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The first record of Episoriculus umbrinus from Vietnam,
with notes on the taxonomic composition of Episoriculus
(Mammalia, Soricidae)

Alexei V. Abramov*, Anna A. Bannikova, Daria M. Chernetskaya,
Vladimir S. Lebedev, Viatcheslav V. Rozhnov

ABSTRACT. The mitochondrial cytochrome b and nuclear ApoB and RAG2 genes were used to estimate
the phylogenetic relationships in Asiatic red-toothed shrews (Soricidae, Episoriculus). Based on molecular
data, the genus Episoriculus seems to consist of at least seven valid species: E. baileyi, E. caudatus, E.
leucops, E. macrurus, E. sacratus, E. soluensis, and E. umbrinus. Genetic distances among all of them are
found to be of 8-16%, with the only low distance (3.4%) being that between E. baileyi and E. leucops.
Taiwanese shrew E. fumidus shows high genetic divergence (16—17% for cytb) from other species of
Episoriculus. Based on both genetic and morphological data it should be attributed to a separate new genus
Pseudosoriculus gen.n. Episoriculus umbrinus was found in Lao Cai Province, representing a new species
record for the fauna of Vietnam; morphology-based diagnosis of this specimen has reliably been confirmed
by molecular data.
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lNepBasa Haxogka Episoriculus umbrinus Bo BbeTHame, ¢ 3amMeTKkamu
no TakcoHomMu4yeckomy coctaBy Episoriculus (Mammalia, Soricidae)

A.B. A6pamoB*, A.A. BaHHukoBa, [1.M. YepHeukas, B.C. Jle6epeB, B.B. PoxHoB

PE3IOME. Muroxounnpuanshslii (cytochrome b) u sinepusie (ApoB nu RAG2) mapkepbl ObUIH UCIIONIB30Ba-
HBI JJI8 OLEHKH (MIIOTEHETHYECKHX CBs3€d B TpyIIe BOCTOYHO-a3MaTckux OyposyOok(Soricidae,
Episoriculus). TTo MOJIEKYSIPHBIM TaHHBIM, poJi Episoriculus BKIIIOYAET HE MCHEE CEMU BAJIU/HBIX BUIOB:
E. baileyi, E. caudatus, E. leucops, E. macrurus, E. sacratus, E. soluensis u E. umbrinus. I eHeTHaeckue
JTUCTAHIINH MKy HUMH COCTaBIITIOT 8—16%, 3a uckimouenneM E. baileyi u E. leucops, TUCTaHITUS MEXTY
KoTopbiME Bcero 3.4%. TaiiBanbckass Oypo3yOka E. fumidus 3HAYUTEIIBHO OTIHUYACTCS OT OCTAIbHBIX
BUIOB Episoriculus (reHetudeckass nuBepreHmnuto mo cytb 16-17%). Ha ocHOBaHWU TeHETHYCCKUX W
MOP(hOJIOTHYCCKUX JAHHBIX OHA BBIJCIICHA B OTICIBHBIA HOBBI poJ Pseudosoriculus gen.n. Episoriculus
umbrinus Obu1 0OHapyxeH B mpoBuHIK Jlao Kaif u sBisieTcst HOBBIM BHIOM Uit (ayHbl BbeTHama;
npexHsist Mopdoaorunyeckasi HACHTH(GUKAIMS ITOTO IK3EMILISIpa IOCTOBEPHO MOATBEPXK/ICHA MOJICKYJISIP-
HBIMH JIAHHBIMH.

KIIKOUEBBIE CJIOBA: Episoriculus umbrinus, BbeTHam, pactipocTpaHeHUE, TAKCOHOMUS, Pseudosoriculus
gen.n.

* Corresponding author
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Figure 1. Distribution of Episoriculus caudatus s. lato: 1 — E. caudatus and E. soluensis; 2 — E. umbrinus; 3 — E. sacratus;
4 — records of “E. caudatus” after Hoffmann & Lunde (2008); 5 — specimen ZIN 96263, northern Vietnam. The type

localities are indicated as asterisks.

