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Abstract

We name and describe a new species of Andean mouse from the eastern slope of the Andes of central Ecuador (Sangay National 
Park). This rodent is large-bodied (head-body length 167–184 mm) inhabiting the wet montane forest between 3,400–3,900 m in 
elevation. A molecular phylogeny based on mitochondrial genes resolved the new species as a member of the “aureus” group, closely 
related to an undescribed species from north Ecuador. This finding increases the diversity of Thomasomys to 48 species, of which 18 
species inhabit Ecuador. In addition, the species described herein is the largest species of the genus described in Ecuador.

Key words

Montane forest, Rodentia, Thomasomyini

Introduction

The genus Thomasomys contains the highest diversity of 
any Sigmodontinae genus (Patton et al. 2015; Pardiñas 
et al. 2017). The genus is mostly confined to the Andes 
of South America and is usually found above 2,500 m 
in elevation (Pacheco 2015). Within this genus are mem-
bers that range in size from Thomasomys hudsoni with a 
head/body length of 88 mm (Brito and Arguero 2016) to 
Thomasomys apeco with head/body length over 235 mm 
(Gardner and Romo 1993; Ruelas and Pacheco 2021).

The subfamily Sigmodontinae is the most species rich 
subfamily of Cricetidae (Pardiñas et al. 2017). Sigmo-
dontinae has been the subject of many recent studies con-

cerning both its systematics and what the subfamily can 
teach us about the last 7 million years of evolutionary and 
biogeographic history of South America and the Andes in 
particular (Patton et al. 2015, Pacheco 2015; Brito et al. 
2019; Brito et al. 2021; Ruelas and Pacheco 2021).

Currently, 47 species of Thomasomys are recognized 
(Pacheco 2015; Brito et al. 2019; Brito et al. 2021; Ru-
elas and Pacheco 2021). Internal complexity of Thoma-
somys is high given that it contains, at least, 7 species 
groups (Pacheco 2003; Salazar-Bravo and Yates 2007; 
Brito et al. 2019): aureus, baeops, cinereus, gracilis, in-
canus, macrotis, and notatus. The aureus group contains 
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the largest-bodied species of the genus, with members 
ranging from 135 to 238 mm in head-body length, and 
weighing from 68 to 335 g (Pacheco 2015). Using se-
quence data from the rapidly evolving cyt b gene and a 
detailed comparative examination of the morphology, we 
have discovered a previously undocumented taxon within 
the T. aureus group.

Materials and Methods

Studied specimens

We used Sherman traps with an accumulated trap effort 
of 5,675 trap/nights in very remote and difficult to access 
mountain regions of Sangay National Park, Ecuador (Lee 
et al. 2011; and collections by Jorge Brito). We followed 
the guidelines established by the American Association 
of Mammalogists (Sikes et al. 2016) for the capture, 
manipulation and preservation of specimens captured in 
the field. A qualitative morphological comparison was 
made based on 60 specimens of the species of the Thom-
asomys that are part of the T. aureus group present in Ec-
uador (Appendix 1). These specimens are deposited in 
the following collections: Abilene Christian University 
Natural History Collection (ACUNHC), Abilene, Texas, 
USA; Museo de Zoología de la Pontificia Universidad 
Católica del Ecuador, Quito, Ecuador (QCAZ); Escuela 
Politécnica Nacional, Quito, Ecuador (MEPN), and Insti-
tuto Nacional de Biodiversidad, Quito, Ecuador (MECN; 
formerly known as Museo Ecuatoriano de Ciencias Na-
turales).

Anatomy, age criteria, and 
measurements

We followed the main concepts explained by Carleton 
and Musser (1989), Musser et al. (1998), Pacheco (2003), 
and Voss (1993) for the description of cranial anatomy. 
Our description of molar occlusal morphology was based 
on Reig (1977; upper and lower molars are identified as 
M/m, respectively). This study followed the terminolo-
gy and definitions employed by Tribe (1996) and Cos-
ta et al. (2011) for age classes and restricted the term 
adults to those categorized as having molar wear pattern 
3 and 4. We obtained the following external measure-
ments in millimeters (mm), some of them registered in 
the field and reported on specimen tags, others record-
ed from specimens stored in the museum cabinets: head 
and body length (HB), tail length (TL), hind foot length 
(HF, including claw), ear length (E), and body mass (W, 
in grams (gr). Cranial measurements were obtained with 
digital calipers, to the nearest 0.01 mm; we employed 
the following dimensions (see Tribe 1996; Voss 2003; 
and Musser et al. 1998, for illustrations): condylo-inci-
sive length (CIL), length of upper diastema (LD), crown 
length of maxillary toothrow (LM), length of incisive fo-

ramina (LIF), breadth of incisive foramina (BIF), breadth 
of rostrum (BR), length of rostrum (LR), length of na-
sals (LN), length of palatal bridge (LPB), breadth of first 
maxillary molar (BM1), breadth of bony palate (BBP), 
least interorbital breadth (LIB), zygomatic breadth (ZB), 
breadth of zygomatic plate (BZP), orbital fossa length 
(OFL), braincase breadth (BCB), depth of upper incisor 
(DI), bular breadth (BB), length of mandible (LMN), 
crown length of mandibular toothrow (LLM), and length 
of lower diastema (LLD).

DNA extraction, amplification and 
sequencing

We extracted DNA from tissues (liver and dry skin) of 
four specimens identified as Thomasomys aureus (MEPN 
6144, MECN 2720, MECN 2807, and MECN 5389). All 
genomic DNA was extracted using the guanidine thiocy-
anate protocol (Bilton et al. 1996). We amplified the gene 
cytochrome b (cyt b) using the forward primer MVZ05 
and reverse primers MVZ16H to obtain approximately 
500 to 1,000 base pairs. The thermal conditions for PCR 
are as described in Bonvicino and Moreira (2001).

