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Abstract

In Colombia, seven species of small-eared shrews of the genus Cryprotis Pomel, 1848 have been reported, and five of
them endemic to the country. Here, we present the first confirmed record from Colombia of Cryptotis niausa Moreno
Cardenas & Albuja, 2014, a species that was previously known from only nine localities in Ecuador. The Colombian
record comes from the Departamento de Narifio, in extreme southwestern Colombia, and it is supported by morphology
and cytochrome-b gene evidence. This record increases to eight the number of species of Cryptotis from Colombia.
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Introduction

The recognized diversity of small-eared shrews of genus
Cryptotis Pomel, 1848 (Eulipotyphla, Soricidae) in South
America has increased in the last 30 years, with the
description of at least 10 of the 17 currently recognized
species (Noguera-Urbano et al. 2019). Colombia holds the
highest diversity (seven species; Noguera-Urbano et al.

2019), followed by Venezuela (six species; Quiroga-Car-
mona and DoNascimiento 2016), Ecuador (four species;
Moreno Cardenas and Albuja 2014; Zeballos et al. 2018),
and Peru (three species; Moreno Cardenas and Albuja
2014; Zeballos et al. 2018). In Ecuador, three species of
Cryptotis are endemic to the country: the Ecuadorian

©The authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.
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Small-eared Shrew, Cryptotis equatoris (O. Thomas,
1912), the Northern Ecuadorian Small-eared Shrew,
C. niausa Moreno Cardenas & Albuja, 2014, and the
Osgood’s Small-eared Shrew Cryptotis osgoodi (Stone,
1914) (Moreno Cardenas and Albuja 2014; Zeballos et
al. 2018). However, the presence of C. equatoris and C.
niausa is expected in Colombia, because of the vegeta-
tion similarities and the lack of geographic or other eco-
logical barriers between the Andean part of southwestern
Colombia and northern Ecuador (Ramirez-Chaves and
Noguera-Urbano 2011; Noguera-Urbano et al. 2019).

Cryptotis niausa is currently known from nine local-
ities in the Ecuadorian provinces of Carchi, Napo, and
Pichincha, ranging in elevational from 2,865 to 3,910 m
a.s.l. (Moreno Cardenas and Albuja 2014; Zeballos et al.
2018), with an estimated Extent of Occurrence (EOO)
of 5,036 km? (Roach and Naylor 2020). It is among the
largest Cryptotis (head and body length: 74—89 mm;
condylo—basal length: 21.8-23.7 mm), and it can be dif-
ferentiated by its size, cranial and dental characters,
and genetic data (Moreno Cardenas and Albuja 2014;
Zeballos et al. 2018). The species is currently listed as
Data Deficient by the International Union for Conser-
vation of Nature because of the lack of information on
population or threats (Roach and Naylor 2020). To con-
tribute to the knowledge of this little-known species,
we present the first record of C. niausa from the Andes
of southwestern Colombia based on morphological and
genetic data.

