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ABSFRACT

Smallsinseetivorous shrews of the genus Episoriculus (Soricidae: Nectogalini) are
distributed*primarily across the Himalaya-Hengduan Mountains. The taxonomy of the
genus has remained unstable because earlier classifications relied mainly on morphology
and geographically restricted materials. We conducted extensive field surveys across the
region, sequenced two mitochondrial and six nuclear genes, and generated complete
mitogenomes for representative operational taxonomic units (OTUs) to evaluate
phylogenetic relationships. We also measured five external and 19 craniodental characters
to evaluate morphometric variation. The analyses identify two previously unrecognized

species, E. gaoligongensis sp. nov. from the Gaoligong Mountains of Yunnan and Medog

? Zoological
‘ Research



mailto:chenzz@ahnu.edu.cn

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

in southeastern Xizang, and E. damuensis sp. nov. endemic to Medog. Our integrative
evidence further supports recognition of eight valid species within Episoriculus: E.
caudatus, E. leucops, E. macrurus, E. sacratus, E. soluensis, E. umbrinus, E.
gaoligongensis sp. nov., and E. damuensis sp. nov. We treat E. baileyi as a subspecies of
E. leucops and clarify morphological delimitation criteria and distribution ranges for these
taxa. Divergence-time estimates suggest that major splits within Episericulus occurred
from the Miocene to the Pleistocene, broadly consistent with a history, shaped by
interacting geological, climatic, ecological, and geographic processes in the, Himalaya-
Hengduan Mountains. More broadly, our results highlight the importance of integrative
taxonomy and caution against relying on short mitochondrial Aragments alone when

delimiting species in rapidly diversifying montane mamimals.

Keywords: Small mammals; Taxonomy; Phylogeny;"New.species; Himalaya; Hengduan
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INTRODUCTION

Global biodiversity is under increasing pressure, making the discovery, delimitation,
and formal description of species central to both taxonomy and conservation biology
(Wilson, 2005). This task is especially important in regions where faunal inventories
remain incomplete, and species diversity is still being rapidly revised. China, which harbors
one of the richest mammalian faunas in the world, exemplifies this pattern: the number of
recognized mammal species has increased from 572 in 2005 (Hutterer; 2005) to 736 in the
most recent national catalogue (Wei et al., 2025). Much of this increase reflects continued
taxonomic revision and the discovery of previously unrecognized divetsity, particularly in
topographically complex regions.

The Himalaya-Hengduan Mountains (HHM), region represents one of the world’s
most important biodiversity hotspots and forms the ¢ore.area’of both the Himalaya and
Mountains of Southwest China hotspots, whil¢ its,southern extension also overlaps with
the Indo-Burma biodiversity hotspot (Mittermeier‘et al., 2011). This region served as an
important refugium for many organismsduting, Quaternary glaciations and preserves
exceptionally high levels of endemism.(Zhang, 2002). In addition, the north-south-oriented
mountain systems of the Hengduan-Mountains likely functioned as major dispersal
corridors for montane biota during glacial-interglacial climatic oscillations (Zhang, 2002).
Despite extensiye recent werk,~the HHM region remains a major center of unresolved
small-mammal diversity, where species limits and distributions are still poorly understood
for.many taxa (Jiang et«al., 2015; Li et al., 2024). Continued surveys in this region have
revealed 'mume€rous previously unrecognized taxa (Chen et al., 2021, 2024; Wang et al.,
2024; Lietal., 2025; Song et al., 2025; Zhu et al., 2025), indicating that its mammalian
diversity rémains substantially underestimated. At the same time, the historical processes
associated with small-mammal diversification in the HHM region remain incompletely
understood, particularly the relative roles of climatic oscillations, ecological heterogeneity,
and geographic isolation.

The genus Episoriculus Ellerman and Morrison-Scott, 1951 (Mammalia:
Eulipotyphla: Soricidae) represents an excellent model for investigating the influence of