Phylogenetic analysis

The sequences were edited in Geneious R11.5 (https://
www.geneious.com) and aligned with CLUSTALW (Lar-
kin et al. 2007). The evolutionary model for the analysis 
using Bayesian Inference (BI) and Maximum Likelihood 
(ML) were obtained using PartitionFinder 2.1 (Lanfear 
et al. 2016). For the Bayesian and Maximum Likelihood 
analysis, the best model was 1st position, 2nd position, 3rd 

position GTR+G+I. The BI analysis was carried out in 
the MrBayes V3.2 program (Ronquist et al. 2011), the 
BI analysis consisted of 2 independent runs, each with 4 
Markov chains (3 hot and 1 cold); 10 million generations 
were run, sampling every 1,000 generations. The first 
25% of trees were discarded as “burn-in” remaining trees 
were used to obtain the posterior probabilities (PP). The 
consensus tree was obtained using the 50% majority rule. 
Convergence was evaluated by the elective sample size 
(EES) and the potential scale reduction factor (PSRF). 
For most of the parameters the EES should be ≥ 200 and 
for the PSRF most of the values of the parameters should 
be between 1.0 and 1.2. The ML analysis was carried out 
in the IQ-Tree program (Trifinopoulos et al. 2016; http://
iqtree.cibiv.univie.ac.at). We included 30 sequences from 
different species of Thomasomys from the “aureus” group 
and some species from other groups of Thomasomys (Ap-
pendix 2). The genetic distances among species of the 
“aureus” group were calculated with MEGAX (Kumar et 
al. 2018), using the Kimura 2-parameter correction model 
(K-2P) and uncorrected distances (p-distances). This al-
lowed a comparison with the genetic distances obtained 
in other studies of the genus Thomasomys (Salazar-Bravo 
and Yates 2007; Lee et al. 2015, 2018; Brito et al. 2019, 
2021; Ruelas and Pacheco 2021).

https://www.geneious.com
https://www.geneious.com
http://iqtree.cibiv.univie.ac.at
http://iqtree.cibiv.univie.ac.at
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Results

Taxonomic accounts

The IB and ML analysis presented different topologies 
within the aureus group. The IB analysis failed to recover 
the monophyly of the aureus group because the sample 
DQ914653 (Thomasomys sp, Bolivia) was located outside 
the aureus group (Fig. 1A) forming a polytomy (PP=0.62) 
with other samples: (Thomasomys sp. + Thomasomys ka-
linowskii + notatus group + baeops group), while within 
the aureus group some interspecific relationships could 
not be resolved (Fig. 1A) [(Thomasomys sp.1 PE + T. 
apeco) + (T. praetor + T. antoniobracki + ((T. pyrrhono-
tus + T. auricularis)) + ((Thomasomys sp. “Cajanuma” + 
(T. aureus + T. pardignasi) + (Thomasomys sp. El Angel 
+ (T. sp. Pichincha + Thomasomys sp. Sangay)))]. In the 
ML analysis it was possible to recover the monophyly of 
the aureus group (Fig. 1B), where the main difference was 
the location of the sample DQ914653, (Thomasomys sp.1 
Bolivia) and the resolution of the relationships of the sam-
ples identified as T. aureus. (From different locations in 
Ecuador). The sample DQ914653 was located within the 
“aureus” group (BS=99; Fig. 1B): [(Thomasomys sp. 1 PE 

+ T. apeco) + (Thomasomys sp. 1 Bolivia + (T. antonio-
bracki + (((T. praetor + (T. pyrrhomotus + T. auricularis)) 
+ (T. sp. Cajanuma + (T. aureus + T. pardignasi) + (Thom-
asomys sp. El Angel + (T. sp. Pichincha + Thomasomys sp. 
Sangay))]. The IB and ML analyzes recovered the sam-
ples of T. pardignasi and T. aureus (all samples), within 
the same monophyletic clade (1.00/100, Fig. 2) named 
aureus, this clade presented five internal clades defined 
and supported (BS>70 / PP>0.90, Fig. 2): Thomasomys 
sp. Cajanuma, T. aureus, T. pardignasi, Thomasomys sp. 
El Angel, T. sp. Pichincha, and T. sp. Sangay. Samples of 
Thomasomys sp. El Angel (98/0.93) were located outside 
the clade formed between Thomasomys sp. Pichincha, and 
Thomasomys Sangay (95/0.85, Fig. 2). The genetic vari-
ation within the aureus group was 10.68% ± 0.64. While 
the interspecific variation was from 4% to 14% (Table 1). 
Within the aureus clade the variation between the internal 
clades was from 2% to 8% (Table 1).

The data presented in detail below suggest that the tax-
on discussed represents a new species. We provide below 
a description of the species, a comparison with other con-
geners and a discussion of their morphology and phylo-
genetic relationships. Relevant summaries of qualitative 
diagnostic traits variation are provided in Table 2 and Fig. 
3, respectively.

Figure 1. Phylogenetic tree of the species of the group aureus, of the genus Thomasomys, based on the mitochondrial gene cyto-
chrome b (cyt b). A Phylogenetic tree of Bayesian inference, the numbers represent the posterior probability values, PP>0.90 are 
considered high supports. B Phylogenetic tree of maximum likelihood, the numbers represent the bootstraps values, BS>70 are 
considered high supports.

http://www.ncbi.nlm.nih.gov/nuccore/DQ914653
http://www.ncbi.nlm.nih.gov/nuccore/DQ914653
http://www.ncbi.nlm.nih.gov/nuccore/DQ914653
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Table 1. Genetic distance in percentage (K-2P) between the described species of the Thomasomys aureus group. The values on the 
right represent the standard deviation.

Taxa 1 2 3 4 5 6 7 8 9 10 11 12
1 	 T. apeco 1.04 1.12 1.13 1.19 1.05 1.03 1.00 1.30 1.18 1.58 1.57
2 	 T. sp. 1 PE Cusco 10.88 1.00 0.99 1.11 1.12 0.96 1.06 1.14 1.12 1.55 1.50
3 	 T. praetor 11.42 10.99 0.93 0.97 1.05 1.06 1.02 1.09 1.09 1.50 1.19
4 	 T. antoniobracki 10.96 11.09 8.55 0.99 1.04 1.02 0.96 0.85 1.06 1.48 1.33
5 	 T. aureus 12.06 12.24 10.17 10.17 1.14 0.86 0.89 1.38 0.85 1.27 1.14
6 	 T. pyrrhonotus 11.53 12.54 10.37 9.65 9.91 1.02 1.00 1.34 1.09 1.45 1.52
7 	 T. burneoi sp. nov 10.72 12.48 10.41 8.88 4.69 9.47 0.44 1.10 0.72 1.06 1.04
8 	 T. sp. Pichincha 10.93 11.61 10.07 8.66 5.76 9.45 2.15 1.13 0.73 1.02 1.17
9 	 T. auricularis 11.17 11.64 8.42 5.86 9.74 8.15 10.07 8.78 0.81 1.74 1.43
10 	T. pardignasi 12.49 12.65 10.50 9.06 4.73 10.00 5.26 5.51 7.48 1.14 1.06
11 	T. sp. El Angel 13.34 12.60 10.53 11.41 7.42 10.77 4.05 4.67 5.45 6.30 1.26
12 	T. sp. Cajanuma 12.33 12.02 10.20 10.61 6.59 11.23 4.75 5.87 6.85 5.29 7.09  

Figure 2. Extension of the clade aureus of the phylogenetic tree of the aureus group. A Bayesian inference phylogenetic tree, 
numbers represent posterior probability values, PP>0.90 are considered high supports. B Maximum likelihood phylogenetic tree, 
numbers represent bootstraps values, BS>70 are considered high supports.