Methods

The first confirmed record of Cryptotis niausa from
Colombia is based on a single specimen found dead in
the Department of Narifio, southwestern Colombia in
March 2020. The specimen was preserved in ethanol
(70%) with the skull removed and cleaned. The speci-
men is deposited at the Museo de Historia Natural de la
Universidad de Caldas (MHN-UCa) in Manizales, Cal-
das, Colombia. To identify the specimen, we followed the
taxonomic keys and descriptions suggested by Woodman
and Péfaur (2008), Moreno Cardenas and Albuja (2014),
and Zeballos et al. (2018). We also took the following
external and cranial measurements to the nearest 0.01
mm using digital calipers (Table 1), including head and
body length (HB), tail length (TL) hind foot length (HF),
and 20 craniodental measurements including: condylo—
basal length (CBL), cranial breadth (CB), breadth of
zygomatic plate (ZP), interorbital breadth (I0), breadth
across first unicuspids (U1B), breadth across third uni-
cuspids (U3B), breadth across second molars (M2B), pal-
atal length (PL), length of upper toothrow (TR), length
of unicuspid toothrow (UTR), length of molariform
toothrow (MTR), posterior width of M1 across hypo-
cone and metastyle (WM1), length of mandible (ML),
maxillary row length (MRL), height of coronoid process
(HCP), height of coronoid valley (HCV), height of artic-
ular condyle (HAC), distance from the articular condyle
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to the posterior edge of third lower molar (AC3), length
of first lower molar (Lm1), and length of lower molar row
(TRD). We also took body mass (W) in grams. In addi-
tion, we performed DNA extraction from liver tissue
preserved in 70% ethanol (stored at room temperature)
using Wizard® Genomic DNA Purification kit (Promega
Corporation) following the protocol proposed by the
manufacturer. We amplified the sequence by Polymerase
Chain Reaction (PCR), using mitochondrial marker
cytochrome b (cyt b; =1140 pb) gene. Primers used in
DNA amplification are LGL 765 5-GAAAAACCAY-
CGTTGTWATTCAACT-3' (Bickham et al. 1995) and
LGL 766 5-GTTTAATTAGAATYTYAGCTTTGGG-3'
(Bickham et al. 2004). The products were visualized
by electrophoresis in 1% agarose gels with a molecular
weight marker (1IKb) and 5% running buffer. To ensure
the quality of the DNA fragments obtained, we quanti-
fied them by fluorometry on a Quantus Fluorometer™
(Promega®), and sent to Macrogen Inc. (South Korea)
for DNA purification and sequencing. The sequence
obtained was edited in the Geneious Prime v. 2019.2.3
program. To verify the correct identity of the sequence, it
was searched by Blast against the public databases, and
we downloaded sequences of closely related taxa avail-
able in GenBank and reported by Zeballos et al. (2018).
We used 112 sequences of cytochrome b gene in total
using Blarina brevicauda (Say, 1823), Blarinella qua-
draticauda (Milne-Edwards, 1872), and Episoriculus
leucops (Horsfield, 1855) as outgroups (Supplemen-
tal data). The sequences were aligned using Clustal W
(Thompson et al. 1997), included in the program MEGA
X (Kumar et al. 2018); furthermore, we selected the best
substitution model for the gene. We selected the Akaike
Information Criterion (AIC) values for the maximum
likelihood analysis, with PhyML 3.0 online execution
(Guindon et al. 2010). The poisson tree processes (PTP)
model identifies putative species boundaries on a given
phylogenetic input tree (Zhan et al. 2013). The input tree
was obtained by an updated version of the original maxi-
mum likelihood PTP (maximum likelihood PTP search
result is part of the bPTP results), which adds Bayesian
support (BS) values to species delimited on the input tree
and displayed in FigTree v. 1.3.1 (Rambaut and Drum-
mond 2010). A higher BS value (close to 1) on a species
level node indicates that all descendants from this node
are more likely to belong to a single species. Genetic
distances were estimated with the Kimura 2 parameters
evolution model (K2P; Kimura 1980) with the software
MEGA.

We compiled all available localities in the literature
(Table 2) to update the distribution (Moreno Cardenas
and Albuja 2014; Zeballos et al. 2018). We estimated
the species EOO using the minimum convex polygon in
GeoCAT (Bachman et al. 2011). Finally, we calculated
the distribution area and list of the terrestrial biomes and
ecoregions that C. niausa inhabits (Olson et al. 2001).
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Figure 1. Skull of Cryptotis niausa (MHN-UCa-M 3298) from the Departamento de Narifio, Colombia. A. Ventral view. B. Dorsal view. C.
Lateral view. D. Details of the mandible. Note the posterior edge of the lower incisor that does not exceed p4 (arrow in D) which has been

suggested as a diagnostic character of C. niausa. Scale bars: 10 mm.