Neogene environmental and climatic change on the evolution of Himalayan and Hengduan
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93  Mountain small mammals. Species of Episoriculus are small insectivorous shrews
94  distributed mainly throughout the Himalaya-Hengduan Mountains, and are among the most
95 common small mammals in this region. Most Episoriculus species inhabit montane and
96  subalpine forests at elevations of approximately 1000-4000 m and exhibit strong habitat
97  associations. However, the remoteness and topographic complexity of much of their range
98 have constrained geographically comprehensive sampling. Consequently, Episoriculus
99  remains one of the most taxonomically problematic small mammal lincages in China.
100 Episoriculus was originally treated by Ellerman and Morrison-Scott (19571) as a
101  subgenus of Soriculus, and was elevated to full generic rank in the.revised second edition
102 of their checklist (Ellerman & Morrison-Scott, 1966). Repénning” (1967) also noted
103  substantial cranial and dental differences among Episoriculus, Chodsigoa, and Soriculus
104 and gave Episoriculus a generic status. Nevertheless,several.subsequent classifications
105  continued to treat Episoriculus as a subgenus of So7ictus(Corbet, 1978; Hoffmann, 1985;
106  Corbet & Hill, 1992; Wang, 2003). Hutterer (1994) again emphasized the morphological
107  distinction between Episoriculus and Sorieulus, and the generic status of Episoriculus has
108  since been widely accepted in major.taxonomic, treatments (Hutterer, 2005; Burgin & He,
109  2018; Wei etal., 2025). Liu etal. (2025) largely followed Wei et al. (2022) while accepting
110  the validity of Pseudosoriculus’ and-further suggested that an undescribed species may
111 occur in Xizang. These| contrasting treatments mainly reflect differences in geographic
112 sampling, specimen.coverage,.and the relative weight given to morphology, mitochondrial
113  data, nuclear floci, karyotypes, and nomenclatural history; a geographically broad
114  integrativereassessment’is therefore required.
115 The /maine obstacle to resolving Episoriculus taxonomy has been the limited
116  availabilityof geographically representative and reliably identified materials. Earlier
117  studies were based largely on restricted local samples and morphology alone, conditions
118  that likely contributed to misidentifications and unstable species boundaries. Over the past
119  several decades, we conducted extensive small mammal surveys across the Himalaya-
120  Hengduan Mountains, with particular attention to previously under-sampled localities, and
121  assembled a large series of Episoriculus specimens. This material substantially expands
122 current knowledge of the genus’s distribution and habitat associations and provides a basis

123  for reassessing species limits. Here, we integrate morphological and molecular evidence to
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124  revise the taxonomy of Episoriculus and formally describe two new species from the
125 Himalaya-Hengduan region.

126 MATERIALS AND METHODS

127  Specimen sampling

128 We examined 132 specimens assigned to Episoriculus sensu lato, including six
129  specimens of Pseudosoriculus fumidus. Sampling localities are shown in Figure 1A.
130  Specimens are deposited in the Kunming Institute of Zoology (KIZ), ChinesétAcademy of
131  Sciences, and Anhui Normal University. All animal handling procedures fellowed the
132 ethical standards of Anhui Normal University and KIZ, and were.approved by the Animal
133  Ethics Committee of Anhui Normal University under/ approvalnumber AHNU-
134  ET2025028.

135 Initial specimen identifications followed Hoffmann (1985), Motokawa and Lin (2005),
136 and Motokawa et al. (2008). To reduce errors associated with morphology-based
137  identification, we sequenced the mitochondrial’cytechrome b gene (Cyt b), reconstructed a
138 gene tree together with published GenBank sequences, and then re-examined the
139  morphology of each lineage. Based emithe combinedwevidence from morphology and the
140  Cyt b tree, specimens were,_ assighed to 10 operational taxonomic units (OTUs) of
141  Episoriculus sensu lato for comparative-ahalyses: (1) E. leucops (n = 20), (2) E. caudatus
142  (n=7), (3) E. umbrinus.(n = 23), (4) E. sacratus (n = 5), (5) E. soluensis (n = 6), (6) E.
143 macrurus (n = 46), (1) P. fumidus (n = 6), (8) six specimens from Medog, Xizang, and the
144  Gaoligong Mountains, Yunnan, that were morphologically distinct from all known species
145  and'were assigned.to a putative new species, E. sp. 1, (9) eight specimens from the Medog
146  area that'formied the sister lineage to E. soluensis but differed in body size and coloration
147  and were assigned to a putative new species, E. sp. 2, and (10) five specimens of E.
148  macrurus-from Jiaozi Snow Mountain, Yunnan, which were morphologically similar to E.
149  macrurus from other regions but formed a deeply divergent clade and were treated as a
150 tentative species, E. sp. 3.

151  Morphological measurements and analyses

152 Ninety specimens with intact skulls were included in the morphological analyses.
153  Only adult individuals were used, as confirmed by the full eruption of the permanent molars.