Figure 3. Scatterplots illustrating selected metric comparisons between Thomasomys burneoi sp. nov., with T. aureus and T. par-
dignasi.
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Taxonomy

Family Cricetidae Fischer, 
1817

Subfamily Sigmodontinae 
Wagner, 1843

Tribe Thomasomyini Steadman & 
Ray, 1982 
Genus Thomasomys Coues, 1884

Thomasomys burneoi sp. nov.

Thomasomys praetor: Lee et al. 2011:9; part no 
Thomasomys praetor (Thomas, 1900) Thomasomys 
princeps: Lee et al. 2015:10; part no Thomasomys 
princeps (Thomas, 1895)
Thomasomys aureus: Brito et al. 2019:9; par not 
Thomasomys aureus Tomes, 1860

Burneo’s Olfield Mouse
Ratón andino de Burneo (in Spanish)

http://zoobank.org/F47D0CE6-4E92-4712-9E8C-
95EA07A859FF

Holotype. MECN 5662 (field number 
JBM [Jorge Brito Molina] 1812), an adult 
female captured on August 18, 2017, by 
Jorge Brito, Jenny Curay, Rocío Vargas 
and Erika Beltrán, preserved as dry skin, 
skull, postcranial skeleton, and muscle 
and liver biopsies in 95% ethanol.

Paratopotype. MECN 5666 (JBM 
1822), an adult female collected next to 
the holotype, on August 18, 2017, by J. 
Brito, J. Curay, R. Vargas and E. Beltrán.

Paratype. ACUNHC 1548 (field num-
ber TEL 2394); 1560 (TEL 2378); QCAZ 
11937, adult male captured on July 20, 
2010, by Thomas Lee, Carlos Boada, and 
Amy Scott; QCAZ 11938 (TEL 2295), and 
adult male captured on July 29, 2010, by 
TEL at Provincia de Chimborazo, canton 
Guamote, Parque Nacional Sangay, Lagu-
nas de Atillo –2.17714° S, –78.5075° W, el-
evation 3,400 m. MECN 5259 (JBM 1409), 
an adult female collected on October 06, 
2016, by J. Brito, R. Vargas, G. Encarnación 
and J. Velastegui at canton Chambo, Parque 
Nacional Sangay, Cubillines –1.760633° S, 
–78.477092° W, elevation 3,900 m.

Type locality. Ecuador, Provincia de 
Morona Santiago, cantón Morona, par-
roquia Zúñac, Parque Nacional Sangay Ta
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(Sangay National Park), Laguna Negra –2.179672° S, 
–78.502919° W (coordinates taken by GPS at the site of 
collection), elevation 3,553 m).

Diagnosis. A species of Thomasomys from the aureus 
group described by the following character combina-
tions: large size (combined head and body length 167–

184 mm); postauricular patch present; wide metatarsal 
patch; hind foot large > 40 mm; M1 with broad and deep 
anteroflexus; additional anterior edge on procingulum of 
M1 present; M3 with metaflexus large and mesoloph dis-
tinctive; m1 with small and distinctive anterolophid; m1 
with ectolophid; m2–m3 with hypoflexid wide; m3 size 
equals m2.

Figure 4. Thomasomys burneoi sp. nov. (MECN 5259, para-
type), external appearance of an adult female alive in its natural 
habitat in the Cubillines, Sangay National Park, Ecuador. 

Figure 5. Dry skin in dorsal, ventral, and lateral views of Thom-
asomys burneoi, sp. nov. (MECN 5662, holotype). Scale bar = 
10 cm.

Table. 3. Weight (in grams) and measurements (in millimeters) of adult specimens of Thomasomys burneoi sp. nov. T. aureus. and 
T. pardignasi. Values of T. aureus and T. pardignasi were taken from Brito et al. (2021). See abbreviations in Material and methods.

T. burneoi  T. pardignasi  T. aureus

Voucher ACUNHC 
1548

ACUNHC 
1560

MECN 
5666

MECN 
5662

MECN 
5259  MECN 

5852
MECN 

5853  MEPN 
6144 

MECN 
074 

Sex M F M F F F F F M
Age 5 2 5 3 4 3 3 3 3
HB 183 128 184 172 167 145 137 120 165.5
TL 249 [137] 220 232 207 226 210 183 210.4
HF 42 40 41 43 41 35 38 37 34
E 25 24 28 27 25 23 21 24 23
W - - 160 105 111 68 63 72 -

CIL 40.8 32.49 40.13 38.28 39.18 33.1 32.21 32.72 36.57
ZB 22.33 18.78 22.3 22.04 21.81 19.5 19.5 19.28 19.94
LIB 4.78 5.12 5.47 5.16 5.13 5.1 5.33 5.17 5.12
LR 14.52 11.07 13.98 13.14 13.53 11.54 11.31 11.26 12.63
LN 17.41 13.22 16.74 14.53 15.01 13.47 12.27 12.52 15.26
BR 5.88 5.04 8.4 7.91 7.71 5.81 6.24 6.2 6.43

OFL 14.55 11.9 14.17 13.87 13.78 12.22 11.2 12.35 12.33
LD 11.9 8.86 11.94 10.87 10.94 9.1 8.82 8.98 9.94
LM 7.83 7.67 7.72 7.8 7.78 6.4 6.6 7.27 7.25
LIF 9.68 7.48 9.29 8.95 8.64 6.6 6.51 7.04 8.43
BIF 3.47 2.95 3.14 3.13 2.92 2.45 2.37 2.28 2.48
BM1 2.4 2.39 2.19 2.48 2.4 1.9 1.92 2.05 2.04
LPB 6.88 6.26 7.32 6.96 6.88 6.12 6.09 6.61 6.84
BPB 4.75 3.78 3.22 3.34 3.62 2.91 2.96 2.76 2.83
BB 5.65 5.12 5.59 5.43 5.5 4.71 4.87 4.95 5.07
DI 2.39 1.78 2.26 2.05 2.38 1.8 1.79 1.91 2.19

