimens. In the mandible, the condylar and angular processes have almost the same length. The masseteric ridges (superior and inferior) are visible but never marked, the capsular projection is visible below the coronoid process but never developed (Fig.4D, E, F). In lateral view of the mandible the mental foramen is located in the diastema, but a part of the foramen is seen laterally. The fossil material has molars with moderate to heavy wear, with only a single one with low wear (Fig. 5A, 6A). Akodon specimens have molars with anteromedian flexus/flexid, reduced anteroloph, and mesoloph or mesolophid fused to the metacone or entoconid in old individuals. The m1 also commonly have a protolophid, ectostylid or an ectolophid, and m2 can have an ectostylid or an ectolophid. The molar root pattern observed includes a M1 with four roots (one is accessory), M2 and M3 with three roots, m1 with three roots (one is accessory), and m2 and m3 with two roots. 
Comments
We compare the skull and the mandibles from NSA with Akodon montensis, A. lindberghi and Thaptomys nigrita (Figure 7A, Supplemental file 1 and 2). NSA specimens have the measurements smaller than T. nigrita and A. montensis, and more similar in size to A. lindberghi (Table 2). However, the length of upper and lower molar series are a little larger than A. lindberghi (Fig. 7B, C). The border of the mesopterigoyd fossa is wider laterally and with a M shape more similar to A. lindberghi than the others species. The nasal bone is broader in the posterior position, the zygomatic plate is narrower and slightly smaller than the others species. The condyloid process of the mandible is less developed and narrower, and the angular and sigmoid notches are more superficial than the other species. The capsular projection is less developed in NSA specimen than in A. montensis and T. nigrita. The retromolar fossa is slightly curved as in A. lindberghi. The lower molar shows the presence of an ectolophid as T. nigrita and A. lindberghi. Although this material has some characteristics similar to A. lindberghi as size, shape of mesopterigoyd fossa, and lower molars with ectolophidis, they were identified as Akodon sp. since some measurements and their distribution in the morphospace are little different (Fig. 7). 
The fossil record of Akodon in Brazil is limited to Sítio Adelar Pilger, Garivaldino, Sangão, Deobaldino Marques (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018), Abismo Iguatemi (SP) (Castro and Langer 2011), Gruta dos Moura, Gruta do Urso (TO) (Tobelém et al. 2013, Pires et al. 2017), Serra da Capivara (PI) (Guérin et al. 1996), and Lagoa Santa (MG) (Winge 1887, Paula-Couto 1950).
[Figure 4, 5, 6 and 7 near here]
[Table 2 near here]
Genus Bibimys Massoia, 1980
Bibimys sp. 
Material: 2 specimens (right maxillae MN57770, MN57996).
Description
The maxillary MN57770 has M1 and M2 worn. The incisive foramina reach the anterocone. In M1 and M2, a structure like a paraloph is visible, which is likely a remnant of the fusion of the mesoloph with the paracone. The molar cuspids are opposite (Fig. 5B). M1 has four roots (with one accessory), and M2 and M3 have three roots. The maxillary MN57996 has M2 and M3 with little wear, and the anteroloph and mesoloph are visible. M3 has a rounded shape with an internal fossette (Fig. 5C). 
Comments
[bookmark: _Hlk25573427]Bibimys was considered an uncommon genus of sigmodontine, with limited geographic distribution, but new discoveries and collected specimens have increased knowledge of the genus, including extension of its geographic range (e.g., Carmo et al. 2014, Diório 2014, Pardiñas et al. 2017). However, the taxonomy of Bibimys remains quite unstable (Pardiñas 1996, D’Elía et al. 2005, Pardiñas et al. 2015, 2017). Currently, Bibimys labiosus is found only in Brazil, while B. chacoensis occur in northern Argentina and Paraguay, and B. torresi occur in northern Argentina (Pardiñas et al. 2015). Gonçalves et al. (2005) re-described the skull and molars of B. labiosus. Pardiñas (1996) and Stutz et al. (2017) also described and illustrated upper and lower molars of fossil specimens of Bibimys. The molar shape of M1 and M2 of NSA specimens resembles those of the Bibimys, although it is slightly different. NSA specimens have the mesoloph less developed and the hypoflexus straighter than the specimens from Garivaldino site (Stutz et al. 2017). The specimens recorded in Serra da Capivara (PI) are dentaries and are not comparable to the maxilla from NSA. However, Bibimys from both Serra da Capivara and NSA have, characteristically, molars with high degree of hypsodonty. These specimens have been allocated here to the genus Bibimys, but a deeper comparison with other Bibimys species and Akodontini specimens is required for this NSA material. Although there is no recent record of Bibimys in Mato Grosso do Sul, the finding of the specimens in the surface of the cave (SU. 7) suggests that the recent occurrence of the species in the region cannot be discarded.
[bookmark: _Hlk25503481]Fossils of Bibimys are known from late Pleistocene and Holocene faunas of several paleontological sites in South America, including from the Pampean region of Argentina, indicating a wider distribution of the genus in the past, at least until the eighteenth century (Pardiñas 1996, Pardiñas et al. 2004, Teta et al. 2013). In Brazil they are reported from Lagoa Santa (MG) (Winge 1887), Serra da Capivara (PI) (Neves et al. 2017) and Sítio Garivaldino, Pílger, Sangão and Deobaldino Marques (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018).
Genus Kunsia Hershkovitz, 1966
Kunsia tomentosus (Lichtenstein, 1830)
Material: 3 specimens (1 right dentary MN58058; 2 left dentaries MN58024, MN58070).
Description
[bookmark: _Hlk25488016]Three mandibles of K. tomentosus were found in NSA, but only two mandibles showed molars with low and moderate wear. The mandibles are robust and the angular, condylar and coronoid processes are broken in all individuals (Fig. 8A, B, C). The masseteric ridges are not well marked; the capsular processes are not very conspicuous, and do not exceed the sigmoid notch; the diastema is short; and the mental foramen is visible in labial view. The m1 presents anteromedian flexid and fossetid; a short anterolophid and medial lophid, formed by reduced mesolophid and an entolophulid, both fused to entolophid (see Pardiñas et al. 2008); while in m2 the medial lophid is poorly developed (Fig. 6S). 
Comments
[bookmark: _Hlk25585419][bookmark: _Hlk25488478][bookmark: _Hlk25503583][bookmark: _Hlk25585462]Kunsia is a monotypic genus characterized by the largest body size among Sigmodontinae species (Pardiñas et al. 2009). They have a robust mandible and capsular projection developed between the coronoid and condyloid process (Pardiñas et al. 2009, Bezerra 2015). An anteromedian flexid is present on m1 and mesolophids are small or absent, differently from Scapteromys and Gyldenstolpia (Pardiñas et al. 2009). The NSA specimen does not have a developed capsular projection (observed just in one juvenile specimen). The subspecies K. tomentosus principalis, found in Lagoa Santa fossil assemblage, also has the capsular projection poorly developed in relation to K. tomentosus tomentosus (Pardiñas et al. 20009). Roth (2018) described the Kunsia specimens from Sangão (RS) with moderate developed capsular projection. This variation could be due to age, individual or subspecies variability, and further comparisons may be necessary (Pardiñas et al. 2009). The identity of NSA specimens is here provisionally assigned to K. tomentosus. 
[bookmark: _Hlk25585487][bookmark: _Hlk7171046]Kunsia tomentosus has not been reported for the recent fauna of Mato Grosso do Sul, this being the first record for the state. However, it has a wide distribution in open areas of the Cerrado, including adjacent areas from Serra da Bodoquena, as Estação Ecológica Serra das Araras, Mato Grosso State, and Parque Nacional das Emas (GO) (Bezerra et al. 2007, Bezerra and Pardiñas 2016). The fossil record is scarce and was extensively discussed in Pardiñas et al. (2009), with records from Lagoa Santa (MG) (Winge 1887), Gruta do Urso (TO) (Pires et al. 2018), Sítio Garivaldino, Sangão, Deobaldino Marques and Pílger (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018), and Gruta 3 de Mayo in Missiones, Argentina (Teta et al. 2019). 