154  Specimens with damaged skulls were excluded from the craniodental PCA and DA.
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155 Because pronounced cranial sexual dimorphism sufficient to confound species-level
156  comparisons has not been reported as a major issue in comparable taxonomic studies of
157  soricids and other small insectivores, and because sample sizes for several rare taxa were
158  limited, males and females were pooled in all morphometric analyses (Motokawa & Lin,
159  2005; Liu et al., 2025). Weight (W) and four external measurements-head and body length
160 (HB), tail length (TL), hind foot length (HF), and ear length (EL)-were recorded in the
161 field. Nineteen craniodental measurements were taken with digital calipcss to the nearest
162  0.01 mm. These included: condyloincisive length (CIL), palatoingisive lengthy(PIL),
163  postpalatal length (PPL), rostral length (RL), postpalatal depth (PRPD), interorbital breadth
164  (IOB), cranial breadth (CB), maxillary breadth (MB), maximumswidthyacross the upper
165  second molars (M?-M?), upper toothrow length (UTL), distance. from thee anterior edge of
166  the upper fourth premolar to the posterior edge of theipper third molar (P*-M?), cranial
167  height (CH), breadth of the foramen magnum (BMF)ylower toothrow length (LTR),
168  mandibular length (MdL), lower molar length(LM), height of the coronoid process (HCP),
169  height of the coronoid valley (HCV), ‘and height of the articular condyle (HAC). All
170  craniodental measurements were takenby thefirst author. Measurement terminology and
171  procedures followed Repenning (1967); Motokawasand Lin (2005), and Pan et al. (2007).

172 For each OTU, we' calculated-the~tfange, mean, and standard deviation for each
173  measured variable when sample size allowed (Table 1). For E. sp. 3, represented by only
174  two intact skullsy' we.report-only“the observed values/range and did not calculate mean or
175  standard deviation. We gvaluated patterns of morphometric differentiation among OTUs
176  using prinecipal cemponént analysis (PCA) and discriminant analysis (DA) performed in
177  IBM SPSS Statisties for Windows, version v.19.0 (IBM Corp., Armonk, N.Y., USA). The
178 PCA and DA, were performed on the craniodental measurements only. All craniodental
179  variables'were logio-transformed before analysis to improve normality. DA classification
180  success was evaluated using both apparent/resubstitution classification and leave-one-out
181  cross-validation.

182  Molecular data collection

183 Sixty-two specimens were selected for molecular analyses based on initial
184  morphological screening and assignment. Total genomic DNA was extracted from tissue

185  samples using a Tiangen tissue DNA extraction kit (TTANGEN Biotech Co., Ltd., Beijing,
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186  China). We amplified two mitochondrial genes [Cyt b (1,140 bp) and 12S (816 bp)] and
187  six nuclear genes [APOB (582 bp), BRCAT1 (768 bp), RAG2 (675 bp), IRBP (1,233 bp),
188 TTN (930 bp), and ATP7A (669 bp)] from newly sampled individuals. Homologous
189  sequences from 21 Episoriculus individuals were downloaded from GenBank (Ohdachi et
190 al., 2006; He et al., 2010; Liu et al., 2025), together with representative sequences from 11
191  other soricid genera, including all five other nectogaline genera (Supplementary Table S1).
192 Because mitochondrial gene trees reconstructed from Cyt b and 128 indicated that E.
193  macrurus was not monophyletic with respect to other Episoriculus spe€ies, and*because
194  support values for some relationships were low (see Results),.we generated;complete
195  mitochondrial genome data for at least one representative of edch’operational taxonomic
196  unit (OTU), except E. soluensis, by combining our newly-generated resequencing data with
197  published GenBank sequences (Supplementary Table S2).

198  Phylogenetic analyses and molecular dating

199 Phylogenetic analyses were conductedin/PhyloSuite (Zhang et al., 2020). Maximum-
200  likelihood (ML) trees were reconstructed«in IQ-TREE, and Bayesian inference (BI) trees
201  were reconstructed in MrBayes/ using three, coneatenated datasets: (1) a two-gene
202  mitochondrial dataset comprising Cyz.b and12S] with a final aligned length of 1,956 bp;
203  (2)asix-gene nuclear datasetcomprisingAPOB, BRCA1, RAG2, IRBP, TTN, and ATP7A,
204  with a final aligned length'of 4,857 bp; and (3) a mitochondrial genome dataset comprising
205 13 protein-coding genes andtwotRNA genes, 12S and 16S. The best-fit substitution model
206  for each partition was ;selected in PartitionFinder 2 under the Bayesian Information
207  Criterien (BIC; [ranfear-€t al., 2017), and the partition schemes and models are provided in
208  SupplementarysTable S3.

209 Divergence-time analyses were based on the concatenated six-gene nuclear dataset.
210  Following” Yuan et al. (2024), three secondary calibrations were applied to the
211  corresponding higher-level soricid nodes: (1) the Soricinae-Crocidurinae split at
212 approximately 51.06 Ma, with mean = 51.38 and SD = 0.113; (2) the Blarinellini-Blarinini
213  split at approximately 26.82 Ma, with mean = 27.20 and SD = 0.171; and (3) the earliest
214  divergence within Nectogalini at approximately 28.04 Ma, with mean = 28.04 and SD =
215  0.147. Lognormal priors were used to incorporate uncertainty in the source estimates.