Results

Cryptotis niausa Moreno Cardenas & Albuja, 2014

New record. COLOMBIA — Departamento de Narifio
* Municipality of Guachucal, Los Capotes, “Resguardo”
Muellamues”, Laguna La Bolsa; 00°5739"N, 077°48'
54"W; 3,437 m elev.; 13.111.2020; Daniela Velasquez G.
leg.; found dead on a hiking trail near to La Bolsa Lake;
GenBank accession code: MW584267; 1 ¢, fluid preser-
ved (alcohol 70%), with skull removed (Fig. 1), MHN-U-
Ca-M 3298.

Identification. MHN-UCa-M 3298 presents a general
greyish coat color, which is almost uniform dorsally and
ventrally. The coat is approximately 90% light neutral
gray, and the tips are generally olive brown. The belly
coat is almost entirely dark neutral gray, and the apical
portion has a clay color, accentuating a yellowish-brown
color throat and chest. A combination of additional
external traits that match those of C. niausa include the
large body (HB: between 74 and 89 mm; Table 1). The
tail is short, with 42% in size relation of the HB length,
generally dark gray, covered with barely visible scales
with short whitish-gray hairs. Cranially, the specimen
MHN-UCa-M 3298 presents the posterior border of the
palatine well separated from the posterior cingulate of
the upper third molars and slightly arched (Fig. 1A). The
face is moderately long (PL/CBL= 44%) and narrow
(M2B/CBL = 27.4%), with a narrow nasal opening and a
narrow interorbital region (Fig. 1B). The zygomatic plate
is narrow relative to the CBL. The unicuspid row is short
and narrow; U4 is small, generally less than or equal to
half the area occupied by U3, but visible laterally on the
skull. U3 is aligned with the other unicuspids, preventing

contact between U3 and P4, and the protocone of P4 is
slightly extended lingually (Fig. 1C). The mandible is
long (ML= 7.3 mm), with short coronoid process (HCP/
ML = 63%) and oriented towards the labial side of the
jaw. The articular condyle is high (HCA/LM = 60.3%);
the lower incisors measure an average of 4.4 mm and
their posterior borders do not reach the level of the poste-
rior border of the p4 (Fig. 1D). The 1,044 bp cytochrome
b sequence [MW584267] showed a 99.0-99.6 % identity
and genetic distance of 0.4% with C. niausa sequences
from Ecuador [MH352624, MH352625, MH352629].

The best evolutionary model was GTR+G+I for cyto-
chrome b. The gene tree constructed using maximum
likelihood PTP and species nodes were well supported
(Fig. 2 and Supplemental data). Cytochrome b sequences
of C. niausa from Ecuador and Colombia were grouped
in a clade with 100% bootstrap support. Cytochrome b
distances at the intraspecific level ranged between 0.0
and 2.0% in all species of genus Cryptotis, included C.
niausa with an intraspecific distance between 0.0 and
0.4% (Maximum likelihood partition support = 0.866).
Interspecific divergence of the 26 species of Cryptotis
included in this study ranged between 1.6% and 18.8%
(Table 3).

Distribution update. The new record from Colombia
was found in a locality dominated by high Andean for-
ests and grasslands close to paramo (Espeletia pycno-
phylla Cuatrec.) vegetation that are part of the Northwest
Andean Montane Forests ecoregion. The locality records
of C. niausa in Ecuador (nine localities) are part of two
ecoregions, the Northwest Andean Montane Forests and
the Northern Andean Paramo (Fig. 3). Three localities of
the Northern Andean Paramo are close to the limits of
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Table 1. Cranial and external measurements of Cryptotis niausa from Colombia (MHN-UCa-M 3298), and C. niausa, C. equatoris, and C.
osgoodi from Ecuador. Mean and standard deviation (range). Measurements from Ecuador were taken from Moreno Cardenas and Albuja
(2014; column A), and Zeballos et al. (2018; column B). Abbreviations are explained in the text.