[Figure 8 near here]
Genus Necromys Ameghino, 1889
Necromys lasiurus (Lund, 1840)
Material: 223 specimens (6 skulls MN57580, MN57581, MN57582, MN57583, MN57604, MN58008; 19 right maxillae MN57599, MN57720, MN57721, MN57723, MN57724, MN57726, MN57732, MN57733, MN57737, MN57738, MN57740, MN57742, MN57747, MN57748, MN57780, MN57905, MN57995, MN58068, MN58137; 20 left maxillae MN57722, MN57725, MN57727, MN57728, MN57729, MN57730, MN57731, MN57735, MN57736, MN57739, MN57744, MN57745, MN57746, MN57867, MN57884, MN57942, MN57948, MN57997, MN57998, MN58136; 86 right dentaries MN57587, MN57592, MN57593, MN57594, MN57598, MN57601, MN57657, MN57658, MN57659, MN57660, MN57661, MN57662, MN57663, MN57666, MN57669, MN57670, MN57671, MN57672, MN57674, MN57675, MN57676, MN57677, MN57682, MN57684, MN57685, MN57686, MN57689, MN57697, MN57699, MN57702, MN57703, MN57705, MN57706, MN57707, MN57710, MN57714, MN57766, MN57779, MN57788, MN57791, MN57810, MN57812, MN57813, MN57816, MN57817, MN57827, MN57845, MN57846, MN57849, MN57850, MN57851, MN57852, MN57859, MN57863, MN57864, MN57913, MN57914, MN57915, MN57917, MN57925, MN57928, MN57943, MN57970, MN57976, MN57986, MN57987, MN57989, MN57999, MN58003, MN58030, MN58031, MN58033, MN58044, MN58050, MN58055, MN58090, MN58108, MN58113, MN58114, MN58125; 90 left dentary MN57584, MN57585, MN57586, MN57588, MN57589, MN57590, MN57591, MN57597, MN57600, MN57602, MN57603, MN57656, MN57664, MN57665, MN57667, MN57668, MN57673, MN57678, MN57679, MN57680, MN57681, MN57683, MN57687, MN57688, MN57690, MN57691, MN57692, MN57693, MN57694, MN57695, MN57696, MN57698, MN57700, MN57704, MN57708, MN57709, MN57712, MN57715, MN57716, MN57717, MN57718, MN57719, MN57759, MN57773, MN57776, MN57778, MN57785, MN57786, MN57787, MN57789, MN57790, MN57793, MN57799, MN57807, MN57809, MN57811, MN57814, MN57818, MN57839, MN57842, MN57843, MN57853, MN57858, MN57865, MN57866, MN57878,MN57879, MN57881, MN57882, MN57887, MN57898, MN57908, MN57930, MN57944, MN57981, MN57988, MN58025, MN58027, MN58028, MN58032, MN58071, MN58105, MN58107, MN58133; 2 lower molars MN58111, MN58138).
Description
Skull with posteriorly divergent interorbital region, short rostrum, narrow and long incisive foramina reaching protocone of M1 (Fig. 9). The superior and inferior masseteric ridges are visible but not marked (especially in young individuals), meeting below m1 at the level of the mentonian foramen, which is located at diastema level. The capsular projection is developed below the coronoid process. The upper molars are large in relation to the size of skull/mandible, without the anteromedian flexus in the M1, with some specimens having a paralophule in paracone cuspid of M1 and M2 (Fig. 5D). M2 has an anteroloph, which is lost with wear; M1 has four roots (one accessory); M2 and M3 have three roots each. The m1 has three or four roots (with one or two accessories roots), while m2 and m3 have two roots. Only five specimens present a superficial anteromedian flexid or anteromedian fossetid, but most specimens present an anterolabial cingulum and ectostylid (Fig. 6B).
Comments
The occurrence of this species was very common in all stratigraphic units, including that associated with the surface-floor, being the most abundant rodent remains found. Measurements of Necromys from NSA are similar to N. lasiurus (Appendix 1), which currently occurs in Mato Grosso do Sul State (Cacéres et al. 2008, Tomas et al. 2017). Necromys lasiurus is known to have one of the widest distributions among the Sigmodontinae, being found in Paraguay, parts of Argentina, and almost all over the Brazilian territory, except for some regions in the North (Pardiñas et al. 2015). 
[bookmark: _Hlk25503710]Besides N. lasiurus, Necromys lenguarum is currently registered in Tapirapoã (Mato Grosso State) and Alto Paraguay (Paraguay), approximately 600km northwest and 300 km west, respectively, from Serra da Bodoquena (Pardiñas et al. 2015). Necromys lenguarum has a shorter nasal which does not obscure the incisive in dorsal view. However, the NSA specimens have the nasal broken or missing. Also, the taxonomic status of this species is not yet resolved and may be a junior synonym of N. lasiurus (D’Elia et al. 2008, Pardiñas et al. 2015, Pardiñas et al. 2018). Therefore, the occurrence of the lenguarum morphotype in Serra da Bodoquena is discarded in this study. In the Brazilian fossil record, Necromys is found in Lagoa Santa (MG) (Winge 1887, Paula-Couto 1950), Toca da Boa Vista and Lapa dos Brejões  (BA) (Oliveira and Lessa 1999), Serra da Capivara (PI) (Neves et al. 2017), Sítio Garivaldino, Sangão, Deobaldino Marques and Pílger (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018), Gruta dos Moura and Gruta do Urso (TO) (Tobelém et al. 2013, Pires et al. 2018). Recently, fossils referred to Necromys obscurus were found in Sítio Garivaldino, Deobaldino Marques and Sangão (RS), along with N. lasiurus (Stutz et al. 2017, 2018, Roth 2018). Necromys obscurus, the largest species of the genus, has larger measurements, especially the length of maxillary/mandible row and the length/width of M3/m3 (Galliari and Pardiñas 2000, Pardiñas et al. 2015). Necromys obscurus have a patchily distribution with records in southern Uruguay and in east-central Argentina (Galliari and Pardiñas 2000). Necromys obscurus is also found in the Late Holocene fauna from Buenos Aires province (Pardiñas 1999). Necromys lasiurus and N. obscurus are sympatric in the fossil record, although they do not currently occur together (Pardiñas 1999, Stutz et al. 2017). 
[Figure 9 near here]
Genus Oxymycterus Waterhouse, 1837
Oxymycterus sp.
Material:2 specimens (left dentaries MN57828, MN57830).
Description
[bookmark: _Hlk25503762][bookmark: _Hlk25488394]The mandibles lack molars and are thin and low, with capsular projection not developed (Fig. 8D, E, F). The coronoid process has the superior tip broken, the condylar process is more elongated and larger than the angular process. The sigmoid and lunar notches are poorly excavated. The masseteric crest is little visible, meeting below the middle position of the alveolus of m1 at the level of the mentonian foramen, which is large and visible in lateral view; m1 has three roots (one is accessory), m2 and m3 have two roots.
Comments
[bookmark: _Hlk25488564]Oxymycterus is a diversified genus with nine species occurring in Brazil (Oliveira and Gonçalves 2015, Peçanha et al. 2019). They have a low and elongated mandible, with angular process relatively long and slender, low coronoid process and absence of a capsular projection (Hinojosa et al. 1987). Juscelinomys and Brucepattersonius can also have slender mandibles without capsular projection. However, the NSA mandibles have the mentonian foramen placed laterally and the superior masseteric crest not salient from a dorsal view, differently from Juscelinomys (Emmons 1999). Brucepattersonius species usually have the superior masseteric crest well defined (Mares and Braun 2000, Jung and Christoff 2003, Abreu-Junior and Percequillo 2019), but the superior masseteric crest is not visible in NSA specimen (in the specimen MN57830 this region is broken). The mandible of Brucepattersonius griserufescens is smaller, more delicate and thinner than NSA specimen. Also, B. griserufescens has the mentonian foramen with a position more apical than lateral in the diastema in relation to NSA specimen, and the capsular process is not visible. The size of NSA specimen is also more similar to Oxymycterus (Table 3).
These mandibles have very shallow sigmoid and lunar notches and are identified here as Oxymycterus, but in the future more detailed comparisons can be made with different species of the genus. The two mandibles from NSA do not preserve diagnostic characters, being therefore only identified at genus level. Tomas et al. (2017) reported the occurrence of O. delator for Mato Grosso do Sul State. 
Fossil Oxymycterus were previously reported in Lagoa Santa (MG) (Winge 1887), Gruta do Urso (TO) (Pires et al. 2018) and Sítio Garivaldino, Sangão and Pilger (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018), and also Bolivia and Argentina (Pardiñas et al. 2002, Ortiz et al. 2011). Oxymycterus nasutus and Oxymycterus cf. O. quaestor are recorded for late Holocene deposits in Sangão and Deobaldino Marques (Roth 2008).
[Table 3 near here]
Genus Scapteromys Waterhouse, 1837
Scapteromys sp.
Material: 1 specimen (right dentary MN58072).
Description
The mandible has all processes and the anterior part of the mandible missing. The masseteric ridges and the capsular projection are not well marked or developed (Fig. 8G, H). The m1 and m2 are moderately worn; m1 has an anteromedian fossetid, protolophid, mesolophid, and posterolophid (Fig. 6C). In the m2 the anterolabial cingulum, the mesolophid and posterolophid are visible. 