216  Analyses used a random starting tree, an uncorrelated lognormal relaxed clock, and a birth-
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217  death tree prior. Each BEAST analysis was run twice independently for 100 million
218  generations and sampled every 10,000 generations. Convergence was assessed in Tracer,
219  with the first 10% discarded as burn-in and effective sample size values exceeding 200.
220  Phylogenetic trees were visualized and formatted in FigTree v.1.4.3.

221 RESULTS

222  Morphological variation

223 External and craniodental measurements for each OTU are provided in. Table 1. Based
224 on mean condyloincisive length (CIL), used here as an index of overall cranial*Size, we
225  divided the sampled taxa into three size classes. The large-sized.taxa, with.mean CIL >
226  19.00 mm, included E. leucops and E. caudatus; E. leucops hds a broader braincase and
227  narrower rostrum than E. caudatus. The medium-sized taxa, withanean €IL between 18.00
228 and 19.00 mm, include E. soluensis, E. sacratus, Exsp. 2; and P, fumidus. Within this group,
229  E. soluensis has a longer tail than the other three taxa. Théismall-sized taxa, with mean CIL
230 < 18.00 mm, include E. macrurus, E. umbriniis, E. Sp. 1, and E. sp. 3. These taxa differ
231  mainly in relative tail length: E. macrurussand.E. sp. 3 have tail lengths 130-170% of head
232  and body length; E. sp. 1 has a tail-shightly longer-than head and body length; and F.
233 umbrinus generally has a tail length léss/than or.€qual to head and body length. More
234  detailed comparisons of" external “and~Craniodental morphology are provided in the
235  Systematic account.

236 The PCA ,0f 19 logre-transformed craniodental variables from 90 intact skulls
237  recovered two principal components with eigenvalues greater than 1.0 (Table 2). Together,
238  these two axes explained 78.21% of the total variation. The first axis, PC1, explained 63.54%
239  of the variane€:and ' was positively associated with all measured variables except PPD and
240  BMF, withdoadings > 0.61, indicating that this axis primarily reflects overall skull size.
241  The second axis, PC2, explained 14.67% of the variance and was driven mainly by PPD
242 and BMF, with loadings > 0.78.

243 In the PC1-PC2 morphospace (Figure 1B), E. sp. 3 overlapped broadly with E.
244 macrurus, and together they occupied the negative region of PC1 and the positive region
245  of PC2, indicating a relatively small skull combined with larger PPD and BMF values.
246  Episoriculus leucops and E. caudatus occupied the far positive region of PC1, consistent

247  with their larger skulls. Episoriculus leucops also scored higher on PC2 than E. caudatus,
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248  reflecting larger PPD and BMF values. Episoriculus umbrinus had the lowest PC2 scores
249  and overlapped partly with E. soluensis, indicating smaller PPD and BMF values.
250  Pseudosoriculus fumidus, E. sacratus, and E. sp. 2 overlapped broadly, whereas E.
251  soluensis showed wide dispersion, suggesting substantial cranial variation within it.
252 Episoriculus sp. 1 occupied the central region of the morphospace close to E. sacratus but
253  did not overlap with any other taxon.

254 In the discriminant analysis, the apparent/resubstitution classificationrate was 96.6%,
255  whereas the leave-one-out cross-validated classification rate was 79.8% (Supplementary
256  Table S4). These results indicate substantial but incomplete morphometric separation
257  among OTUs. Therefore, the discriminant analysis was treated @s an eXploratory summary
258  of craniodental variation rather than as independent diagnostic yalidation, and its results
259  were interpreted together with external morphology, molecular.data, and other taxonomic

260  evidence.

261  Phylogeny, genetic distances, and molecular dating

262 We generated eight genes for 62newly sampled'specimens of Episoriculus sensu lato.
263  After integration with GenBank data, 83 Episoriculussensu lato individuals were included
264  inthe molecular analyses. Adl newly generated sequences have been deposited in GenBank
265  (Supplementary Table S1) and uploaded to ScienceDB
266  (https://doi.org/10,37%6 ks Cepeé€dly.j00139.000a9).