Taxon Cryptotis niausa C. osgoodi C. equatoris
Measurement Colombia A B A B A B
HB 79 81.0+43 71.7£10.52 76.7+5 68.7£9.55 745+6.2 65.73 +£9.20 (56.2-
(74-89) 15 (54.5-93) 15 (70-83)7 (54-76)7 (63.8-86) 8 76)3
HF 15.7 13.3+£0.8 14.7 £1.02 13107 13.67 +1.15 (12.0- 13.6£1.1 13.47 £1.36(12.4-
(12-15)9 (13.4-17.4) 15 (12-14)7 15.0)7 (12.7-16) 8 15.0)3
L 35 340+24 35.5+3.06 303+2.8 29.9+3.58 36.2+2.0 31.87 +£1.85 (30—
(29.8-37)9 (30-40.8) 14 (26-33)7 (24-35)7 (33.7-40) 8 337)3
w 15 — 144+£179 — 8.64+2.88(6-13)7 — 9.53+0.72(8.7-10)3
(12-17)15
(BL 22.6 226+0.7 21.21+0.45 — 19.67 +0.75(18.23— 213+03 20.32+0.28 (20.10—
(21.8-23.7)15 (20.77-21.85) 5 20.65)7 (21-21.95) 8 20.63)3
(B 9.7 10.7 +£0.3(10.35— 10.38£0.34 9.8+04 9.54+0.46 103+£04 9.86+0.46 (9.38—
11.35) 15 (9.96-10.91) 5 (9.15-10.25)9 (8.74-10.14) 7 (9.75-10.85) 8 10.29)3
yid 25 1.9+03 2.00+0.17 1901 2.26+0.15 2201 3(2.19-2.38)3
(1.3-2.2) 15 (1.75-2.13) 5 (1.74-2.1) 12 (2.03-2.48)7 (2.16-2.35)9 2301
10 5.01 55+0.2 4.86+£0.15 54+0.2 4.67+0.26 5.6+0.2 3(4.70-4.94)3
(5.2-5.85) 15 (4.63-5.02) 5 (4.9-5.6) 12 (4.27-4.99)7 (5.33-5.94)9 4.86+0.14
U1B 2.65 25+03 2.55+0.16 2501 246+0.13 2601 244+0.20(2.21-
(1.8-2.8) 15 (2.3-2.74) 5 (2.3-2.6)12 (2.33-2.60) 7 (25-2.7)9 2.59)3
U3B 2.98 3.0+0.2 3.35+0.32 29+0.2 2934031 3.0+0.2 2914017 (2.81-
(25-3.23)15 (3.13-3.68) 5 (2.7-3.15)12 (2.60-3.38) 7 (2.8-3.35)9 3113
M2B 5.78 6.2+0.2 579+0.7 58+0.1 5.65+0.12 6.1£03 5.95+0.24(5.79-
(5.86-6.46) 15 (5.43-6.13) 5 (5.5-5.97) 12 (5.49-5.85) 7 (5.7-6.5)9 6.22)3
PL 8.82 9.8+03 9.56+0.17 89+04 8.74+£0.46 93+0.2 8.98+0.21(8.80—
(9.22-10.29) 15 (9.37-9.79) 5 (8.0-9.5) 12 (7.91-9.32)7 (9-9.65) 9 9.21)3
TR 8.60 7.98 +£0.40 — 772+0.22 — 8.08 +0.25 (7.79—
(7.49-8.55) 5 (7.32-7.98)7 8.25)3
UTR 243 27603 2.66 +0.08 26+0.2 2.69+0.35 2601 2.55+0.22 (2.30-
(2.0-3.07) 15 (2.57-2.78) 5 (2.2-2.9)12 (2.34-3.18)7 (2.5-2.75)9 2.68)3
MTR 6.29 5.65+0.37 541£015 5.79+0.26 (5.49-
(5.11-5.99) 15 (5.14-5.61) 7 597)3
MRL 9.25 8.5+03 77+03 8.1+0.2
(8.08-9.0) 15 (7.15-8) 12 (7.86-8.35)9
WM1 1.83 — 1.30+£0.14 — 1.60£0.14 — 1.76 £0.15
(1.19-1.54) 15 (1.42-1.80) 7 (1.59-1.87)3
ML 795 74103 7.32£0.57 6.70.1 6.62+0.48 71£0.2 6.84+0.21
(6.73-8) 15 (6.84-8.28) 5 (6.6-7.0) 12 (5.95-7.35) 7 (6.98-7.58) 9 (6.65-7.06) 3
HCP 473 450+0.16 43+0.1 4.09+0.15 45+0.2 448+0.16
(4.22-4.61)5 (41-4.6)12 (3.89-4.30)7 (4.21-4.67)9 (4.33-4.65)3
HCV 3.18 31+03 3.21+0.38 27+0.1 276 £0.12 3.0+0.1 284013
(2.75-3.8) 15 (2.88-3.86) 5 (2.52-2.92) 12 (2.50-2.87)7 (2.87-3.1)9 (271-2.79) 3
HAC 4.51 44+0.2 4.00£0.09 3.8+0.2 3.59+0.26 4001 3.93+0.94
(4-4.7)15 (3.89-4.09)5 (3.5-4) 12 (3.24-410)7 (3.8-4.24)9 (3.66-4.13) 3
AG 5.93 — 546+0.34 — 4.82+£0.40 — 5.61+0.19
(5.13-6.0) 5 (4.41-5.39)7 (5.44-5.82)3
TRD 6.77 6.37+£0.21 5.89+0.21 5.90+0.32
(6.11-6.67) 5 (5.56-6.16) 7 (5.59-6.23) 3
Lm1 176 20+0.1 1.90£0.10 19401 1.86 £0.09 2001 1.90 +0.04
(1.72-2.15) 15 (1.74-2.0) 5 (1.87-2.05) 12 (1.74-2.0)7 (1.9-2.1)9 (1.86-1.93) 3