BZP 4.03 3.15 4.08 3.98 3.49 3.27 3.25 3.43 3.73
BCB 16.63 16.39 16.76 17.26 16.31 15.55 15.38 16.22 16.38
LMN 23.45 18.83 23.44 22.7 22.8 19.1 19.03 19.74 20.84
LLM 8.12 8.29 8.19 8.2 8.32 7.02 6.92 7.47 7.48
LLD 5.64 4.79 5.19 5.17 5.03  4.14 4.09  4.58 4.4



Vertebrate Zoology 72, 2022, 219–233 225

Measurements of the holotype (in mm). Head and 
body length = 172, Tail length = 232, Hind foot length 
= 43, Ear length = 27, Body mass = 105, Condylo-inci-
sive length = 38.28, Zygomatic breadth = 22.04, Least 
interorbital breadth = 5.16, Length of rostrum = 13.14, 
Length of nasals = 14.53, Breadth of rostrum = 7.91, Or-
bital fossa length = 13.87, Length of upper diastema = 
10.87, Crown length of maxillary toothrow = 7.8, Length 
of incisive foramina = 8.95, Breadth of incisive foramina 
= 3.13, Breadth of first maxillary molar = 2.84, Length of 
palatal bridge = 6.96, Breadth of bony palate = 3.34, Bul-
lar breadth = 5.43, Depth of upper incisor = 2.05, Breadth 
of zygomatic plate = 3.98, Braincase breadth = 17.26, 
Length of mandible = 22.7, Crown length of mandibular 
toothrow = 8.2, Length of lower diastema = 5.17. Exter-
nal and craniodental of additional specimens are present-
ed in Table 3.

Morphological description of the holotype and vari-
ation. Large body size (head and body length combined 
with a range between 128 and 184 mm). Cinnamon-brown 
dorsal fur (Fig. 4, 5), with a faint dark dorsal band; long 
hairs (medium length on the back = 18–20 mm) dark gray 
at the base. Light tan dark ventral coat, hairs with (me-
dium length = 10–12 mm) dark gray base, and pale yel-
lowish tips (Fig. 5). Black periocular ring. Postauricular 
patch present. Mystacial vibrissae long, thick at the base 
and remain thin towards the tip, exceeding the ear when 
they are tilted back; 1 superciliary vibrissae present and 
1 genal vibrissae present. Ears (between 24–28 mm from 
notch to margin) externally covered by short orange-
brown hairs, pale pink inner surface, dark pale brown 
margin. Large and wide foot (Fig. 6) with 5 digits ending 
in thin semi-curved claws. Long white ungueal tufts that 
slightly exceed the claws. Wide and brown metatarsal 
patch, that extends to the base of the phalanges. Plantar 

surface with 6 pads, including 4 interdigitals of similar 
size to each other (Fig. 6), slightly larger than hypothenar 
and with very small space between them. Digit I exceeds 
the base of digit II; digit II and III are the same size and 
slightly shorter than digit IV; digit V (apparently oppos-
able) reaches the beyond the middle of digit IV. Long tail 
(207–232 mm; ~127% of HB), ground cinnamon (color 
270) and unicolor; square flow scales with three hairs 
each, which extend over 2.5 to 3 rows of scales in the 
dorsal basal sector; with 12–13 scales per cm on the shaft. 
Hirsute tail, even to the rear, hair increasing in length to 
the apex of the tail. Protuberant anus prominent. Females 
present six mammary pairs in pectoral, abdominal and in-
guinal position (sensu Pacheco 2003). The details of soft 
and genitalia anatomy are unknown.

The cranium is large for the genus (38.2–40.13 mm 
of CIL). The rostrum is long, somewhat acuminate and 
narrow, with the nasal bones exceeding the anterior face 
of the incisors; poorly developed gnathic process (Fig. 7). 
Posterior margin of the nasal bone slightly exceeds the 
plane of the lachrymal bone. Moderately deep zygomatic 
notch (Fig. 8). Small and rounded lacrimal bones. Nar-
row interorbital region with poorly developed supraorbit-
al ridges, the alveolar maxillary processes well exposed 
in dorsal view. Supraorbital region with divergent poste-
rior borders (sensu Steppan 1995). Frontoparietal suture 
V-shaped. Broad and rounded braincase, slightly flattened 
at the outer edges. Large and concave exoccipital. In the 
lateral view, small nasolacrimal fissures can be seen in 
the rostral region and internally, no further development 
in the ethmoturbinals is distinguishable. Developed and 
oblique lambdoidal crest. Zygomatic arches sturdy and 
robust with jugals spanning a short segment of each mid-
arch but distinctly separating zygomatic processes of the 
maxillary and squamosal bones. Alisphenoid strut wide 
and robust. Carotid circulatory pattern type 2, derived 

Figure 6. Morphology of the dorsal and plantar surface of the right hind foot of: A, C Thomasomys burneoi (MECN 5666, paratype) 
and Thomasomys pardignasi (MECN 5852, holotype) and B, D Acronyms: I–V = digits, 1–4 = pads, h = hypothenar pad, t = thenar 
pad. Scales = 10 mm. 



Thomas E. Lee et al.: A new species of Thomasomys226

Figure 7. Dorsal, ventral and lateral view 
of the cranium, lateral view of the jaw, oc-
clusal view of the right upper and left lower 
toothrow of Thomasomys burneoi sp. nov. 
(MECN 5662, holotype) from Sangay Na-
tional Park, Ecuador. Scale = 10 mm. 

Figure 8. Composed figure illustrating selected differences in the cranial anatomy of Thomasomys burneoi, sp. nov. (MECN 
5662, holotype; left half cranium), T. pardignasi (MECN 5852, holotype; right half cranium A, C, and T. aureus sensu stricto 
(MEPN 6144; right half cranium B, D. Acronyms: if = incisive foramen, nl = nasolacrimal capsule, m = molars, mf = mesoptery
goid fossa, zn = zygomatic notches.
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(sensu Voss 1988); carotid canal large (Fig. 9), stapedial 
foramen and anterior alar fissure small. Postglenoid fo-
ramen narrower as the subsquamosal fenestra (Fig. 10); 
hamular process of squamosal thin, long, but without 
going beyond the edge on the mastoid capsule. Lightly 
square tegmen tympanic is superimposed over the sus-
pensory process of the squamous. Lateral expressions of 
parietals present (Fig. 10); bullae small and inflated; pars 
flaccida of tympanic membrane present, large; orbicular 
apophysis of malleus well developed, the manubrium of 
malleus is blade like with a cup at the distal end. Paraoc-
cipital process large. Hill foramen small; long and narrow 
incisive foramen with curved edges that subsequently ex-
ceed the plane defined by the anterior face of M1 (Fig. 7). 
Premaxillary capsule slightly widened in the middle and 
narrow at the ends, maxillary septum of incisive foramen 
robust and long. Short and narrow palate (sensu Hersh-
kovitz 1962), with the narrow mesopterygoid fossa that 
enters between the molars reaching the hypoflexus of M3 
or 50% of M3, without a medium process. Posterolateral 
palatal pit small and inconspicuous. Thin and inconspic-
uous sphenopalatine vacuities covered by the roof of the 
palate. The basisphenoid is wide, with a small ovale fora-
men and the middle lacerate foramen is narrow. Auditory 
bullae small and inflated with short and wide Eustachian 
tube. Petrosal little exposed (Fig. 9).