Comments
[bookmark: _Hlk25488646][bookmark: _Hlk25488735]Scapteromys has an elongated mandible and the capsular process is not developed (Reig 1972). Mesolophids are developed and fused with mesostylid (Pardiñas et al. 2008). Three living species of Scapteromys are recognized (S. tumidus, S. aquaticus and S. meridionalis), but none of them currently occur in Mato Grosso do Sul (D’Elía and Pardinãs 2004, Quintela et al. 2014, D’Elía and Pardinãs 2015). These species are usually distinguished, besides with the use of molecular data and karyotype,  by colour of the fur and some cranial characters, as the frontoparietal suture and anterior border of mesopterygoid fossa, which could not be observed due to only a single mandibular fragment being available (see Massoia and Fornes 1964, Hershkovitz 1966, D’Elía and Pardinãs 2004, Quintela et al. 2014, D`Elía and Pardiñas 2015). The NSA specimen has the m1 and m2 smaller than S. tumidus and S. aquaticus, the size being closer to S. meridionalis. The NSA specimens also show the anteromedian flexid more marked than what was described for S. meridionalis (Quintela et al. 2014), with the presence of an anteromedian fossetid in molars with moderate wear. As measurements and diagnostic features of the lower molars for different species of Scapteromys are not currently available in the literature, identification was made only at genus level. Scapteromys tumidus is found from Rio Grande do Sul (Brazil) to Uruguay. S. aquaticus have a more westward distribution, in Rio Grande do Sul (Brazil), Argentina and Paraguay (D’Elía and Pardinãs 2004), while S. meridionalis is found from north of Rio Grande do Sul State to Paraná (Quintela et al. 2014). This is the first record of the genus for Mato Grosso do Sul State.
[bookmark: _Hlk25488835]Previous fossil records of Scapteromys are found in deposits from middle Pleistocene to Holocene, in Sangão (RS) (Roth 2018, Stutz et al. 2018), Constitución, Ramallo and Cueva Tixi (Buenos Aires, Argentina) (Pardiñas et al. 2004, Voglino and Pardiñas 2005). The present fossil record expands its distribution in Brazil. Reig (1994) described a fossil form, Scapteromys hershkovitzi, from the Upper Pliocene of Buenos Aires province, Argentina. However, new studies suggested that this fossil specimen does not belong to the genus Scapteromys (Pardiñas et al. 2009, Pardiñas 2013).

Genus Thalpomys Thomas, 1916
Thalpomys lasiotis Thomas, 1916
Material: 27 specimens (3 skulls MN57609, MN57806, MN58101; 2 right maxillae MN57655, MN57935; 9 right dentaries MN57574, MN57577, MN57796, MN57803, MN57857, MN57903, MN57911, MN57940, MN57991; 13 left dentaries MN57572, MN57573, MN57575, MN57578, MN57638, MN57639, MN57800, MN58034, MN58077, MN58112, MN58115, MN58124, MN58129).
Description
The specimens have supraorbital ridges, incisive foramina long and narrow reaching protocone, one small post-palatal pit, and small molars (Fig. 10). The mandible has the masseteric ridges (superior and inferior) visible but never marked. The capsular projection is visible between coronoid and condylar processes, but developed only in old individuals, while the mentonian foramen is located in the diastema. M1 has an anteromedian flexus; m1 has small procingulum, three roots (one accessory), while m2 and m3 have two roots (Fig. 5E, 6D). 
Comments
[bookmark: _Hlk25489179]The genus Thalpomys has only two living species, both endemic to the Brazilian Cerrado, T. lasiotis and T. cerradensis. Based on the measurements, the individuals from NSA are attributable to T. lasiotis, since they are smaller in size (Hershkovitz 1990). Another characteristic is the presence of small posterolateral palatal pits and small sphenoidal sinus in T. lasiotis, differently from T. cerradensis, in which they are larger (Hershkovitz 1990). However, it was not possible to observe the sphenoidal sinus in the broken skull.  
This is the first record of Thalpomys for Mato Grosso do Sul State. For T. lasiotis, the closest record is in São Paulo, while for T. cerradensis it is in Mato Grosso (Pardiñas and Teta 2015). This record extends the distribution of T. lasiotis 630km southwest from Braúna, SP (Pardiñas and Teta 2015).
This is also the second known fossil record of Thalpomys. In Lagoa Santa, the most surveyed Quaternary fossil deposits of mammals in Brazil, neither Lund nor Winge registered the presence of Thalpomys in the sediments, only in the recent fauna. A Thalpomys lasiotis fossil was registered in Gruta do Urso (TO), associated to Late Pleistocene and Middle Holocene sediments (Pires et al. 2018). In Sangão deposits of Late Holocene, Roth (2018) recorded a morphotype similar to Thalpomys as cf. Thalpomys. In NSA, T. lasiotis is recorded from all stratified levels.
[Figure 10 near here]
Tribe Oryzomyini Vorontsov, 1959
Gen. et sp. indet.
Material: Right dentary MN57767.
Description
           The mandible (Fig. 11G, H, I) has the angular, condylar and coronoid processes missing, the inferior masseteric ridge well marked and the superior visible, meeting below m1 at the same height of the mentonian foramen, which is particularly large and laterally located. The m1 has visible anterolophid, mesolophid, ectolophid, posterolophid, and anterior fossetid (Fig. 6I). The m1 has four roots (two accessories), m2 and m3 has two roots. 
Comments
We compared this specimen with Oecomys, Cerradomys, Euryoryzomys and Hylaeamys, Oryzomyini that occur in the recent fauna of Mato Grosso do Sul sate, but its morphology does not agree with any of them (see Weksler et al. 2006). This specimen has two accessories roots (unlike Euryoryzomys and Hylaeamys), large mentonian foramen (unlike Cerradomys, Euryoryzomys and Hylaeamys), and has an ectolophid (unlike Cerradomys). The measurements, the presence of the mesolophid, ectolophid and radicular pattern of the NSA specimen are similar to the genus Oecomys. Oecomys have a mesolophid on m1/m2 and the ectolophid generally present, but some species can have these lophids poorly developed or even absent (Carleton and Musser 2015). 
Four Oecomys species currently occur in Mato Grosso do Sul: Oecomys franciscorum, Oecomys bicolor, Oecomys catherinae and Oecomys paricola, (Cáceres et al. 2008, Pardiñas et al. 2016, Tomas et al. 2017). The records of O. bicolor probably refer to Oecomys cleberi (Rocha et al. 2012). It is difficult to compare NSA specimen with other species of Oecomys because many studies don’t describe, illustrate or measure the lower molars (e.g., Asfora et al. 2011, Rocha et al. 2012, Rosa et al. 2012). NSA specimen has slightly larger measurements than O. catherinae from Serra da Mesa (GO), but the molar shape is different from both O. franciscorum and O. catherinae (Supplemental file 3). NSA specimen has the procingulum more rounded, the ectolophid less developed, cuspids less alternate an the anterior fossetid is smaller and superficial. Despite some similarities with the genus Oecomys, more individuals and a more exhaustive comparison is necessary for correct taxonomic assignment.
Genus Cerradomys Weksler, Percequillo and Voss, 2006
Cerradomys sp.
Material: 19 specimens (9 right dentaries MN57617, MN57618, MN57768, MN57792, MN57844, MN57873, MN58152, MN58153, MN57775; 10 left dentaries MN57619, MN57808, MN57836, MN57837, MN57840, MN57909, MN58016, MN57620, MN57624, MN57713; 1 lower molar MN 58140).
Description
The material is characterized by a relatively high mandible, an angular process poorly developed in relation to the condylar process, capsular process well developed below the coronoid process, superior masseteric ridge visible and the inferior developed and meeting below m1 at the height of the mentonian foramem, which is located laterally in the mandible (Fig. 11A-F). The m1 has a procingulum without anteromedian flexid, with an anterofossetid, presence of mesolophid, and four roots (two are accessories, and five individuals have three roots with a single accessory root) (Fig. 6E, F). 
Comments
[bookmark: _Hlk25504014]These specimens are identified as Cerradomys due to the presence of capsular process of lower incisor alveolus developed below the base of the coronoid process, superior and inferior masseteric ridges converging anteriorly below m1, anteroconid without an anteromedian flexid, presence of labial cingulum and mesolophid, and presence of one or two accessories roots on m1. Cerradomys maracajuensis and C. scotti are present in the recent fauna of Mato Grosso do Sul (Cáceres et al. 2008, Tomas et al. 2017). They differ in fur coloration and some cranial traits (Percequillo et al. 2008). For example, the presence of short and narrow spheno-palatine vacuities, lack of alisphenoid strut, shallow palatal fossae with simple and large posterolateral palatal pits, and developed mesolophid characterize the C. maracajuensis (Percequillo et al. 2008). Although specimens have mesolophid present in m1, since the material is restricted to mandibles and other Cerradomys species can also have a developed mesolophid in the lower molars, we restrict the identification of the specimens to Cerradomys sp. 
The specimens MN57775, MN57620, MN57624, MN57713, have the mesolophid reduced and m1 with four roots (two are accessories). They may be assignable to the species C. scotti, which has small or absent mesolophid in the lower molars (Percequillo et al. 2008). However, some individuals of C. maracajuensis can also have reduced mesolophid, although less frequently than C. scotti (Percequillo et al. 2008). Therefore, these specimens were also assigned to Cerradomys sp.  
Fossils from the genus Cerradomys are reported from Lagoa Santa (MG) (Winge 1887) and Serra da Capivara (PI) (Neves et al. 2017).
[Figure 11 near here]
Genus Euryoryzomys Weksler, Percequillo, and Voss, 2006
Euryoryzomys sp.
Material: Lower left m1 MN58143. 
Description
Molar with moderate wear, without anteromedian flexid, mesolophid fused to the entoconid, posterolophid visible and anterolabial cingulum developed (Fig. 6G). Molar with two roots.