267 Within eachsdataset;"BI and ML analyses recovered broadly congruent topologies
268  (Figure. 1C, Dj Supplementary Figure S1). However, the mitochondrial and nuclear
269  datasets preduced-substantially different phylogenetic patterns. In the mitochondrial tree
270  based on €yt b.and 12S, E. macrurus was recovered as the sister of all other sampled
271  Nectogalini (PP = 1.00). Pseudosoriculus fumidus formed a weakly supported sister
272  relationship with E. sp. 1 (PP = 0.43), and this pair clustered with Soriculus, Neomys,
273  Nectogale, and Chimarrogale. The remaining Episoriculus species formed a separate clade
274  that clustered with Chodsigoa, although support for this relationship was weak (PP = 0.54).
275  Within this topology, E. sp. 2 was recovered as sister to E. soluensis with weak support
276 (PP =0.49), whereas E. sp. 3 formed a distinct lineage sister to E. macrurus with strong

277  support (PP =1.00).
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278 The nuclear tree recovered a different arrangement. Pseudosoriculus fumidus fell
279  outside Episoriculus and grouped with a clade containing Soriculus and Chodsigoa,
280  although this placement was weakly supported (PP = 0.25). The remaining Episoriculus
281  OTUs formed a monophyletic group comprising three principal clades: E. sp. 1 as Clade I,
282  E. macrurus as Clade II, and the remaining species as Clade III. In this nuclear topology,
283  E. sp. 2 was strongly supported as sister to E. soluensis (PP = 1.00), whereas E. sp. 3 was
284  clustered in E. macrurus.

285 The mitochondrial-genome phylogeny differed from the Cyr b and"12S ‘trees’}In the
286  mitogenomic tree (Figure 1E), P. fumidus was recovered as the basal lineage of Nectogalini
287 (PP = 1.00), while all remaining Episoriculus species fonmed .a menophyletic group.
288  Within Episoriculus, the topology was congruent with the ntclear/tree, except that
289  Episoriculus sp. 3 formed a distinct lineage sister'to E.macrurus (PP = 1.00).

290 Pairwise Cyt b distances among OTUs ranged from _5:3% to 16.6% (Table 3). The
291  smallest interspecific distance was between/E stimbrinus and E. sacratus (5.3%). Distances
292  between P. fumidus and all other taxa exceeded 12.8%. The minimum distance between E.
293  sp. 1 and any other sampled species=was 12.2%;, from E. macrurus. Episoriculus sp. 2
294  differed from E. soluensis, its sisterlincage, /by 11:7%, whereas E. sp. 3 differed from F.
295  macrurus by 6.6%.

296 The BEAST time-calibrated 'tree was topologically congruent with the concatenated
297  nuclear-gene treg and.gencrally.réceived strong posterior support (Figure 1F). Divergence-
298  time estimation placed the most recent common ancestor of Episoriculus, excluding P.
299  fumidus, at-appreximately 12.17 Ma (95% CI = 9.49-15.76 Ma), near the middle-late
300 Miocene transition: Episoriculus sp. 1 diverged from the remaining Episoriculus lineages
301 at approximately 11.52 Ma. The split between E. macrurus and Clade III occurred at
302  approximately 9.87 Ma (95% CI = 7.19-12.68 Ma). The remaining OTUs’ divergences

303  occurred mainly from the early Pliocene to early Pleistocene, approximately 2.02-5.25 Ma.

304 Based on our morphological comparisons and mitochondrial and nuclear phylogenetic
305 analyses, and the species comparisons provided in the Systematic account, we recognize
306  Pseudosoriculus as a morphologically diagnosable genus distinct from Episoriculus, while

307  acknowledging that its deeper phylogenetic placement within Nectogalini remains
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308 unresolved. Within Episoriculus, following the diagnosis-and-monophyly-based
309 phylogenetic species concept (Gutiérrez & Garbino, 2018), we recognize the validity of E.
310  caudatus, E. leucops, E. macrurus, E. soluensis, E. sacratus, and E. umbrinus as distinct
311  species. We treat E. baileyi as a subspecies of E. leucops because available evidence does
312  not show stable morphological differentiation or deep molecular divergence comparable to
313  species-level taxa in this genus. Our data also support E. sp. 1 and E. sp=2 as distinct new
314  species, but retain E. sp. 3 within E. macrurus because its mitochondridl divérgence is not
315 matched by nuclear separation or consistent diagnostic morphology. On this basis, we
316  provide a systematic review of Pseudosoriculus and Episoriculus.and formally describe

317  the two new species below.

318  Systematic account

319 Order Eulipotyphla

320 Family Soricidae

321 Subfamily Soricinae

322 TribéNeetogalini

323

324 Genus Pseudosoriculus Abramov et al., 2017

325  Type species: Pseudosoriculus fumidus (Thomas, 1913).

326  Diagnosis: The'dental formula could be expressed as I' I I’ C P! P* M! M? M¥/1; 1, P4 M,
327  M> M following Hutterer (2005b). Because the homology of the unicuspid teeth may be
328 interpréted differenitly; we here use the conventional unicuspid notation I' U! U? U® U* P*
329 M! MR M/, UyUs M1 My M3, equivalent to 1.4.1.3/1.1.1.3 = 30. Pseudosoriculus
330 resembles Episoriculus in external and cranial morphology but differs from it in several
331  diagnostic characters. The tail is short, less than 80% of head and body length, whereas the
332  tail of Episoriculus is usually more than 80% of head and body length. The posterior
333  margins of P* and M! are only shallowly concave, rather than deeply excavated as in
334  Episoriculus. The coronoid process is high and broad and curves slightly anteriorly,
335  whereas in Episoriculus it rises more nearly vertically. Tooth pigmentation is weak, with

336  only faint pigment on the molar tips; pigmentation is stronger in Episoriculus and absent

337  in Chimarrogale, Nectogale, and Neomys. Pseudosoriculus has four upper unicuspids, in
11
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338  contrast to the three upper unicuspids present in Chodsigoa, Chimarrogale, and Nectogale.