Introduction

Asian red-toothed shrews of the Soriculus group are
among of the poorly studied taxa of the tribe Nectogali-
ni Anderson, 1879 (Lipotyphla, Soricidae). Shrews of
this group are widely distributed in Asia— from north-
ern China, southward to northern Vietnam and Myan-
mar, and from Kashmir to Taiwan (Hoffmann, 1986).
Earlier, Soriculus Blyth, 1854 was treated in a broad
sense and also included Episoriculus Ellerman et Morri-
son-Scott, 1966 and Chodsigoa Kastchenko, 1907 as the
subgenera/synonyms (Hoffmann, 1986; Corbet & Hill,
1992; Motokawa & Lin, 2005). Only recently these taxa
were given a full generic rank (Hutterer, 2005; Motoka-
wa et al., 2008, 2009; He et al., 2010). The distinctions
between these genera involve differences in the shape of
articular facets of the mandible, the amount of brownish
dental pigmentation, the number of upper unicuspid teeth,
and the relative proportions of teeth, forefeet and tail
(see Hoffmann, 1986). Phylogenetic relationships be-
tween genera of the Soriculus s. lato, as inferred by
previous genetic studies, remain somewhat ambiguous,
and the genus Episoriculus was found to be polyphylet-
ic (Ohdachi et al., 2006; Dubey et al., 2007; He et al.,
2010). Soriculus consists of one species, S. nigrescens
(Gray, 1842), whereas the taxonomic content of Epi-
soriculus and Chodsigoa vary in different checklists.
According to Hutterer (2005), there are eight species in
Chodsigoa and four in Episoriculus.

Based on the review by Hoffmann (1986), four
species are recognized in Episoriculus: E. caudatus
(Horsfield, 1851) distributed from Kashmir to northern

Myanmar and south-western China; E. leucops (Hors-
field, 1855) distributed from central Nepal, Sikkim and
Assam to southern China, northern Myanmar and north-
ern Vietnam; E. macrurus (Blanford, 1888) distributed
from central Nepal to western and southern China and
to northern Myanmar and Vietnam; E. fumidus (Tho-
mas, 1913) endemic to Taiwan. Episoriculus caudatus
includes three subspecies (caudatus, sacratus and um-
brinus) and E. leucops includes two subspecies (/eu-
cops and baileyi) (see Hoffmann, 1986; Hutterer, 2005).

Based on external and cranial characters, Motoka-
wa & Lin (2005) considered Episoriculus baileyi (Tho-
mas, 1914) as a valid species. According to their data,
E. baileyi is known from Sikkim and Assam in India,
Myanmar and Vietnam, whereas E. leucops is restricted
to Nepal. Further karyological studies revealed large
differences in the karyotypes of E. caudatus s. lato
(Motokawa et al., 2008, 2009). Shrews from Sichuan
Province of China with 2n=58, FN=108 were treated as
adistinct species E. sacratus (Thomas, 1911), the small-
er form from Nepal with 2n=74, FN=126 — as E.
soluensis Gruber, 1969 and the large form from Nepal
with 2n=60, FN=118 — as E. caudatus. The fourth
taxon, E. umbrinus (Allen, 1923), has not been karyo-
typed yet, but it differs from others in its skull measure-
ments (Motokawa & Lin, 2005; see also Motokawa et
al., 2009). According to Motokawa et al. (2009), E.
sacratus occurs in Sichuan Province of China; E. um-
brinus is distributed in Assam, Myanmar, and Yunnan
Province of China; E. soluensis occurs in Nepal and
Sikkim, and E. caudatus is known from Nepal only

(Fig. 1).
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According to all recent reviews (Hoffmann, 1986;
Corbet & Hill, 1992; Hutterer, 2005; Motokawa & Lin,
2005; Motokawa et al., 2009), there are no shrews of
the E. caudatus s. lato in Vietnam. However, in 2005, a
specimen of red-toothed shrew, which undoubtedly be-
longs to this group, was collected from northern Viet-
nam (see Abramov et al., 2013).