Comments
Euryoryzomys species have lower molars with two roots and m1 without an anteromedian flexid (Weksler et al. 2006, Percequillo 2015). Euryoryzomys and Cerradomys have similar lower molars, with anteromedian fossetid, mesolophid, posterolophid, and similar measurements. However, Euryoryzomys molars only have two roots, differing from Cerradomys, which have two roots and two accessories (Weksler et al. 2006). 
[bookmark: _Hlk25489589]In Brazil there are five species of this genus (Percequillo 2015), and Euryoryzomys nitidus is recorded in Mato Grosso do Sul State (Cáceres et al. 2008, Tomas et al. 2017). However, since we found only a single molar, identification at species level was not possible since no discrete characters in the lower molar differentiate species of the genus (Musser et al. 1998, Weksler et al. 2006). Euryoryzomys russatus is present in the fossil record of Lagoa Santa (MG) (Winge 1887).
Genus Holochilus Brandt, 1835
Holochilus sp. 1 
Material:  3 specimens (1 left maxilla MN57621; 2 left dentaries MN57627, MN58100).
Description
The specimens have the zygomatic plate with a spinosus anterodorsal process, and the incisive foramina reach M1 (Fig. 12A, B). The superior masseteric ridge is visible and the inferior is developed, meeting below m1 and m2, below mentonian foramen level, which is placed laterally in the mandible (Fig. 12D, E, H). The capsular process is developed. Molars are hypsodont and laminated, cusps opposite to each other, and a paralophule in M2 is present (Fig. 5M). m1 and m2 have a small mesolophid, large and central anterofossetids, deep hypoflexid, and oblique mesoflexid (Fig. 6M). m1 has two accessories roots. 
Comments
[bookmark: _Hlk25489917][bookmark: _Hlk19736972][bookmark: _Hlk25489761]Based in molecular data, Holochilus species can be divided in two groups, the brasiliensis species group and the sciureus species group (D`Elía et al. 2015). The brasiliensis species group, formed by H. vulpinus and H. brasiliensis, has larger size than the species of the sciureus species group, formed by H. chacarius and H. sciureus. These NSA Holochilus specimens have larger measures than H. chacarius and H. sciureus, and are probably assignable to H. vulpinus or H. brasiliensis. Besides size, other remarkable features of the brasiliensis species group include well-marked upper and lower masseteric ridges joined together, forming a single line below the posterior root of the m1 and below the level of mentonian foramen; molars with a vestigial mesoloph in the first upper molar; anteromedian fossetid centrally located; developed metaflexid, reaching the m1 midline; and mesoflexid oblique (Hershkovitz 1955, Voglino et al. 2004, Teta et al. 2005; Pardiñas and Teta 2011). The mesoloph-like structure is in fact a paralophule, which coalesce with the median mure in young individuals (Pardiñas 2008).
[bookmark: _Hlk20074192][bookmark: _Hlk20073427][bookmark: _Hlk20073352][bookmark: _Hlk20073842]Holochilus brasiliensis and H. vulpinus are not registered in the recent fauna of Mato Grosso do Sul State (Cáceres et al. 2008, Tomas et al. 2017). Currently, H. brasiliensis is reported from south and southeast Brazil, and H. vulpinus in Uruguay and northeastern Argentina (Gonçalves et al. 2015). Many Holochilus specimens identified as H. brasiliensis are actually H. vulpinus (e.g., Pardiñas and Galliari 1998, Pardiñas and Teta 2001, Formoso et al. 2010, Gonçalves et al. 2015). Holochilus vulpinus is the largest species of the genus and sister group of H. brasiliensis (D`Elía et al. 2015, Gonçalves et al. 2015). These species have similar molars, but H. vulpinus has some measures, as LMS of upper molars, larger than H. brasiliensis (Gonçalves et al. 2015). Currently, this species occurs in Paraguay, east-central Argentina, Uruguay, and south of Brazil (RS) (Massoia 1976, 1981, Marques 1987, Gonçalves et al. 2015). Since the NSA material consists of only a single maxilla with the molar row incomplete, it cannot be compared with the upper molar series of H. vulpinus. As the morphological differences and geographic distribution of both species preclude a definitive identification (D`Elía et al. 2015, Gonçalves et al. 2015), we maintain the taxonomic assignment of theses NSA specimens as Holochilus sp. 
Holochilus fossils in Brazil are found in Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999), Serra da Capivara (PI) (Neves et al. 2017), Sítio Pilger (RS) (Hadler et al. 2016) and Gruta dos Moura (TO) (Tobelem et al. 2013). Fossils of H. brasiliensis are found in Passo do Juquiry, Chuí Creek and Sítio Garivaldino (RS) (Kerber et al. 2012, Stutz et al. 2017), Lagoa Santa (MG) (Winge 1887), as well as in different localities in Argentina and Uruguay (Pardiñas et al. 2002, Pardiñas and Teta 2011).
[bookmark: _Hlk21421286]Holochilus sp. 2
Material: 3 specimens (right dentary MN58015, 2 left dentaries MN58128, MN58037).
Description
One mandible (MN58128) without molars, and the capsular process is developed (Fig. 12F, G, I). The condylar, angular and coronoid processes are broken, the superior masseteric ridge is visible and the inferior is well developed, meeting below the anterior part of m1 at the same level of the mentonian foramen, which is placed laterally in the mandible. The m1 with four alveoli of the first molar (two alveoli for accessories roots). The other mandible (MN58037) has m1 and m2 showing moderate wear. The mesolophid is absent; a large anterofossetid is present, with a shallow hypoflexid, and the flexus is transverse. The first molar has four roots (two accessories). 
Comments
These specimens have size similar to the sciureus species group of Holochilus, and some mandible features as the junction of the masseteric ridges below the anterior extremity of m1 at the same level as the mentonian foramen support this assignment (Voglino et al. 2004, Brandão and Nascimento 2015). Some skull morphological characters can be used to differentiate H. chacarius and H. sciureus (see Voglino et al. 2004, Pardiñas and Teta 2011, Brandão and Nascimento 2015). However, the NSA specimens only include mandibles, without diagnostic character for H. chacarius and H. sciureus. Therefore, the taxonomic assignment is Holochilus sp., with specimens being more similar to the sciureus species group. 
The taxonomic diagnosis, species boundaries and geographic distribution of Holochilus species are in need of review (D`elía et al. 2015), since the diversity of the group is increasing with new species being described (Pardiñas et al. 2013, D`elía et al. 2015). Based on morphological characters, Holochilus chacarius is found in the recent fauna from Mato Grosso do Sul State (Cáceres et al. 2008, Brandão and Nascimento 2015, Tomas et al. 2017) and in the lowlands of the Chaco ecoregion from western Brazil, Paraguay, Bolivia and Argentina. Fossils of Holochilus chacarius are reported from different localities in Argentina, Paraguay and Bolivia (Pardinãs and Galliari 1998, Pardiñas and Teta 2011, Torres et al. 2015). Holochilus sciureus occur in Guyanas, Bolivia, Peru, and north and northeast of Brazil (Gonçalves et al. 201). Fossils of H. sciureus in Brazil are found in Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999), Serra da Capivara (PI) (Neves et al. 2017), Sítio Pilger (RS) (Hadler et al. 2016) and Gruta dos Moura (TO) (Tobelem et al. 2013).
[bookmark: _Hlk21421238]Genus Nectomys Peters, 1861
Nectomys sp.
Material:  3 specimens (1 left maxilla MN58134; 1 upper M2 MN58141; 1 lower m1 MN58143).
[bookmark: _Hlk21421573]Description
Three fragments of Nectomys sp. were identified. One maxilla with a single M1 displaying moderate wear, with anteroloph, mesoloph and an anterior fossette due the junction of the anteroloph with the cingulum (Fig. 5L). M1 displays four roots (one accessory), M2 and M3 with three roots. M2 crown with moderate wear, anteroloph visible and the mesoloph is addressed with paracone. The m1 shows heavy wear, the mesolophid is fused to the entoconid and the posterolophid is visible (Fig. 6H). 
Comments
Nectomys has robust large molars with elevated crowns in relation to others Oryzomyini which in general have more brachydont molars. The upper/lower molars have an undivided procingulum, developed anteroloph/anterolophid and mesostyle/mesostylid, while the mesoloph/mesolophid are fused (Hershkovitz 1944). M1/m1 have four roots (one/two accessory) and m2/m3 have two large roots (Hershkovitz 1944).
Nectomys rattus and N. squamipes have been recorded for Mato Grosso do Sul State (Cáceres et al. 2008, Tomás et al. 2017). Unfortunately, it is not possible to differentiate these species with limited cranial characters, as are available for the NSA specimens (Hershkovitz 1944, Bonvicino and Weksler 2015, Chiquito 2015). Nectomys squamipes has a shorter upper toothrow than that of N. rattus (Bonvicino 1994), but a complete molar row is not available for comparison. In a recent review of the genus Nectomys, Chiquito (2015) found no differences in the molars of N. rattus and N. squamipes.