Dentary moderately short, robust, with long and wide 
coronoid process that exceeds the upper edge of the con-
dylar process, (Fig. 9); deep sigmoid notch. Semilunar re-
cess is symmetrical, whose lower edge is wide. Capsular 
projection of the root of the incisor small.

Opistodont incisors with orange front enamel; brachy-
dont and pentalophodont molars (sensu Hershkovitz 
1962). Maxillary molar rows parallel and hypsodont; cor-
onal surfaces crested; main cusps slightly opposite and 
sloping backwards when viewed from side. The outline 
of M1 is rectangular with procingulum divided by antero-
median flexus deep into subequal anterolabial and anter-
olingual conules; additional anterior edge on procingu-

Figure 10. Lateral views of the skulls of: A Thomasomys bur-
neoi sp. nov. (MECN 5662, holotype), B Thomasomys pardi-
gnasi (MECN 5852, holotype) and C T. aureus sensu stricto 
(MEPN 6144). 

Figure 9. Detail of the bulla in ventral view. A Thomasomys burneoi, sp. nov. (MECN 5662, holotype), B T. pardignasi (MECN 
5852, holotype), and C T. aureus sensu stricto (MEPN 6144). Acronyms: ab = auditory bulla, bet = eustachian tube, cc = carotid 
canal, me = mastoid exposure, pt = petrosal, sts = stapedial process of bulla.
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lum; narrow anteroloph; narrow mesoloph (Fig 11). M2 
is square in outline; mesoloph and posteroloph showing 
the same condition as in M1. M3 rounded in outline with 
narrow anteroloph; deep paraflexus; metaflexus large; 
mesoloph distinctive. Lower molars with main cusps 
alternated and sloping forward when viewed from side. 
First lower molar (m1) with anteromedian flexid that di-
vides the procingulum into subequal anterolabial and an-
terolingual conules; anterolophid distinctive; mesolophid 
narrow; ectolophid and ectostylid present (Fig. 11). Me-
solophid of m2 short and narrow; ectolophid absent and 
ectostylid present; hypoflexid wide (Fig. 11); m3 equals 
m2 in size; ectostylid present; hypoflexid wide.

Tuberculum of first rib articulates with transverse pro-
cesses of seventh cervical and first thoracic vertebrae; 
second and third thoracic vertebra with differentially 
elongated neural spine; thoracicolumbar vertebrae 19–
20, the 16–17th with moderately developed anapophyses; 
sacrals 4; caudals 42, with complete hemal arches; 13 ribs 
present.

Comparisons. Thomasomys burneoi sp. nov., apart from 
being large (Fig. 11; Table 2), differs from T. pardignasi 
Brito et al. (2021) (traits in parentheses) by dorsal uni-
form color (presenting a dim dark band on the back); back 
hairs of 18–20 mm (15.53); ventral hairs long, 10–12 mm 
(9.92 mm); long tail ~127% of HB (~152%); genal vibris-
sae 2 absent (genal vibrissa 2 absent). Craniodentally, 
qualitative differences between both species are conspic-
uous. M1 presents deep anteromedian flexus in T. burneoi 
(shallow); M1–M2 with narrow mesoloph (wide); M3 

with distintive mesoloph (indistinct); m1 with ectolophid 
(present in m1 and m2); m1–m2 with ectostylid (lack ec-
tostylid); m3 equals m2 (m3 is slightly shorter than m2).

Thomasomys burneoi sp. nov., differs from T. aureus 
(based on sensu stricto material, Brito et al. 2021) (traits 
in parentheses) by tail with 12–13 rows of scales per cm 
on the axis (16 scales); postauricular patch present (ab-
sent). Craniodentally, qualitative differences between 
both species are conspicuous. Additional anterior edge 
on procingulum of M1 present in T. burneoi (absent); 
M1 with narrow anteroloph (wide); M3 with distintive 
mesoloph (indistinct); m1 with distintive anterolophid 
(indistinct); m1 with ectolophid (absent); m3 equals m2 
(m3 is longer than m2). Further comparisons among all 
the recognized species of Thomasomys from the aureus 
group present in Ecuador are provided in Table 2.

Etymology. Named for Santiago F. Burneo, of the Pon-
tificia Universidad Católica del Ecuador, Quito, Ecuador 
in recognition of his teaching and support of mammalo-
gists both in Ecuador and the United States of America. 
The specific epithet is a noun in the genitive case formed 
by the addition of an “i” to the stem of the name. 

Distribution. Known only from Sangay National Park, 
Chimborazo Province and Morona Santiago Province, 
Ecuador, 3,400–3,900 m in elevation (Fig. 12). 

Natural history. Thomasomys burneoi sp. nov., has been 
recorded in the Altoandino floor (Albuja et al. 2012), 
in the montane evergreen forest plant formation in the 

Figure 11. Occlusal view of the right upper (A–C) and right lower (D–F) tooth row of: A, D Thomasomys burneoi sp. nov. (MECN 
5662, holotype), B, E Thomasomys pardignasi (MECN 5852, holotype) and C, F Thomasomys aureus (MEPN 6144). Acronyms: 
anf = anteroflexus, al = anteroloph/id, am = anterior mure, ec = ectostylid, hy = hypoflexid, mf = metaflexus, ml = mesoloph/id, ecl 
= ectolophid. Scale = 2.5 mm.
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southern Cordillera Oriental of the Andes (Ministerio 
Del Ambiente Del Ecuador 2013). According to the cap-
ture data, it is associated with primary elfin forests and 
páramo (Fig. 13), where the trees are covered by mosses 
and epiphytes. The specimens were generally collected 
on thick trunks or branches. In October (dry season), a 
pregnant female with an embryo was discovered. Thom-
asomys burneoi was found in sympathy with other small 
mammals Akodon mollis, Caenolestes sangay, Cavia pat-
zelti, Cryptotis montivagus, Microyzomys altissimus, M. 
minutus, T. baeops, T. cinnameus, T. hudsoni, T. paramo-
rum and T. taczanowskii.