Recent genetic studies (Ohdachi et al., 2006; Dubey
et al., 2007; He et al., 2010) produced a multitude of
cytb sequences of the Soriculus/Episoriculus in Gen-
Bank. However, it is not uncommon that sequences
submitted to GenBank are assigned to species names
without proper taxonomic verification. GenBank data
is known to be error-ridden (Harris, 2003) and often
lacks reference to the actual specimens examined (Rue-
das et al., 2000), thus rendering molecular diagnostics
unreliable. This disturbing trend was first noted 10
years ago and colloquially referred to as the “taxonom-
ic impediment” (Carvalho et al., 2007). Quite often, the
situation can be clarified only with the help of informa-
tion on geographic origin of the specimen.

In this paper we try to use all the available data on
distribution of the examined taxa of Episoriculus with
the aim to evaluate the taxonomic position of the Viet-
namese specimen, to elucidate the taxonomic affiliation
of the sequences from GenBank, and to examine the
phylogenetic relationships and taxonomic composition
of the genus, focusing on the E. caudatus s. lato.

Material and methods

The specimen of Episoriculus cf. caudatus was
collected in northern Vietnam, Lao Cai Province, near
Tram Ton Station of Hoang Lien National Park, c. 6 km
W of Sa Pa Town (22°21”N, 103°46”E) in December
2005. The collecting locality is shown in Fig. 1. This
specimen (ZIN 96263) is deposited in the Zoological
Institute of the Russian Academy of Sciences, Saint
Petersburg, Russia. Other original material includes
two specimens of Chodsigoa spp. and three specimens
of genus Neomys Kaup, 1829.

A total of 65 sequences of cyth, 41 sequences of
ApoB and 40 sequences of RAG2, which are available
from GenBank and attributed to several sources pub-
lished earlier (Ohdachi et al., 2006; He et al., 2010;
Abramov et al., 2017; Sheftel et al., 2017), was used in
phylogenetic analyses (Appendix 1).

The complete mitochondrial cyth gene (1140 bp)
and fragments of apolipoprotein B (4poB) exon 26 and
recombination-activating gene 2 (RAG2) exon 2 were
amplified by PCR with the primer combination and
conditions for amplification as in our previous studies
(Bannikova et al., 2011; Abramov et al., 2017). The
sequencing with each primer was performed by the ABI
3100-Avant autosequencing system using ABI
PRISM®BigDyeTM Terminator v.3.1. Cyth gene se-
quences were aligned by eye using BioEdit v.7.0.5.3
(Hall, 1999).
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Phylogenetic reconstructions were performed with
(1) the alignment of cy#b sequences and (2) each of two
nuclear genes separately. We did not combine nuclear
and mitochondrial sequences in the same analyses be-
cause of the lack of nuclear data for most of Episoricu-
lus lineages. We determined the best partitioning strat-
egy for nuclear genes using the program Partition Find-
er (Lanfear et al., 2012). The cytb data set was parti-
tioned into three codon positions. Phylogenetic trees
were inferred in maximum likelihood (ML) with Tree-
Finder (October 2008 version) (Jobb, 2008) and maxi-
mum parsimony (MP) with PAUP v.4.0b (Swofford,
1998). To assess clade support, 1000 bootstrap pseu-
doreplicates were analyzed.

Genetic distances were calculated through MEGAS
(Tamura et al., 2011). To define natural groups based
on mtDNA data we employed the Automatic Barcode
Gap Discovery (ABGD) method (Puillandre et al.,
2012). The automatic identification of the ‘barcode
gap’ was performed using the ABGD application (avail-
able at http://www.abi.snv.jussieu.fr/public/abgd/
abgdweb.html) under the following parameters: Pmin
(prior minimal distance) =0.01, Pmax (prior maximal
distance) = 0.1, X (relative gap width) = 1.0. A matrix
of uncorrected p-distances was taken as input.

Results

The final alignments have included 1140 bp of the
cyth, 518 bp of ApoB and 730 bp of RAG2. The opti-
mum partitioning scheme for the nuclear genes identi-
fied by Partition Finder under the BIC criterion has
corresponded to the scheme of three subsets per gene.
The best-fit substitution models employed for each of
the subsets are given in the Appendix 2.