[bookmark: _Hlk25497037]The fossil record of Nectomys is restricted to the Quaternary of Brazil, in the localities of Lagoa Santa (MG) (Winge 1887), Sangão (RS) (Stutz et al. 2018) and Serra da Bodoquena. The Pleistocene records of Nectomys for Bolivia and Argentina are in fact Reigomys and Scapteromys, respectively (Pardiñas and Barbière 2018). 
[Figure 12 near here]
Genus Oligoryzomys Bangs, 1900
Oligoryzomys sp.
Material: 18 specimens (2 right maxillae MN57752, MN58121; 8 right dentaries MN57750, MN57754, MN57755, MN57756, MN57883, MN57924; MN57933, MN57955; 8 left dentaries MN57749, MN57751, MN57753, MN57783, MN57889, MN57890, MN57990, MN58081).
Description
[bookmark: _Hlk25589307]In the maxilla it is possible to observe that the incisive foramina reach the M1 alveoli. Mandible with superior and inferior masseteric ridges visible and well-marked, respectively, meeting below m1 at the same height of the mentonian foramen (Fig. 13D, E, F). The capsular process is developed below the coronoid process. The mentonian foramen is located at diastema level, being laterally visible. The molars are small, and M1/m1 have anteromedian flexus/flexid (Fig. 5F). M1 has three roots and one accessory; M2 and M3 have three roots. Anterolophs, mesoloph and mesolophids are developed or fused to the cuspids with molar wear; in m1 anterolophids are less conspicuous and, with the progression of wear, fuse to the metaconid; the mesolophid is sometimes visible and connected to the mesostylid with dental wear (Fig. 6K). The lower molars have two roots each (only one mandible presented a single accessory root in m1). 
Comments
Three species of Oligoryzomys are recorded for Mato Grosso do Sul State: Oligoryzomys chacoensis, O. nigripes and O. mattogrossae. Besides differences in karyotype (Weksler and Bonvicino 2005), they can also be differentiated by some morphological characters. Oligoryzomys mattogrossae is smaller and the molars can have relatively small mesolophs and mesolophids (Weksler and Bonvicino 2015, Weksler et al. 2017). Oligoryzomys chacoensis has measurements similar to that of O. nigripes, but differs in some external characters (Myers and Carleton 1981). As NSA specimens include maxillae and mandibles without diagnostic characters to differentiate between Oligoryzomys species, they are identified only at generic level.
Fossil remains of Oligoryzomys are found in Brazil in Lagoa Santa (MG) (Winge 1887), Sítio Pilger, Sangão, Deobaldino Marques and Garivaldino (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018), Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999), Gruta do Urso (TO) (Pires et al. 2018), Abismo Iguatemi (Castro and Langer 2011), but also in Chile, Paraguay and Argentina (Pardiñas et al. 2002, Ortiz et al. 2011, Torres et al. 2015).
cf. Oligoryzomys 
Material: 1 specimen (skull MN57576). 
Description
A single skull (Fig. 13A, B, C) with an interorbital region with long constriction (parallel parietal), which practically follows the molar series, supraorbital edges with rounded edges, and the incisive foramina reaching the molars. The three molars are present with moderate wear and they have conspicuous anteroloph and mesoloph; the anteroflexus is not visible due to wear, and M2 does not have protoflexus (Fig. 5G). M1 has four roots (one accessory), M2 and M3 have three roots. 
Comments
The skull has some measures (LMS, LM1, WM1, FI, LZP, IOC) similar to O. nigripes and O. chacoensis (see Weksler and Bonvicino 2005). Also have the parietal with more parallel shape than O. mattogrossae. The palatal bridge, despite being broken, seems to have a posterior extension less than M3 in length, characteristic found in O. nigripes and unlike O. chacoensis (Weksler et al. 2017). Oligoryzomys nigripes has the interorbital region parallel and size larger than O. mattogrossae (Weksler and Bonvicino 2015, Weksler et al. 2017). Although the skull has some features similar to O. nigripes or O. chacoensis, the mesolophid in the molar seems a little different from Oligoryzomys species since is not connected or fused to the paracone cuspid. Therefore, the taxonomic assignment for now is cf. Oligoryzomys.  Oligoryzomys nigripes and O. chacoensis occurs in Mato Grosso do Sul (Cáceres et al. 2008, Tomas et al 2017), and has a wide distribution in eastern Brazil (from Pernambuco to Rio Grande do Sul), Uruguay, Paraguay and the northeast of Argentina (Weksler and Bonvicino 2015). Fossils of O. nigripes are found in Lagoa Santa deposits (MG) (Winge 1887), Sangão, and Deobaldino Marques (Roth 2018). 
Oligoryzomys cf. O. mattogrossae (J.A. Allen, 1916)
Material: 1 specimen (right dentary MN57784).
Description
One mandible with angular and coronoid processes are missing, the superior and inferior masseteric ridges are visible and meet below m1 at the mentonian foramen level (Fig. 13G, H, I). The capsular projection is visible, the mentonian foramen is located at diastema level, the posterior and anterior portion of diastema have the same height. The m1 and m3 with moderate wear and without mesolophid (Fig. 6J). The m1 has three roots (one accessory), while the m2 and m3 have two roots.
Comments
The mandible has the molar length (csm = 3.54) within the range of O. mattogrossae and no mesolophid is visible, a condition typically found in this species (Weksler and Bonvicino 2015). O. mattogrossae currently occurs in Mato Grosso do Sul (Cáceres et al. 2008, Tomas et al. 2017, reported as Oligoryzomys fornesi).
Oligoryzomys mattogrossae is associated with the open vegetation belt, occurring in central and northeastern Brazil, Paraguay and possibly in Bolivia and Argentina (Weksler and Bonvicino 2015). Weksler et al. (2017) provide new information about the systematics and morphology of O. mattogrossae and compare it with other species of Oligoryzomys. Before this revision O. mattogrossae was included in O. fornesi (see Gonzalez-Ittig et al. 2014), a species that currently occur in Paraguay and north of Argentina. Due the proximity of Serra da Bodoquena with the geographic range of O. fornesi, the occurrence of this species cannot be discarded. However, it is not possible to differentiate the mandible of O. mattogrossae from O. fornesi with the diagnostic characters available in the literature, which are restricted to characters of the skull, as the incisive foramina (Weksler et al. 2017). Therefore, this specimen is identified here as Oligoryzomys cf. O. mattogrossae. 
[Figure 13 near here]
Genus Pseudoryzomys Hershkovitz, 1962
Pseudoryzomys simplex (Winge, 1887)
Material: 65 specimens (4 skulls MN57626, MN58009, MN58038, MN58069; 2 right maxillae MN57625, MN58018; 4 left maxillae MN57734, MN57777, MN58096, MN58102; 25 right dentaries MN57595, MN57622, MN57623, MN57628, MN57760, MN57761, MN57804, MN57819, MN57821, MN57872, MN57875, MN57927, MN58001, MN58002, MN58004, MN58039, MN58041, MN58045, MN58056, MN58057, MN58076, MN58082, MN58097, MN58099, MN58110; 30 left dentaries MN57629, MN57630, MN57762, MN57763, MN57765, MN57769, MN57772, MN57802, MN57805, MN57822, MN57854, MN57869, MN57906, MN57910, MN57912, MN57973, MN57977, MN57978, MN57983, MN57984, MN57985, MN58048, MN58049, MN58061, MN58074, MN58083, MN58089, MN58091, MN58098, MN58104).
Description
Pseudoryzomys simplex displays strong interorbital constriction and parallel parietals, with incisive foramina long, narrow, and reaching the molars (Fig. 14A, B, C). The mandible is high, with inferior masseteric ridge developed and superior visible, meeting below m1 at the mentonian foramen level, which is laterally located in the mandible (Fig. 14D, E, F). The molars are low-crowned and simplified. M1 has four roots (one accessory), the anterocone is not split and the mesoloph is small in M1/M2 (Fig. 5H). The capsular process is developed below the coronoid process. m1 has a large anteromedian fossetid and m1 and m2 lack a mesolophid (Fig. 6L).  Four roots (two accessories) can be observed in m1, while m2 and m3 have three roots. 
Comments
Pseudoryzomys. simplex has a broad distribution and is not usually caught in live traps, but is commonly found in association with owl pellets (Pardiñas et al. 2004, Voss 2015). Among the remarkable features that permit its diagnosis are the presence of a long incisive foramen; anterocone/anteroconid of M1/m1 undivided; upper molars with cusps arranged in opposing pairs; reduced mesolophs in M1 and M2, not reaching the labial cingulum; and M1 and m1 with four roots (Voss and Myers 1991). 
[bookmark: _Hlk25497546]Pseudoryzomys simplex is registered in Mato Grosso Sul (Cáceres et al. 2008, Tomas et al. 2017). This genus is not uncommon in fossil assemblages, with records in Sítio Sangão, Pilger, Garivaldino (Hadler et al. 2006, Stutz et al. 2017, 2018, Roth 2018) (RS), Serra da Capivara (PI) (Neves 2017), Toca da Boa vista and Lapa Brejões (BA) (Oliveira and Lessa 1999), Gruta dos Moura and Gruta Do Urso (TO) (Tobelem et al. 2013, Pires et al. 2018) and Lagoa Santa (MG) (Winge 1887). Its past distribution was much broader since it has a fossil record extending southwards to the Argentinian province of Buenos Aires (Pardiñas 1995a, Pardiñas 2000, Scheifler et al. 2012, Quintana 2016).