Discussion

The genus Thomasomys evolved into 48 recognized taxa, 
and most of these species are endemic to the Andes (Pa-
checo 2015; Brito et al. 2019, 2021; Ruelas and Pacheco 
2021; this study). The genus seems to have diverged from 
a Cricetid ancestor about 6 mya when the Andes were 
raising to elevations that are conducive to the formation 
of cloud forests, paramo, and Polylepis forest ecosystems 
(Leite et al. 2014). Thomasomys is not common nor does 

Figure 12. Geographical distribu-
tion of Thomasomys burneoi sp. 
nov., and other species of the au-
reus group in Ecuador. Localities 
are listed in Appendix 1.

Figure 13. The habitat of a high 
Andean forest in Cubillines, San-
gay National Park where specimens 
of Thomasomys burneoi sp. nov. 
were found.
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the genus show great diversity below 2,500 m is elevation 
(Brito et al. 2021).

Based on molecular data T. burneoi falls into the T. 
aureus group (Fig. 1). This finding is not surprising be-
cause T. burneoi is a large member of the genus Thom-
asomys and shares morphological characters with this 
group. These characteristics include the large size and the 
orange-rufous color described above. Thomasomys bur-
neoi is sister taxa with some members some of T. aureus 
group (including the recently described T. pardignasi) 
from Pichincha and Carchi Provinces Ecuador (Brito et 
al. 2021; Fig. 1).

The distribution of T. burneoi is poorly known, but we 
do know that it occurs in Sangay National Park; the ele-
vation where these specimens were collected is around 
3,400–3,900 m on the eastern slope of the Andes along 
the Cordillera Real or Oriental (Fig. 10). The geology of 
the Lagunas de Atillo is the Tarqui Formation that consists 
of rhyodacitic pyroclastics and lavas (Longo and Baldock 
1982). The type and paratypes were caught in a heteroge-
nous habitat of mixed páramo and temperate forests (Fig. 
11). The páramo component consisted of grasses (Stipa 
ichu), Asteraceae, and Bromeliaceae (Puya). The forests 
were dominated by Polylepis trees and plants of the fam-
ilies Calceolariaceae, Passifloraceae, Fabaceae, Onagra-
ceae, Orchidaceae, Polypodiaceae (ferns), and Valeriana-
ceae (Lee et al. 2011). Poorly drained areas of the paramo 
had thick beds of mosses. These animals were caught on 
steep slopes or at the base of rock cliffs (Fig. 11). All of 
these habitats are in the vicinity of the Lagunas de Atillo 
and Cubillines which are deep, cold, oligotrophic, lakes 
with marshes of reeds along parts of their banks. In addi-
tion, we managed to acquirer specimens of Amblyopinus 
colombiae which are beetles that were found living on 
the skin of T. burneoi usually on the dorsum of the neck 
(Lee et al. 2011).

Recent expeditions to previously unexplored areas in 
Sangay National Park have resulted in the discovery of 
sanctuaries of diversity, from which numerous species 
new to science have been described (eg, Ojala-Barbour et 
al. 2013; Brito et al. 2017a, b; Páez and Ron et al. 2019). 
During the eighteen expeditions made to Sangay National 
Park (2009–2018), and despite the extreme logistical dif-
ficulties, it was possible to collect around 1,000 samples 
of mammals from ca. 120 taxa (Lee et al. 2011; Brito and 
Ojala-Barbour 2016; Brito in prep.), three of which were 
described as new (Caenolestes sangay Ojala-Barbour et 
al. (2013), Rhipidomys albujai Brito et al. (2017), and 
Thomasomys salazari Brito et al. (2019)) an additional 
four are also possibly new to science. Thomasomys bur-
neoi sp. nov. is just one example of the still overlooked 
Ecuadorian diversity.
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Appendix I 

Thomasomys sp. Pichincha (n=22). Pichincha, Lloa, Atacazo: MECN 
2711 (0°18′26.996″ S, 78°40′52.855″ W, 2,743 m), Solaya River: 
MECN 2720–21 (0°1′45.040″ S, 78°49′4.0872″ W, 2,527 m), Nono, Río 
Verde Cocha: MECN 2807 (0°,7′39.939″ S, 78°35′28.640″ W, 3,562 
m); Reserva Geobotánica Pululahua: MECN 5053, 5208 (0°1′12.9″ 
N, 78°29′35.29″ W, 3,190 m); Mejía, Tambillo Alto: MECN 5389 
(0°24′26.607″ S, 78°33′57.563″, 2,789 m). Cotopaxi, Reserva In-
tegral Otonga: QCAZ 2406 (0°25′8.04″ S, 79°0′14.04″ W, 2,000 m). 
Thomasomys sp. Cajanuma (n=1). Loja, Cajanuma, Parque Nacional 
Podocarpus: MECN (6369). Thomasomys sp. “El Ángel″ (n=14). Car-
chi, La Libertad, Bosque de Polylepis: MECN 3716, 3729, 3746–47, 
4374–75, MEPN 10486, 10645–46, 10774, 10871, 11706 (0°42′43.927″ 
N 77°58′53.90″ W, 3,600 m). Thomasomys aureus “Cajanuma” (n=1). 
Loja, Cajanuma, Parque Nacional Podocarpus: MN557127 (4°6′59.90″ 
S, 79°10′21.176″ W, 2,790 m). Thomasomys cf. T. aureus “Shucos” 
(n=1). Zamora Chinchipe, Shucos: QCAZ 13243 (3°49′14.987″ S, 
79°7′2.8626″ W, 2,923 m). 