339  The foreclaws are slender and not enlarged as in Soriculus. The genus is endemic to Taiwan.

340 Remarks: Pseudosoriculus is monotypic. The generic diagnosis largely follows the
341  species diagnosis below.

342

343 Pseudosoriculus fumidus (Thomas, 1913) (Figure 2; Table,1)

344

345 Common name: Taiwanese Brown-toothed Shrew; & V5 K 2 Rk

346  Soriculus fumidus Thomas, 1913. Annals and Magazine of Natural'History; 11 (62): 217.
347  Type locality: Mt. Arisan (= Alishan), Taiwan, China.

348  Soriculus caudatus fumidus. Ellerman and Morrison=Scott, 195T~€Checklist of Palaearctic
349  and Indian mammals 1758 to 1946: 59.

350  Episoriculus fumidus. James and Jones, 197 7+Proceedings of the Biological Society of
351  Washington, 90: 474, part.

352 Soriculus fumidus. Hoffmann, 1985. The Journalotf the Bombay Natural History Society,
353  82: 468, part.

354  Pseudosoriculus fumidus Abramov.et al.,,2017. Russian Journal of Theriology, 16: 123.

355  Diagnosis: Same asithe generic.diagnosis above, because P. fumidus is the only recognized

356  species of Pseudosoriculus.

357  Remarks: Chodsigoa-sodalis was formerly treated as a junior synonym of P. fumidus
358  (James, & Jones,/1977), but later studies showed that the two are distinct species
359  (Motokawa'etal., 1997; Chen et al., 2017). Pseudosoriculus fumidus was also long treated
360 asasubspecies of E. caudatus (Ellerman & Morrison-Scott, 1951). James and Jones (1977)
361 restored it to species rank on the basis of its distinctive geographic range and cranial
362  morphology, including its short and narrow rostrum. Molecular studies later showed that
363  fumidus does not cluster with mainland species of Episoriculus (Ohdachi et al., 2006; He
364 et al., 2010), and Abramov et al. (2017) therefore placed it in the separate genus

365  Pseudosoriculus. Some later taxonomic treatments, however, continued to list this species
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367 Our phylogenetic analyses consistently show that P. fumidus does not form a clade
368 with the remaining species of Episoriculus, although the exact placement of
369  Pseudosoriculus within Nectogalini differs among datasets and remains weakly supported.
370  Direct comparison of specimens identifies several external, cranial, and dental characters
371  that distinguish P. fumidus from mainland Episoriculus. Externally, P. fumidus has brown
372  dorsal pelage and a short tail, with tail length averaging 48 mm and ranging from 45 to 50
373  mm. The tail is less than 80% of head and body length, unlike most Episericulus, except
374  for a small number of E. umbrinus individuals. Cranially, the posterior magginS’jof the
375  premolars and molars are only shallowly concave and are much.less, excavated than in
376  Episoriculus, providing one of the clearest osteological distinctions between the genera. In
377  addition, tooth pigmentation is weak and nearly absent-on the molarss and the coronoid
378  process is high and broad, with convergent anterior and posterior margins. We therefore
379  recognize Pseudosoriculus as a morphologically “diagnosable genus distinct from
380  Episoriculus, while its deeper phylogeneti¢ placement within Nectogalini remains

381  unresolved.

382 Distribution and habitat: Pseudosoriculus fumidus is known only from Alishan and
383  adjacent montane areas of.central Taiwan,.at 1000-3600 m elevations. It inhabits montane
384  broad-leaved forest, coniferous forest, and arrow-bamboo thickets. At some high-elevation
385 localities it occursssympatrically with Chodsigoa sodalis, although the latter appears to be

386  uncommon.

387

388 Genus Episoriculus Ellerman and Morrison-Scott, 1951

389

390 Type species: Sorex caudatus Horsfield, 1851.

391 Diagnosis. Dentition 1.4.1.3/1.1.1.3 = 30. Tail usually longer than 80% of head and body
392  length; claws not enlarged. Compared with Pseudosoriculus, the rostrum is more slender
393  and elongate. The posterior margins of P* and M! are deeply concave, forming a crescent-
394  shaped excavation. Four upper unicuspids are present on each side. Except for the fourth

395  upper unicuspid, the tooth tips bear yellow-brown to reddish-brown pigment. The
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396 mandibular coronoid process is nearly vertical or only weakly curved anteriorly and is
397 relatively narrow at the base.