The ML analysis of the cytb data has revealed six
clades within Episoriculus with a genetic distance of 8-
17% among them (Fig. 2, Table 1). These clades corre-
spond to different species or groups of species: E.
Sfumidus, E. macrurus, E. soluensis, E. caudatus, E.
umbrinus, E. baileyi + E. leucops. Yet, the phylogenet-
ic analysis of mitochondrial gene data by means of the
ML and MP methods has failed to support the mono-
phyly of the genus Episoriculus, because of the isolated
position of the Taiwanese taxon E. fumidus outside the
cluster of the rest of Episoriculus species. In the cytb
tree it appears as sister to all Nectogalini, however with
only moderate support in ML and without any support
in MP. The genetic uncorrected p-distance between E.
Sfumidus and other Episoriculus was found to be not less
than 17%. Besides E. fumidus, the most distant position
on the mitochondrial tree is occupied by E. macrurus,
which forms the basal branch in the cluster of Episoric-
ulus s. stricto. The clade E. baileyi + E. leucops is
found to be a sister taxon to the remaining Episoriculus
species, with the genetic distance of not less than 12%.
Specimens from Yunnan (E. baileyi) and from Nepal
(E. leucops) are rather close (3.4%). The monophyly of
the grouping E. caudatus/E. umbrinus is highly sup-
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Table 1. The interspecific genetic p-distances within Episoriculus s. lato for cytb.

“E”. fumidus | E. macrurus | E. baileyi E. leucops E. umbrinus | E. caudatus
“E”. fumidus
E. macrurus 16.0+0.9
E. baileyi 17.2+1.0 15.1+0.9
E. leucops 17.6+0.0 16.2+0.0 3.4+0.0
E. umbrinus 16.9+0.9 15.5+0.8 11.3+0.8 12.3+0.8
E. caudatus 16.4+0.9 15.0+0.8 10.44+0.8 11.4+0.9 7.8+£0.6
E. soluensis 16.1+1.0 16.1+0.9 13.5+0.9 13.1+0.9 12.4+0.9 11.8+0.8

7 - nbr

60 1
53
46
40 4
33 4
26
20 4

Figure 3. Distribution of the p-distances between haplotypes
of cytb within Episoriculus.

ported. All the studied specimens of E. umbrinus from
Yunnan form two lineages (p-distance of 4%). Our
specimen ZIN 96263 from northern Vietnam falls into
one of these groups and differs from Chinese specimens
by 3.5%, which is within the limits of intraspecies
variability of E. umbrinus. Position of E. soluensis on
the tree has a low support and thus remains unresolved
with a tendency to join with E. caudatus/E. umbrinus
group (~10%).

The distribution of genetic p-distances between hap-
lotypes (Fig. 3) shows the most evident gap between 4
and 5%. In the ABGD species delimitation method
(Puillandre et al., 2012) with the exclusion of E. fumi-
dus, eight groups have been found for primary parti-
tions (prior maximal distance p below 0.016): five of
them correspond to E. leucops/baileyi, E. caudatus, E.
umbrinus, E. soluensis and three groups are formed by
splitting macrurus in three clusters. Thus, the result
does not support baileyi as a distinct species that is
separate from E. leucops.

The GenBank nuclear data of Episoriculus are very
scarce, thus an efficient nuclear phylogenetic analysis
is not possible yet. However, it is evident from our
ApoB and RAG?2 data that E. fumidus is very distant
from other species of the genus (Figs 4A, B). It is
placed as the sister branch to all Chodsigoa in the ApoB
gene tree with moderate support in ML and MP analy-
ses. In the ML analysis of RAG? it is branching off after
Neomys, but with the low bootstrap support. Within

Episoriculus s. stricto, E. macrurus is clearly separated
from E. umbrinus and E. leucops/baileyi.