[Figure 14 near here]
Tribe Phyllotini Vorontsov, 1959
Genus Calomys Waterhouse, 1837
Calomys cf. C. tener	 (Winge, 1887)
Material: 19 specimens (6 skulls MN57606, MN57610, MN57607, MN57608, MN57611, MN58052; 1 right maxilla MN57781; 7 right dentaries MN57797, MN58094, MN58118, MN58122, MN58126, MN57579, MN57904; 5 left dentaries MN57711, MN57758, MN58093, MN58120, MN58127).
Description
The material includes delicate skulls with long incisive foramina reaching the M1 protocone, interorbital region without developed postorbital ridges (Fig. 15A-F). The mandible is delicate, with capsular projection developed below the coronoid process, visible in young individuals with little molar wear (Fig. 15J, K, L). The mentonian foramen is always located at the level of the diastema. Molars are simple and small relative to the size of the skull/mandible, with an anteromedian flexus/flexid at M1/m1 which is easily lost with tooth wear, and without developed lophs (Fig. 5I and 6O). M1 has four roots (one accessory); M2 and M3 have three roots; m1 has three or four roots (one or two accessories); while m2 and m3 have three roots. 
Comments
Based on the features described above, including size proportions, the listed material is identified as Calomys cf. C. tener. This species is a relatively small sigmodontine rodent, with the length of the upper molar series with an average of 3.4 mm (3.1 to 3.9mm) (Bonvicino et al. 2010, Salazar-Bravo 2015). It has a broad distribution in Brazil, including Mato Grosso do Sul (Cacéres et al. 2008, Tomas et al. 2017). It occurs mainly in the Cerrado and some regions of Atlantic forest, besides records in Paraguay and Bolivia (Salazar-Bravo 2015). 
One mandible (MN57579) of an adult individual has overall size, length of molar row, and the poor development of the capsular projection similar to C. laucha, the smallest species of the genus (Fig.6N and 15M, N, O). Calomys laucha has the length of the upper molar series smaller than 3.3 mm and inconspicuous capsular projection (Salazar-Bravo 2015). No specimen of C. laucha was available for comparison in this study, and only a single measurement of alveolar length of lower molars was found in the literature (2.84mm, see Teta et al. 2017). Calomys laucha currently occurs in Argentina, Paraguay, Bolivia and Uruguay, but in Brazil it is only found in eastern Rio Grande do Sul and Santa Catarina states (Peters et al. 2013, Salazar-Bravo 2015). Holocene fossil records of C. laucha are found in Argentina (Pardiñas et al. 2002, Ortiz et al. 2011) and Bolivia (Pardiñas et al. 2002). In Brazil, it is recorded in Late Holocene deposits of Sangão (RS) (Roth 2018). As we only have one specimen and the dentary has molar row length a little larger than this measurement (2.84mm), we keep the identification as Calomys cf. C. tener. 
Fossils of Calomys tener were previously found in Lagoa Santa limestone caves (MG) (Winge 1887).
Calomys sp.
Material: 42 specimens. Large size (2 skulls MN57605, MN58040; 1 left maxilla MN57615; 6 right dentaries MN57614, MN57794, MN57815, MN58019, MN58029, MN58059; 5 left dentaries MN57764, MN57795, MN57798, MN58006, MN58021; 1 left lower molar MN58139). Indeterminate size (1 right maxilla MN57612, MN57771; 18 right dentaries MN57616, MN 57782, MN57820, MN57824, MN57826, MN57892, MN57936, MN57980, MN57994, MN58014, MN58020, MN58073, MN58078, MN58092, MN58095, MN58109, MN58117, MN58123; 7 left dentaries MN57757, MN57937, MN57964, MN58053, MN58075, MN58084, MN58119).
Description
The material includes delicate skulls with long incisive foramina reaching the M1 protocone or anterocone, interorbital region convergent with a delicate but undeveloped ridge, small molars relative to the size of the skull/mandible (Fig. 15G, H, I). The mandibles vary in size, but all of them have the superior and inferior masseteric crests visible and meeting below m1; the mentonian foramen is located at the level of the diastema; and capsular projection is developed below the coronoid process in adult individuals (Fig. 15P, Q, R). Simple molars with an anteromedian flexus/flexid at M1/m1, easily lost with tooth wear, and without developed lophs (Fig. 5J, 6P). M1 has four roots (one accessory root), M2 and M3 have three roots; m1 has three or four roots (one or two accessories roots), while m2 and m3 have three roots. 
Comments
With the lack of molars in some specimens, overlap in length measurements of the molar row, and the impossibility of observing the presence of an alisphenoid strut, due to breakage of the posterior portion of the skull, the remains described here are identified only at genus level. These specimens could be divided into two groups: (i) larger ones, with size comparable to C. expulsus, C. callosus and C. callidus (Fig. 15G, H, I); and (ii) indeterminate size, with size equal to older individuals of C. tener or individuals of the others species. Despite the karyotypic differences between these species, each group show similar cranial measurements (see Bonvicino et al. 2003, Bonvicino et al. 2010, Peters et al. 2013). Morphological similarities and the fact that different Calomys species are commonly found in sympatry (Bonvicino et al. 2010) can make the taxonomic identification of the species of the genus a bit tricky, especially for incomplete fossil material, therefore the taxonomic assignment for these specimens is Calomys sp. With more complete specimens or using others methods the taxonomic identification could be refined in the future. Geometric morphometrics applied to molars and skull has been shown to be useful as a complementary tool for taxonomic identification of the genus (Cordeiro-Estrela et al. 2008, Boroni et al. 2017).
[bookmark: _Hlk25504461]Calomys is a diverse genus with broad geographic distribution in South America that occurs from forests to grasslands (Salazar Bravo 2015). Current surveys in Mato Grosso do Sul State listed the occurrence of C. tener, C. callosus and C. aff callidus (Cacéres et al. 2008, Tomas et al. 2017). The fossil record of the genus in the Holocene and Pleistocene faunas of the country is widespread, with Calomys being reported as fossil in Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999), Serra da Capivara (PI) (Neves et al. 2017), Abismo Iguatemi (SP) (Castro and Langer 2011), Lagoa Santa (MG) (Winge 1887, Paula-Couto 1950), Gruta dos Moura and Gruta do Urso (TO) (Tobelem et al. 2013, Pires et al. 2018) and Sitio Pilger , Garivaldino and Sangão (RS) (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018). There are also records in Argentina (Ortiz et al. 2011, Pardiñas et al. 2002), Bolivia (Pardiñas and Galliari 1998, Pardiñas et al. 2002), Paraguay (Torres et al. 2015), and Venezuela (Pardiñas et al. 2002).
[Figure 15 near here]
Genus Graomys Thomas, 1916
Graomys cf. G. chacoensis (J. A. Allen, 1901)
Material: 1 specimen (left mandible MN58017).
Description
Mandible with mentonian foramen located at the level of the diastema, masseteric crests (lower marked and upper visible) meeting below m1 and below the height of mentonian foramen (Fig. 16B, D, F). Capsular projection is developed and the angular, condylar and coronoid processes are broken. However, it is clear that the condylar process has an elongated shape and that the angular notch is deep. This mandible has both m1 and m2 worn, m1 with four roots (two accessories), and m2 and m3 with two roots. Procingulum has a triangular shape. Anterolabial cingulum is developed in m1 and m2 and the posterolophid is visible in m1 (Fig. 6Q). 
Comments
[bookmark: _Hlk25498000][bookmark: _Hlk20121513][bookmark: _Hlk20122958]The mandible of Graomys has a coronoid process smaller than the condylar process, a moderately developed capsular process, and angular notch excised forward (Hershkovitz 1962, Braun and Patton 2015). Molars are moderately hypsodont, cusps triangulate, not having any trace of mesolophid; m1 has an anterolabial cingulum developed and four roots (Hershkovitz 1962, Barbiére et al. 2016). 
Graomys chacoensis has cranial measurements smaller than G. griseoflavus (Martínez and Di Cola 2011, Braun and Patton 2015). Usually they can be differentiated by length of maxillary and width of M1, which is shorter in G. chacoensis (Braun and Patton 2015). The Bodoquena specimen has smaller molar size (lm1 2.28 mm, lm2 1.55), similar to that of G. chacoensis (lm1 2.32-2.40 mm, lm2 1.48-1.6 mm, see Pardiñas 1995b).
Graomys chacoensis is usually found in the Chaco ecoregions in Argentina and Paraguay, near the border with Brazil (Martínez and Di Cola 2011, Pardiñas et al. 2018). Late Pliocene to Holocene Graomys are known from Argentina (Pardiñas 1995b, Voglino and Pardiñas 2005), Bolivia (Pardiñas and Galliari 1998), and Paraguay (Torres et al. 2015).
Tribe Thomasomyini Steadman and Ray, 1982
Genus Rhipidomys Tschudi, 1845
Rhipidomys cf. R. macrurus (P. Gervais, 1855)
Material: 1 specimen (right maxilla MN58132).