Thomasomys aureus (n=6). Azuay, Molleturo: MECN 74 (2°49′0.0114″ 
S, 79°13′0.12″ W, 2,700 m), Mazan: MEPN 11090 (2°35′42″ 

S, 78°33′48.999″ W, 2,900 m), Laguna Toreadora: QCAZ 6011 
(2°46′48.828″ S, 79°13′25.319″ W, 3,920 m), Molleturo: MEPN 
10008 (2°50′5.9994″ S, 79°22′26.399″ W, 3,600 m). Bolívar, Cruz 
de Lizo, Tatahuazo River: MECN 6144 (1°43′11.99″ S, 79°0′0.00″ W, 
2,600 m). Cañar, Nazón: MEPN 6143 (2°40′11.99″ S, 78°,54′0″ W, 
3,050 m). Thomasomys auricularis (n=7). Azuay, Molleturo, Luspa: 
MECN 71 (2°48′43.963″ S, 79°16′4.5618″ W, 3,700 m), Laguna To-
readora: MECN 72, MZUA 197, QCAZ 6011, 6015 (2°46′0.5988″ S, 
79°13′23.041″ W, 4,000 m). El Oro, Salvias, Cerro de Arcos: MECN 
4686, 4696 (3°33′10.464″ S, 79°29′3.822″ W, 3,500 m). Thomasomys 
burneoi sp. nov. (n=5). Chimborazo, Chambo, Parque Nacional San-
gay, Cubillines: MECN 5259 (1°45′38.278″ S, 78°28′37.530″ W, 3,900 
m). Morona Santiago, Morona, Parque Nacional Sangay, Atillo: 
MECN 5662, 5666, QCAZ 11939–40 (2°10′46.819″ S, 78°30′10.508″ 
W, 3,553 m). Thomasomys pardignasi (n=3). Morona Santiago, Cor-
dillera de Kutukú: MECN 5852-53 (2°47′13.992″ S, 78°7′53.975″ W, 
2,215 m). Zamora Chinchipe, Río Blanco, Cordillera del Cóndor: 
MEPN 12053 (3°53′59.999″ S, 78°30′54″ W, 1,750 m). 
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Accession Number Identification
AF108679 Chilomys intans
KY366342 Rhipidomys albujai
KY366344 Rhipidomys albujai
HM594636 Rhipidomys emiliae
HM594628 Rhipidomys ipukensis
HM594659 Rhipidomys leucodactylus
HM594646 Rhipidomys macrurus
HM594643 Rhipidomys mastacalis

Appendix II 

We included 30 sequences from different species of Thomasomys from the “aureus” group and some species from other 
groups of Thomasomys:

Accession Number Identification
HQ634184 Rhipidomys wetzeli
MN557094 Thomasomys paramorum
MN557095 Thomasomys paramorum
MN557096 Thomasomys paramorum
MN557097 Thomasomys paramorum
MN557098 Thomasomys paramorum
DQ914643 Thomasomys andersoni
DQ914644 Thomasomys andersoni

http://www.ncbi.nlm.nih.gov/nuccore/MN557127
https://doi.org/10.1093/nar/gkw256
https://doi.org/10.1093/nar/gkw256
https://doi.org/10.5962/bhl.title.67399
http://www.ncbi.nlm.nih.gov/nuccore/AF108679
http://www.ncbi.nlm.nih.gov/nuccore/KY366342
http://www.ncbi.nlm.nih.gov/nuccore/KY366344
http://www.ncbi.nlm.nih.gov/nuccore/HM594636
http://www.ncbi.nlm.nih.gov/nuccore/HM594628
http://www.ncbi.nlm.nih.gov/nuccore/HM594659
http://www.ncbi.nlm.nih.gov/nuccore/HM594646
http://www.ncbi.nlm.nih.gov/nuccore/HM594643
http://www.ncbi.nlm.nih.gov/nuccore/HQ634184
http://www.ncbi.nlm.nih.gov/nuccore/MN557094
http://www.ncbi.nlm.nih.gov/nuccore/MN557095
http://www.ncbi.nlm.nih.gov/nuccore/MN557096
http://www.ncbi.nlm.nih.gov/nuccore/MN557097
http://www.ncbi.nlm.nih.gov/nuccore/MN557098
http://www.ncbi.nlm.nih.gov/nuccore/DQ914643
http://www.ncbi.nlm.nih.gov/nuccore/DQ914644
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Accession Number Identification
MW788413 Thomasomys antoniobracki
MW788412 Thomasomys antoniobracki
MW788416 Thomasomys apeco
MW788414 Thomasomys apeco
MW788415 Thomasomys apeco
MW788418 Thomasomys aureus
MW788417 Thomasomys aureus
MN557061 Thomasomys auricularis
MN557124 Thomasomys auricularis
MN557125 Thomasomys auricularis
DQ914645 Thomasomys australis
DQ914650 Thomasomys australis
KR818876 Thomasomys baeops
KR818877 Thomasomys baeops
KR818878 Thomasomys baeops
MN557062 Thomasomys bombycinus
KR818905 Thomasomys burneoi sp. nov
MN557075 Thomasomys burneoi sp. nov
MN557077 Thomasomys burneoi sp. nov
DQ914648 Thomasomys caudivarius
MN557059 Thomasomys caudivarius
MN557060 Thomasomys caudivarius
MN557126 Thomasomys caudivarius
KR818895 Thomasomys cinnameus
KR818896 Thomasomys cinnameus
KR818897 Thomasomys cinnameus
AF108673 Thomasomys daphne
DQ914649 Thomasomys daphne
KY754167 Thomasomys daphne
EU579476 Thomasomys erro
KR818901 Thomasomys fumeus
AF108674 Thomasomys gracilis
MN557076 Thomasomys hudsoni
MN557078 Thomasomys hudsoni
MN557079 Thomasomys hudsoni
AF108675 Thomasomys ischyurus
AF108678 Thomasomys kalinowskii
DQ914647 Thomasomys ladewi
DQ914652 Thomasomys ladewi
AF108676 Thomasomys notatus
AF108677 Thomasomys oreas

Accession Number Identification
MN557083 Thomasomys pardignasi
MN557084 Thomasomys pardignasi
MN557085 Thomasomys pardignasi
MW788421 Thomasomys praetor 
MW788419 Thomasomys praetor 
MW788420 Thomasomys praetor 
MW788424 Thomasomys pyrrhonotus
MW788423 Thomasomys pyrrhonotus
MW788422 Thomasomys pyrrhonotus
KR818888 Thomasomys salazari
KR818889 Thomasomys salazari
KR818890 Thomasomys salazari
KR818900 Thomasomys silvestris
MN557063 Thomasomys silvestris
MN557064 Thomasomys silvestris
MW788426 Thomasomys sp. 1 sensu Pacheco (2003)
MW788425 Thomasomys sp. 1 sensu Pacheco (2003)
DQ914653 Thomasomys sp. 1 sensu Pacheco (2003)
MN557127 Thomasomys sp. Cajanuma
MN557089 Thomasomys sp. El Angel
MN557090 Thomasomys sp. El Angel
KR818879 Thomasomys taczanowskii
KR818880 Thomasomys taczanowskii
KR818881 Thomasomys taczanowskii
KR818882 Thomasomys taczanowskii
KR818883 Thomasomys taczanowskii
KR818884 Thomasomys taczanowskii
KR818885 Thomasomys taczanowskii
KR818886 Thomasomys taczanowskii
KR818887 Thomasomys taczanowskii
MN557069 Thomasomys taczanowskii
MN557070 Thomasomys taczanowskii
MN557071 Thomasomys taczanowskii
MN557086 Thomasomys taczanowskii
KR818898 Thomasomys ucucha
KR818899 Thomasomys ucucha
MN557093 Thomasomys ucucha
KR818902 Thomasomys vulcani
KR818903 Thomasomys vulcani
KR818904 Thomasomys vulcani