Discussion

Taxonomic position of the Vietnamese “E.

caudatus”

The majority of researchers listed only two Epi-
soriculus species, E. leucops (including baileyi) and E.
macrurus, for Vietnam (Hoffmann, 1986; Corbet &
Hill, 1992; Hutterer, 2005; Hoffmann & Lunde, 2008).
However, many recent checklists of Vietnamese mam-
mals also added E. caudatus to the species list (Dang et
al., 1994, 2007, 2008; Kuznetsov, 2006). These
“records” were based on the incorrect synonymy of
“caudatus” and “baileyi” (see also Hoffmann, 1986),
and in fact should be referred to E. baileyi (sensu
Motokawa & Lin, 2005). Hoffmann (1986: 468)
stressed upon the fact that E. caudatus does not occur
in Vietnam.

According to the initial description (Horsfield, 1855)
and based on the examination of type specimen, E.
baileyi is a large dark brown shrew with a tail only
slightly longer than its body (see also Hoffmann, 1986).
E. baileyi from Assam resembled this form in size and
color, being just slightly smaller. Large red-toothed
shrews from Northern Vietnam recorded in above-men-
tioned papers undoubtedly belong to E. leucops-baileyi
group. Typical E. caudatus described from Darjeeling
has smaller skull and body size, the shorter tail being
equal to or less than head and body length.

Based on external and cranial characters, the speci-
men ZIN 96263 from Lao Cai Province was identified
as E. caudatus s. lato (Abramov et al., 2013). New
genetic data have confirmed this identification and
placed it in E. umbrinus. All the studied specimens of
E. umbrinus form two lineages (p-distance for cytb
3.8+0.4%) which probably represent distinct geograph-
ic populations. Allen (1923) described Soriculus cau-
datus umbrinus from Mucheng in western Yunnan (Fig.
1). Perhaps, the populations located eastward of Sal-
ween River (eastern and southern parts of Yunnan Prov-
ince and northern Vietnam), may correspond to distinct
taxa of the subspecies rank. An additional study of
samples from Yunnan is required to clarify the taxo-
nomic status of these lineages.
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Figure 4. The ML trees of Nectogalini as inferred from the exons of ApoB (A) and RAG2 (B). Sequences used from our
previous studies (Abramov et al., 2017; Sheftel et al., 2017) are marked by asterisks.

Taxonomic content of Episoriculus

All the taxa belonging to Episoriculus s. stricto (i.e.,
E. baileyi, E. caudatus, E. leucops, E. macrurus, E.
soluensis, and E. umbrinus) form highly or moderately
supported clades in the ML and MP analyses with
genetic distances (cyth) among them of approximately
8-16%. These data have confirmed the previous mor-
phological and karyological data (Motokawa & Lin,
2005; Motokawa et al., 2008, 2009) and testified the
species rank of most studied taxa. However, the dis-
tance between E. baileyi and E. leucops was low, just
3.4%, that contradicts the morphological findings by
Motokawa & Lin (2005). According to the current
genetic species concept (Baker & Bradley, 2006) the
value of more than 5% of divergence in the cytb gene is
indicative of species rather than subspecies rank and
values of <5% have a high probability of being indica-
tive of conspecific populations, however merit addi-
tional study concerning specific status. Thus, an addi-
tional study is needed to evaluate the taxonomic rank of
these two forms.

For one of species from this group, E. sacratus from
Sichuan, genetic data are still absent. However, mor-

phological and karyological data confirm that it be-
longs to Episoriculus s. stricto (Motokawa & Lin, 2005;
Motokawa et al., 2008, 2009).

Taxonomic position of “Episoriculus™ fu-

midus

Episoriculus fumidus was described from central
Taiwan (Thomas, 1913) and is currently classified as a
member of the genus Episoriculus based on its morpho-
logical characters, including the dental formula (Hoft-
mann, 1986; Corbet & Hill, 1992; Hutterer, 2005; Lin
& Motokawa, 2010).