Description
One maxillary fragment was found with M1, M2, M3 and little dental wear (Fig. 16A). The incisive foramina do not exceed the molar alveolus. M1 and M2 have a developed anteroloph, mesoloph and posteroloph (Fig. 5K). An ectostyle and protostyle are observed in M1 and the anteromedian flexus split the anterocone in two equal conules. M2 has a marked protoflexus and two internal fossettes (labial and medial). M1 has four roots (one accessory); M2 and M3 has three roots.
Comments
In the skull of Rhipidomys the incisive foramina are long and can reach the level of the M1s (Tribe 2015). The molars have well-developed anteroloph and mesoloph, and the anteromedian flexus in M1 divide the anteromedian cuspid in conules of equal size (Costa et al. 2011, Tribe 2015). The upper molars have each three roots and M1 can have an accessory root (Tribe 2015). Some Rhipidomys species, such as R. macrurus, have a marked protoflexus in M2 (Costa et al. 2011).
Rhipidomys macrurus is the only species of the genus that occurs in Mato Grosso do Sul State (Cáceres et al. 2008, Tribe 2015, Tomas et al. 2017). They have a broad distribution in the Cerrado domain in Brazil and some records from Paraguay (Tribe 2015). Fossil records are reported from Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999), identified as Rhipidomys sp., and from Lagoa Santa (MG) (Winge 1887) as R. mastacalis. 
Tribe Wiedomyini Reig, 1980
Genus Wiedomys Hershkovitz, 1959
Wiedomys sp.
Material: 1 specimen (right dentary MN58088)
Description 
One mandible with m1. The superior and inferior masseteric ridges are developed and meet at the level of mentonian foramen and below m1. The capsular projection is developed below the coronoid process (Fig. 16C, E, G). The mentonian foramen is laterally located in the mandible. The m1 shows heavy wear but is possible to notice some features: a structure like a mesolophid fused with the metaconid, the presence of anterolabial cingulum, posterolophid and anteromedian flexid splitting the anteroconid in two conulids of equal size (Fig. 6R). The m1 has four roots (two accessories), m2 and m3 have two roots. 
Comments 
Wiedomys is a genus endemic from arid areas of Caatinga and Cerrado from northeast Brazil (Bonvicino 2015). The genus currently includes two species, W. cerradensis and W. pyrrhorhinos, but none of them occur in Mato Grosso do Sul State (Cáceres et al. 2008, Tomas et al. 2017). The mandible found has morphological characters similar to Wiedomys, although the length of the mandible (HM = 17mm) is larger than known for the genus (HM = 12.65 - 14.73mm) (Bezerra et al. 2013), the capsular projection is more developed and retromolar fossa is straighter when compared to W. pyrrhorhinos. Wiedomys species have the anteroconid of m1 equally divided by the anteromedian flexid, mesostylid present in m1 and m2, the hypoflexid is wide and an ectostylid can be present (Gonçalves et al. 2005). Wiedomys cerradensis have an alisphenoid strut and smaller cranial and body dimensions than W. pyrrhorhinos, as described by Gonçalves et al. (2005). Lins et al. (2017) noticed that Wiedomys subfossils are larger than living specimens in some measurements. The recent specimens of the genus have some morphological variation in the rostrum region, but which are not clinal, and could be an adaptation to local climatic conditions (Cunha-Filho 2019). The NSA specimen has features that differ from known species of Wiedomys and may represent a new species, but more comparisons are needed to establish its taxonomic status. 
Reig (1980) described Wiedomys as lacking mesolophids. Pardiñas and Barbiére (2017) argue that the genus Wiedomys have filiform mesolophids much less visible than the mesolophs in the upper molars. The NSA specimen has a structure similar to a mesolophid, but with the dental wear it is fused with the metaconid and, therefore, not clearly discernible (Supplemental file 4). 
A fossil form, W. marplatensis, was described from Argentina (Quintana 2002), but a recent review of the holotype removed it from Wiedomys and considered it as a junior synonym of Cholomys pearsoni Reig, 1980 (Pardiñas and Barbière 2017). Wiedomys fossils are found in Caatinga areas, in Toca da Boa Vista and Lapa dos Brejões (BA) (Oliveira and Lessa 1999) and Serra da Capivara (PI) (Neves et al. 2017). This is the first record of the genus in the Brazilian midwest, extending the geographic distribution of the genus in approximately 1,400 km.
[Figure 16 near here]
[bookmark: _Toc21038987]Concluding Remarks

[bookmark: _Hlk25498293][bookmark: _Hlk25498347]This contribution to the taxonomical identification of the sigmodontine rodents from the Quaternary of Serra da Bodoquena identified eight new genera for the region (Appendix 2) from the previous published report (Salles et al. 2006), with three new genus records (Bibimys, Thalpomys, Wiedomys) registered for the state of Mato Grosso do Sul. Almost all genera listed as living for the state (Cáceres et al. 2008, Tomas et al. 2017) were found in NSA fauna, with the exception of Hylaeamys. 
[bookmark: _Hlk25498408][bookmark: _Hlk25498449][bookmark: _Hlk25498498][bookmark: _Hlk24827003]With the exception of Bibimys sp. and Scapteromys sp., all the other species found in NSA are common in the different physiognomies of Cerrado, including open areas (Calomys sp., N. lasiurus, K. tomentosus, T. lasiotis), forested areas as Cerradão or gallery forests (Rhipidomys cf. macrurus), and wetlands or riverbanks (Nectomys sp., Holochilus spp., P. simplex). Some Bibimys species are known to inhabit grasslands close to forested areas in Argentina, Brazil and Paraguay, in the Atlantic Forest (Pardiñas et al. 2015). New surveys also show the occurrence of Bibimys in gallery forest and semi deciduous forest in Cerrado (MG) (Carmo et al. 2014). As the material of NSA were found in SU. 7 (formed by organic sand clay sediments with recent and subfossils immerse in it, forming the cave floor of the NSA), and no dating is yet available, the current occurrence of Bibimys in Serra da Bodoquena cannot be established. Despite increasing information available about Bibimys (e.g., Diório 2014, Pardiñas et al. 2017), little is known about its natural history and geographic distribution (Pardiñas et al. 2015). However, considering its current and past distribution, Bibimys species appears to have decreased its geographic distribution during the Late Holocene (Pardiñas et al. 2017). The presence of Bibimys species in fossil sites in Buenos Aires Province (e.g., Centinela del Mar and Cueva Tixi) in late Holocene suggested environmental conditions warmer and partially wetter than the current ones for these localities (Pardiñas 1996), and maybe the same could also be applied to the past climate of Serra da Bodoquena, being characterized by higher humidity and temperature. 
[bookmark: _Hlk25498569][bookmark: _Hlk25498633][bookmark: _Hlk20123076][bookmark: _Hlk25498761]The genus Graomys includes four living species, and is found mainly in Argentina, but also occur in Bolivia and Paraguay (Martínez and Di Cola 2011, Braun and Patton 2015). The occurrence of the genus in Brazil, however, was uncertain. The only previous register is stated as Ivinhema, Mato Grosso do Sul, by Kühlhorn (1954). However, since the record could not be confirmed, Hershkovitz (1962) only considered the genus as “possibly” occurring in Brazil (as Graomys griseoflavus). Subsequent authors attributed this record to Graomys chacoensis due to geographic range (Braun and Patton 2015), and reaffirmed its occurrence in Brazil (Musser and Carleton 2005; Braun and Patton 2015), although based only on Hershkovitz’s (1962) initial report. The last Annotated Check List of Brazil didn’t include this record (Paglia et al. 2012) and neither the latest MS Check List (Cáceres et al. 2008, Tomas et al. 2017). Graomys species are found in arid, semi-arid habitats, and marginal forest of Humid Chaco (Pardiñas and Teta 2005, Martínez and Di Cola 2011, Braun and Patton 2015). Just a single mandible was found in SU. 4 and would be premature to discuss about the present and past distribution of G. chacoensis in Brazil without the date information, but not less important as we only have the dubious record listed by Hershkovitz (1962). Therefore, this study presents the first fossil record of this genus in Brazil. In Risso Cave, Paraguay, a fossiliferous site very close to Serra da Bodoquena (approximately 180 km southwest from NSA), Graomys cf. G. chacoensis also was recorded (Torres et al. 2015). No date information is known for Risso Cave, but the fossil specimens probably are from late Pleistocene to early Holocene due the presence of an extinct ground sloth (Torres et al. 2015). 