the Eastern Cordillera Real Montane Forests (Fig. 3). The
estimated EOO for both countries is 3,850 km?.

Discussion

We confirmed the presence of Cryptotis niausa in
Colombia, extending the known distribution of this spe-
cies 28.3 km north from the closest record in Ecuador
(Moreno Cardenas and Albuja 2014; Zeballos et al. 2018).
This finding also confirms previous statements that
the diversity of shrews in Colombia is underestimated

(Noguera-Urbano et al. 2019). With our record, C.
niausa is currently known from 10 localities (Table 2)
and two ecoregions (Fig. 3), the Northwest Andean Mon-
tane Forests (Colombia and Ecuador) and the Northern
Andean Paramo (Ecuador). Both ecoregions are shared
by Colombia and Ecuador (Olson et al. 2001); therefore,
the northern and southern distributional limits are almost
certainly within these two countries. The northern limits
of the distribution of C. niausa in Colombia are unclear
but might be limited to the Macizo Colombiano (Colom-
bian Massif). The Macizo Colombiano is an orographic
complex region of the Andes of southwestern Colombia
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Figure 2. A summary of the maximum likelihood phylogram based
on the DNA sequence data set of 26 Cryptotis species using 1,440
positions for the cytochrome b gene. Scores are bootstrap support
values from the maximum likelihood analysis. New sequence of C.
niausa reported in this study and all sequences of Cryptotis species
reported for Colombia are shown in bold. A detailed tree including
additional individuals of each species and other external groups is
shown in Supplemental Fig. S1.
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where the two cordilleras in Ecuador constitute a sin-
gle mountainous massif (Noguera-Urbano 2016). At the
northern end of the Macizo Colombiano, the climate is
dry (upper tropical to subtropical), acting as a barrier to
temperate-zone mammals (Hershkovitz 1982). This area
has been suggested as the boreal limit of the distribution
of other mammals such as Culpeo, Lycalopex culpaeus
(Molina, 1782), and Hog-nosed Skunk, Conepatus semi-
striatus quitensis (Humboldt, 1812) (Hershkovitz 1982;
Voss 2003; Ramirez-Chaves and Noguera-Urbano 2011;
Noguera-Urbano et al. 2016). The southern distributional
limits might reach the southern border of the Northwest
Andean Montane Forests in the Andean part of the Prov-
ince Zamora Chinchipe in Ecuador. Fieldwork should
be done to explore both northern and southern limits of
the distribution of C. niausa. On the other hand, the esti-
mated EEO including the new record from Colombia is
also lower (3,850 km?) than previous values estimated
only for Ecuador (5,036 km?) (Roach and Naylor 2020).
Based only on EOOQ, this species might be Endangered;
however, severe fragmentation or continuing declines
and extreme fluctuations are unknown.