Molecular data have supported the position of the
Taiwanese E. fumidus as a monotypic clade within the
tribe Nectogalini. This separate branch lies outside of
Episoriculus, with the large genetic distance (~17%,
cytb) between E. fumidus and the other clades of Soric-
ulus s. lato (Fig. 2) as demonstrated by the analyses of
both the mitochondrial cyth gene and two nuclear loci.
Other molecular phylogenetic studies have repeatedly
showed the paraphyletic status of Episoriculus when E.
fumidus is included (Ohdachi et al., 2006; Dubey et al.,
2007; He et al., 2010). In our work, as in the early
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studies (He et al., 2010), gene trees obtained from
individual loci (including BRCA 1 which is absent in the
present study) show different topologies. However, this
does not imply that the conflict among genes is signifi-
cant because the levels of support for each rival topolo-
gy are just moderate or low. The uncertainty of the
position of E. fumidus makes it difficult to provide a
clear interpretation of its relationships with other Nec-
togalini. Taking into consideration all the genetic data
available for the tribe by now, it is possible to conclude
only that E. fumidus belongs to a subclade that includes
all genera except Neomys, and that the Taiwanese red-
toothed shrew indisputably represents a lineage sepa-
rate from the genus Episoriculus. As inferred in He et
al. (2010), the time of divergence between E. fumidus
and its sister taxa (~5.04 Mya, Early Pliocene) is com-
parable to or even higher than those among such dis-
tinct genera as Chimarrogale, Episoriculus s. stricto,
Chodsigoa and Nectogale.

Despite the similar dental formula, E. fumidus is
clearly distinct from other Episoriculus taxa by the
external and cranial characters (Jameson & Jones, 1977,
Hoffmann, 1986; see below). Considering that E. fumi-
dus demonstrates a unique combination of external,
craniodental and genetic characteristics and belongs to
a distinct phylogenetic lineage, it should not be includ-
ed in the genus Episoriculus s. stricto. Retention of E.
fumidus in Episoriculus, most probably, renders the
latter paraphyletic, which violates the major principle
of phylogenetic taxonomy. In our opinion, the Taiwan-
ese red-toothed shrew should be assigned to a new
genus Pseudosoriculus gen.n., of which the description
follows.

Systematic part

Family: Soricidae Fischer, 1817
Subfamily: Soricinae Fischer, 1817

Pseudosoriculus Abramov, Bannikova, Cher-
netskaya, Lebedev et Rozhnov, gen.n.

Type species: Soriculus fumidus Thomas, 1913

Distribution: Endemic of Taiwan. Widespread in
the mountains of main island of Taiwan, between 1,000
and 3,600 m above sea level (Lin & Motokawa, 2010).

Contents: The type species only.

Etymology: The name of the new genus is derived
from the Greek word “pseudes” (false) and the generic
name Soriculus previously attributed to this taxon. Gen-
der is masculine.

Diagnosis: A medium-sized shrew. Fur covering
head and body blackish brown, under surface slightly
lighter than upper. Tail shorter than head and body,
dark brown, little lighter below. The skull with short,
narrow rostrum. Angular process quite long and curved;
coronoid process high, with converging sides. Upper
tooth-row with four antemolars (A1-A4); fourth ante-
molar very small, and tightly wedged between A3 and

P4. Posterior margin of fourth premolar, first and sec-
ond molars not strongly concave. The lower incisor
relatively long. The dental formula is 1.4.1.3/1.1.1.3,
total 30. Teeth are red-tipped. The karyotype has 2n=64,
FN=116 (Motokawa et al., 1998).

Comparisons: Teeth of Pseudosoriculus gen.n. are
red-tipped in contrast to white-toothed Nectogale and
Chimarrogale. New genus has four antemolars in upper
tooth-row instead of three antemolars in Chodsigoa. It
differs from Soriculus in small body size and relatively
long tail (at average 75% of head and body length in
contrast to 50% in latter). It is clearly distinct from
Episoriculus by the relatively short tail, the narrow and
shortened rostral part of the skull and the mandible with
long angular and coronoid processes.

New genus represents a distinct phylogenetic lin-
eage of Nectogalini, with the large genetic distance
(~17%, cytb) between it and the other clades of Soricu-
lus s. lato.
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