398

399  Episoriculus caudatus (Horsfield, 1851) (Figures 2, 3; Table 1)

400

401 Common name: Hodgson’s Brown-toothed Shrew; #5181 2 i

402  Sorex caudatus Horsfield, 1851. A catalogue of the Mammalia in the Museum, of the
403  Hon. East-India Company: 135. Type locality: Darjeeling, India.

404  Sorex homourus Gray, 1863. Catalogue of the specimens and drawings.of-mammals,
405  birds, reptiles and fishes of Nepal and Tibet, presented by BH Hodgsonto the British
406  Museum. 2nd Edition: 8. nomen nudum.

407  Soriculus gracilicauda Anderson, 1877. Journal of.the‘Asiatic:Society of Bengal, 46:
408  282. Type locality: Darjeeling, India.

409  Soriculus caudatus. Ellerman and Morrison-Scott, 1951. Checklist of Palaearctic and
410  Indian Mammals 1758 to 1946: 59.

411  Episoriculus caudatus. Hutterer, 2005. Order Serieomorpha. In: Wilson & Reeder,
412  Mammal Species of the World, (3rd'ed:): 277.

413  Diagnosis: One of the largest species of Episoriculus, with condyloincisive length 19.03-
414 19.72 mm. Dorsal'pelage dark brown; venter slightly paler. Tail equal to or slightly shorter
415  than head and body length. Dorsal and ventral surfaces of the tail dark brown; forefeet and
416  hindfeet™also dark brown. Rostrum broad. The first three upper unicuspids are nearly

417  quadrangularywith basal width greater than or approximately equal to basal length.

418 Remarks: The taxonomic history of E. caudatus is complex. Pseudosoriculus fumidus, E.
419  sacratus, E. soluensis, and E. umbrinus have all been treated at different times as
420  subspecies or synonyms of E. caudatus (Ellerman & Morrison-Scott, 1951; Gruber, 1969;
421 Hoffmann, 1985). James and Jones (1977) restored E. fumidus to species rank. The
422  lectotype of E. caudatus (BMNH 79.11.21.479) is badly damaged and preserves only the
423  upper toothrow and mandible. Motokawa et al. (2008) measured its mandibular length at

424  11.93 mm and found it markedly larger than E. soluensis, E. sacratus, and E. umbrinus,
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425  supporting the distinctness of E. caudatus. Karyotypic data also distinguish E. caudatus
426 (2N =60, FN = 118) from E. soluensis (2N = 74, FN = 126), E. sacratus (2N = 58, FN =
427  108), and E. umbrinus (2N = 58, FN = 112) (Motokawa et al., 2009; Wan et al., 2026).
428 Our specimens from Medog, Xizang, agree well with the description of Motokawa et
429  al. (2008) and have large mandibles (MdL = 12.01-12.36 mm; Table 1). We also examined
430 the sequence of specimen HA7083, identified by Motokawa et al. (2008)sand found that it
431  represents the same species as our Xizang material, namely E. caudatus. Liwet al. (2025)
432  suggested that two specimens from Medog might represent an undescribed speeies; but our
433  re-analysis indicates that those specimens are referable to E. caudatus.~By.contrast, the
434  taxon treated as “E. caudatus” by Liu et al. (2025) shows only shallow divergence from E.
435  umbrinus (Cyt b distance = 2.7%), and we assign that material to/E. umbrinus.

436 In addition to the names listed above, homeurus'and gracilicauda have also been
437  treated as synonyms of E. caudatus (Corbet & Hill, 19924 Hutterer, 2005). Homourus is a
438 nomen nudum and is therefore unavailable/ Soricilus gracilicauda was described by
439  Anderson (1877) from material collected+at'Darjeeling. Blanford later re-examined the
440  specimens and regarded gracilicauda~as a synonymrof E. caudatus (Blanford, 1888), a
441  conclusion followed here.

442 Based on the newly available Compl€te specimens, and consistent with Motokawa et
443 al. (2008), E. caudatus ‘is a large species, with CIL usually exceeding 19.0 mm.
444  Episoriculus caudatus overtaps.with E. leucops in overall cranial size but differs from it in
445  having a relatively shorter tail, with TL/HB < 100% in all eight examined specimens of E.
446  caudatus, cempared with TL/HB > 100% in 11 of 15 examined specimens of E. leucops.
447 1t also'differs"from/E. leucops in having a narrower braincase (CB = 9.12-9.49 mm in E.
448  caudatus, v§749.53-10.36 mm in E. leucops), a relatively shorter and broader rostrum,
449  broader first three upper unicuspids that are wider than long, and a larger fourth upper
450  unicuspid with a distinct medial notch.