http://www.ncbi.nlm.nih.gov/nuccore/MW788413
http://www.ncbi.nlm.nih.gov/nuccore/MW788412
http://www.ncbi.nlm.nih.gov/nuccore/MW788416
http://www.ncbi.nlm.nih.gov/nuccore/MW788414
http://www.ncbi.nlm.nih.gov/nuccore/MW788415
http://www.ncbi.nlm.nih.gov/nuccore/MW788418
http://www.ncbi.nlm.nih.gov/nuccore/MW788417
http://www.ncbi.nlm.nih.gov/nuccore/MN557061
http://www.ncbi.nlm.nih.gov/nuccore/MN557124
http://www.ncbi.nlm.nih.gov/nuccore/MN557125
http://www.ncbi.nlm.nih.gov/nuccore/DQ914645
http://www.ncbi.nlm.nih.gov/nuccore/DQ914650
http://www.ncbi.nlm.nih.gov/nuccore/KR818876
http://www.ncbi.nlm.nih.gov/nuccore/KR818877
http://www.ncbi.nlm.nih.gov/nuccore/KR818878
http://www.ncbi.nlm.nih.gov/nuccore/MN557062
http://www.ncbi.nlm.nih.gov/nuccore/KR818905
http://www.ncbi.nlm.nih.gov/nuccore/MN557075
http://www.ncbi.nlm.nih.gov/nuccore/MN557077
http://www.ncbi.nlm.nih.gov/nuccore/DQ914648
http://www.ncbi.nlm.nih.gov/nuccore/MN557059
http://www.ncbi.nlm.nih.gov/nuccore/MN557060
http://www.ncbi.nlm.nih.gov/nuccore/MN557126
http://www.ncbi.nlm.nih.gov/nuccore/KR818895
http://www.ncbi.nlm.nih.gov/nuccore/KR818896
http://www.ncbi.nlm.nih.gov/nuccore/KR818897
http://www.ncbi.nlm.nih.gov/nuccore/AF108673
http://www.ncbi.nlm.nih.gov/nuccore/DQ914649
http://www.ncbi.nlm.nih.gov/nuccore/KY754167
http://www.ncbi.nlm.nih.gov/nuccore/EU579476
http://www.ncbi.nlm.nih.gov/nuccore/KR818901
http://www.ncbi.nlm.nih.gov/nuccore/AF108674
http://www.ncbi.nlm.nih.gov/nuccore/MN557076
http://www.ncbi.nlm.nih.gov/nuccore/MN557078
http://www.ncbi.nlm.nih.gov/nuccore/MN557079
http://www.ncbi.nlm.nih.gov/nuccore/AF108675
http://www.ncbi.nlm.nih.gov/nuccore/AF108678
http://www.ncbi.nlm.nih.gov/nuccore/DQ914647
http://www.ncbi.nlm.nih.gov/nuccore/DQ914652
http://www.ncbi.nlm.nih.gov/nuccore/AF108676
http://www.ncbi.nlm.nih.gov/nuccore/AF108677
http://www.ncbi.nlm.nih.gov/nuccore/MN557083
http://www.ncbi.nlm.nih.gov/nuccore/MN557084
http://www.ncbi.nlm.nih.gov/nuccore/MN557085
http://www.ncbi.nlm.nih.gov/nuccore/MW788421
http://www.ncbi.nlm.nih.gov/nuccore/MW788419
http://www.ncbi.nlm.nih.gov/nuccore/MW788420
http://www.ncbi.nlm.nih.gov/nuccore/MW788424
http://www.ncbi.nlm.nih.gov/nuccore/MW788423
http://www.ncbi.nlm.nih.gov/nuccore/MW788422
http://www.ncbi.nlm.nih.gov/nuccore/KR818888
http://www.ncbi.nlm.nih.gov/nuccore/KR818889
http://www.ncbi.nlm.nih.gov/nuccore/KR818890
http://www.ncbi.nlm.nih.gov/nuccore/KR818900
http://www.ncbi.nlm.nih.gov/nuccore/MN557063
http://www.ncbi.nlm.nih.gov/nuccore/MN557064
http://www.ncbi.nlm.nih.gov/nuccore/MW788426
http://www.ncbi.nlm.nih.gov/nuccore/MW788425
http://www.ncbi.nlm.nih.gov/nuccore/DQ914653
http://www.ncbi.nlm.nih.gov/nuccore/MN557127
http://www.ncbi.nlm.nih.gov/nuccore/MN557089
http://www.ncbi.nlm.nih.gov/nuccore/MN557090
http://www.ncbi.nlm.nih.gov/nuccore/KR818879
http://www.ncbi.nlm.nih.gov/nuccore/KR818880
http://www.ncbi.nlm.nih.gov/nuccore/KR818881
http://www.ncbi.nlm.nih.gov/nuccore/KR818882
http://www.ncbi.nlm.nih.gov/nuccore/KR818883
http://www.ncbi.nlm.nih.gov/nuccore/KR818884
http://www.ncbi.nlm.nih.gov/nuccore/KR818885
http://www.ncbi.nlm.nih.gov/nuccore/KR818886
http://www.ncbi.nlm.nih.gov/nuccore/KR818887
http://www.ncbi.nlm.nih.gov/nuccore/MN557069
http://www.ncbi.nlm.nih.gov/nuccore/MN557070
http://www.ncbi.nlm.nih.gov/nuccore/MN557071
http://www.ncbi.nlm.nih.gov/nuccore/MN557086
http://www.ncbi.nlm.nih.gov/nuccore/KR818898
http://www.ncbi.nlm.nih.gov/nuccore/KR818899
http://www.ncbi.nlm.nih.gov/nuccore/MN557093
http://www.ncbi.nlm.nih.gov/nuccore/KR818902
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