Our molecular phylogenetic results and the genetic
distances also corroborates the presence of C. niausa in
Colombia (Fig. 2). Molecular information of shrews from
Colombia is limited, with only four of the eight Cryptotis

77"0['0"W

76°0'0"W

1°0'0"N

0°0'0"
1

i

Ecoregions
Eastern Cordillera Real Montane Forests

Northern Andean Paramo

Northwestern Andean Montane Forests

Figure 3. Updated distribution of Cryptotis niausa in Colombia and Ecuador. New records (red star) based on the specimen MHN-UCa-M
3298. Localities from Ecuador in the literature (black dots). The number of each locality is shown in Table 1.
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Table 2. Locality records of Cryptotis niausa in Colombia and Ecuador. Abbreviations are: MEPN: Museo Escuela Politécnica Nacional (Ecua-
dor), MECN: Museo Ecuatoriano de Ciencias Naturales (Ecuador), MHN-UCa: Museo de Historia Natural, Universidad de Caldas (Colombia),
QCAZ: Museo de la Pontificia Universidad Catdlica del Ecuador (Ecuador). Localities from Ecuador were obtained from Moreno Cardenas
and Albuja (2014). The ecoregions followed Olson et al. (2001) and are: NAMF: Northwest Andean Montane Forests, NAP: Northern Andean

Paramo.
Country Locality Ecoregion Eleva- Latitude Longitude Reference
tion (m)
Colombia  Narifio: Guachucal, Laguna La Bolsa, Los Capotes NAMF 3437 00.9441  —077.8150  MHN-UCa-M 3298; this study
Ecuador  Carchi: Pdramos del Azuay NAP 3910 00.7500 —077.9833  MEPN 280
Ecuador  Carchi: Lagunas de “El Voladero” NAP 3700 00.7300 —077.9030  MEPN 9791, QCAZ 2309
Ecuador  Carchi: Paramos del Angel NAP 3600 00.7207 —077.9429  MEPN 9790
Ecuador  Carchi: Quebrada Tunguetan NAMF 2865 00.6438 —077.7238  QCAZ3520
Ecuador  Carchi: Paramos de la Reserva Ecoldgica Guanderas NAP 3500 00.6000 —077.6666 MEPN
Ecuador  Carchi: Huaca, Estacion Bioldgica Guandera NAMF 3400 00.6280 —077.6871  MEPN 10617
Ecuador  Pichincha: Rio Palobillo, Itulcachi NAMF 3800 —00.2677 —078.3122 MEPN 283
Ecuador  Napo: Papallacta, “La Virgen” NAP 3700  —00.3580 —078.1914  MEPN 9627 [holotype], MEPN 9628, 9832, 9833, 10613, 10615
Ecuador  Pichincha: Parque Nacional Cayambe-Coca, Sector de San Marcos NAP 3560 001171 —077.9635  MEPN 12569
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