[bookmark: _Hlk25498847]Some species were not captured by Salles et al. (2006) or found in the superior stratigraphic units of the NSA, with only a few fragments found in deeper layers, as Scapteromys sp., Wiedomys sp. and K. tomentosus. Wiedomys species are endemic of Caatinga and Cerrado, semiarid environments northeast of Serra da Bodoquena (Gonçalves et al. 2005, Bezerra et al. 2013). Scapteromys aquaticus and S. tumidus species are usually found in areas with watercourses in southern Brazil, Uruguay, southern Paraguay and northern Argentina (D’Elía and Pardiñas 2015), and S. meridionalis has a distribution more to the north than the tumidus morphotype, associated with highland region called “Serra Geral” in Brazil (Quintela et al. 2014). Considering the current distribution of these taxa, they possibly do not currently occur in MS, indicating that their past geographic distribution was probably broader than today. Kunsia occur in grasslands and savannas from Cerrado in Brazil and Pampas in Bolivia, with a current geographic distribution close to Serra da Bodoquena. The absence of Kunsia in modern assemblages of MS state (Cáceres et al. 2008, Tomas et al. 2017) may be attributable to a sampling artifact since there are records in the border of the state (Bezerra and Pardiñas 2016). The fossil record of the genus was limited to Lagoa Santa and Serra da Bodoquena (Winge 1887, Salles et al. 2006), but recent research registered fossils of Kunsia in Rio Grande do Sul (Hadler et al. 2016, Stutz et al. 2017, 2018, Roth 2018) and Tocantins (Pires et al. 2017). 
 The NSA sigmodontine fauna share some genera with the deposits of Lagoa Santa (MG) (Winge 1887), and Holocene deposits in Pilger, Garivaldino and Sangão (RS) (Hadler et al. 2006, Stutz et al. 2017, 2018, Roth 2018), with the presence of Kunsia, Pseudoryzomys, Bibimys and Holochilus. Wiedomys and Bibimys also occur in Holocene deposits of Serra da Capivara (PI) (Neves et al. 2017). NSA assemblage also has some affinities with Holocene - Pleistocene fossiliferous sites in Serra da Mesa (GO) (Salles et al. 1999, Boroni et al. in prep) with the presence of Graomys, Bibimys, Thalpomys, Pseudoryzomys, and Gruta do Urso (TO) (Pires et al. 2018) due the presence of Kunsia, Pseudoryzomys and Thalpomys. 
[bookmark: _Hlk25498938]The presence of taxa associated to open vegetation and grasslands (e.g., Thalpomys, Calomys, Graomys, Kunsia, Wiedomys) and flooded areas or water courses (Pseudoryzomys, Holochilus, Nectomys, Scapteromys) corroborate previous conclusions of Salles et al. (2006) that past conditions in the region may have been characterized by open vegetation (savannas) with flooded areas. Also, the assemblage of Risso Cave is in accordance with this paleoenvironmental scenario (Torres et al. 2015). Nowadays Serra da Bodoquena is a confluence of ecoregions as the Atlantic rainforest, Cerrado, Pantanal and Chaco. However, since no age of the deposits are yet available, it may be precipitated to discuss diversity patterns and paleontological scenarios for the Quaternary of the Serra da Bodoquena region. Although the chronology associated to the stratigraphic profile revealed in the excavation area remains unknown, the outcomes of this work show important records for the Sigmodontinae in Mato Grosso do Sul and for the knowledge of the fossil assemblages, which are still little studied in Brazil.
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Figure captions
Figure 1 - Map of Serra da Bodoquena region (Mato Grosso do Sul, Central Brazil), indicating the location of Nossa Senhora Aparecida Cave (NSA).
Figure 2 - Topography of Nossa Senhora Aparecida Cave (NSA), Mato Grosso do Sul, Brazil, including cross-section and excavation area.
Figure 3 - Stratigraphic profile revealed in the excavation site at the bottom of the Nossa Senhora Aparecida Cave, (NSA), Mato Grosso do Sul, Brazil.
Figure 4 – Akodon sp. – Skull (MN58086) A) dorsal view, B) ventral view, C) lateral view. Mandible (MN57649) D) lateral view, E) mesial view, F) dorsal view.
[bookmark: _GoBack][bookmark: _Hlk21422610]Figure 5 – Occlusal view of upper molars. A) Akodon sp. (MN57774). B) Bibimys sp. (MN57770). C) Bibimys sp. (MN57996). D) Necromys lasiurus (MN58143). E) Thalpomys lasiotis (MN57806). F) Oligoryzomys sp. (MN57752). G) cf. Oligoryzomys (MN57576). H) Pseudoryzomys simplex (MN57626). I) Calomys cf. C. tener (MN57606). J) Calomys sp. “big” (MN57615). K) Rhipidomys cf. R. macrurus (MN58132). L) Nectomys sp. (MN58134). M) Holochilus sp. 1 (MN57621). Scale bar = 2mm. 
[bookmark: _Hlk21422486]Figure 6 – Occlusal view of lower molars. A) Akodon sp. (MN57642). B) Necromys lasiurus (MN57589). C) Scapteromys sp. (MN58072). D) Thalpomys lasiotis (MN57803). E) Cerradomys sp. (MN57620). F) Cerradomys sp. (MN57618). G) Euryoryzomys sp. (MN58142). H) Nectomys sp. (MN58143). I) Oryzomyini indet. (MN57767). J) Oligoryzomys cf. O. mattogrossae (MN57784). K) Oligoryzomys sp. (MN57990). L) Pseudoryzomys simplex (MN57623). M) Holochilus sp. 1 (MN58087). N) Calomys cf. C. tener (MN57579). O) Calomys cf. C. tener (MN58093). P) Calomys sp. “big” (MN57614). Q) Graomys cf. G. chacoensis (MN58017). R) Wiedomys sp. (MN58088). S) Kunsia tomentosus (MN58024). Scale bar = 2mm.
Figure 7 – A) Principal component analysis (PCA). B) Box-plot of the length of upper molar serie (LSM). C) Box-plot of the length of lower molar serie (lms). Akodon sp. from Nossa Senhora Aparecida cave, Serra da Bodoquena, Mato Grosso do Sul, Brazil, Akodon lindberghi (Simão Pereira, Minas Gerais), Akodon montensis (Caratinga, Minas Gerais, Itatiaia and Cordeiro, Rio de Janeiro), Thaptomys nigrita (Ilhéus, BA).
Figure 8 – Kunsia tomentosus – Mandible (MN58024) A) lateral view, B) mesial view, C) dorsal view. Oxymycterus sp. – Mandible (MN57828) D) lateral view, E) mesial view, F) dorsal view. Scapteromys sp. – Mandible (MN58072) G) lateral view, H) mesial view, I) dorsal view. Scale bar 1 for Oxymycterus and Scapteromys, and scale bar 2 for Kunsia
Figure 9 - Necromys lasiurus – Skull (MN57580) A) dorsal view, B) lateral view, C) ventral view. Mandible (MN57588) D) lateral view, E) mesial view, F) dorsal view.
Figure 10 – Thalpomys lasiotis – Skull (MN57609) A) dorsal view, B) lateral view, C) ventral view. Mandible (MN57575) D) lateral view, E) mesial view, F) dorsal view. 
[bookmark: _Hlk21423531]Figure 11 – Cerradomys sp. - Mandible (MN57618) A) lateral view, B) mesial view, C) dorsal view. Mandible (MN57620) D) lateral view, E) mesial view, F) dorsal view. Oryzomyini indeterminate – Mandible (MN7767) G) lateral view, H) mesial view, I) dorsal view.
[bookmark: _Hlk21423740]Figure 12 – Holochilus sp. 1 – Maxilla (MN57621) A) lateral view, B) ventral view. Mandible (MN58100) D) lateral view, E) mesial view, H) dorsal view. Holochilus sp. 2 – Mandible (MN58015) F) lateral view, G) mesial view, I) dorsal view. Nectomys sp. – Maxilla (MN58134) C) ventral view. Scale bar 1 for Nectomys maxilla and scale bar 2 for the other specimens.
[bookmark: _Hlk21424295]Figure 13 – cf. Oligoryzomys – Skull (MN57576) A) dorsal view, B) lateral view, C) ventral view. Oligoryzomys sp. – Maxilla (MN57752) D) lateral view, E) ventral view. Mandible (MN57990) F) lateral view. Oligoryzomys cf. O. mattogrossae – Mandible (MN57784) G) lateral view, H) mesial view, I) dorsal view.
[bookmark: _Hlk21424881]Figure 14 – Pseudoryzomys simplex – Skull (MN57626) A) dorsal view, B) lateral view, C) ventral view. Mandible (MN57629) D) lateral view, E) mesial view, F) dorsal view.
Figure 15 – Calomys cf. C. tener – Skull (MN57606) A) dorsal view, B) lateral view, C) ventral view. Mandible (MN58093) J) lateral view, K) mesial view, L) dorsal view.  Mandible (MN57579) M) lateral view, N) mesial view, O) dorsal view. Skull (MN57611) D) dorsal view, E) lateral view, F) ventral view. Calomys sp. “big” – Skull (MN57605) G) dorsal view, H) lateral view, I) ventral view.  Mandible (MN57614) P) lateral view, Q) mesial view, R) dorsal view. The dotted line in orange show the capsular projection.
[bookmark: _Hlk21425215]Figure 16 – Rhipidomys cf. R. macrurus – Maxilla (MN58132) A) ventral view. Graomys cf. G. chacoensis – Mandible (MN58017) B) lateral view, D) mesial view, F) dorsal view. Wiedomys sp. – Mandible (MN58088) C) lateral view, E) mesial view, G) dorsal view.