451  Distribution and habitat: Episoriculus caudatus is known from Xizang, China; Sikkim,

452  India; and Nepal. In Medog, Xizang, it occurs in the forest at 950-2000 m. In Nepal, it has

453  been recorded mainly from 2500-2700 m and appears to be uncommon.
454
455 Episoriculus leucops (Horsfield, 1855) (Figures 2, 3; Table 1)

15

L Zoological
Science Pre‘ss Resea rCh




456
457

458

459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486

Common name: Long-tailed Brown-toothed Shrew; kK J& i
Sorex leucops Horsfield, 1855. The Annals and Magazine of Natural History, 2 (16) :

111. Type locality: Nepal.

Soriculus baileyi Thomas, 1914. Journal of the Bombay Natural History Society, 22: 683.

Type locality: Mishmi Hills.

Soriculus leucops. Ellerman and Morrison-Scott, 1951. Checklist of Palaearctic and

Indian Mammals 1758 to 1946: 59.

Soriculus caudatus baileyi. Ellerman and Morrison-Scott, 195 l-Cheeklist'of Palacarctic

and Indian Mammals 1758 to 1946: 59.

Soriculus gruberi Weigel, 1969. Systematische ubersichtjuber,die-insektenfresser und

nager Nepals nebst bemerkungen zur tiergeographie, KhumbuHimal, 3(2): 170.

Soriculus leucops baileyi. Hoffmann, 1985. Journal of the"Bombay Natural History

Society, 82: 466.

Episoriculus leucops. Hutterer, 2005. OrderSorieomorpha. In: Wilson & Reeder,

Mammal Species of the World (3rd.€d.): 2738,

Episoriculus baileyi. Motokawa and Lin,.2005. Mammal Study, 30(2): 118.

Diagnosis: One of the largest speetes of Episoriculus, with condyloincisive length 19.15-

20.09 mm. Tail longsusually equalito or slightly longer than head and body length. Dorsal

surfaces of the feetlight brown centrally, with dirty-white margins. Rostrum slender. The

first three upper unicuspids are rectangular and longer than wide at the base.

Remarks: The names*E. leucops and E. macrurus were long confused. Large, pale-gray

shrewsiwith*very.dong tails were previously misidentified as E. leucops (Anthony, 1941;

Abe, 1971,1982). Hoffmann (1985) showed that the holotype of E. leucops is a large, dark-

brown shrew with a tail only slightly longer than head and body length, and that the

specimens described by Anthony (1941) and Abe (1971, 1982) are referable to E. macrurus.
Episoriculus leucops is among the largest species in the genus and overlaps in CIL

only with E. caudatus. 1t differs from E. caudatus by its longer tail, broader braincase, and

narrower rostrum. Specimens collected in April and November have long, dense pelage

approximately 6 mm in length, distinctly longer than that observed in other examined

species of Episoriculus, in which pelage length is approximately 4 mm.
16
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487 Episoriculus baileyi was described by Thomas (1914) from the Mishmi Hills,
488 northeastern India, whereas the type locality of E. leucops lies farther west in Nepal. The
489  taxon was long treated as a subspecies of E. leucops (Hoffmann, 1985; Corbet & Hill, 1992;
490  Hutterer, 2005), but Motokawa and Lin (2005) elevated it to species rank after examining
491 the type series, mainly on the basis of auditory-bulla morphology. We did not examine the
492  holotype or obtain molecular data from type material, and our treatmentishould therefore
493 be regarded as a conservative reassessment based on published” descriptions and
494  photographs, available comparative material, and available sequences. Geographieally, our
495  Medog material is closer to the Mishmi Hills than to the type locality. of.E. . deucops, and
496  specimens from farther east in Yunnan show little or no mitoghendrialdifferentiation from
497  the Medog specimens. These eastern populations are therefore more.plausibly referable to
498  the baileyi form than to nominate E. leucops. However, the auditory-bulla characters
499  proposed to distinguish E. baileyi show marked individual variation in the specimens
500 examined, and the available molecular evidence doesinot provide independent support for
501 species-level separation. We therefore tetainvbaileyi as a valid subspecies, Episoriculus
502  leucops baileyi, while acknowledging-that its*status=should be reassessed when the type
503  series and molecular data from topotypic material bécome available.

504 Weigel (1969) described«Soriculus”gruberi from northeastern Nepal. Abe (1977)
505 regarded this name as a synonymiof E. leucops, a treatment followed by later authors. On
506  geographic grounds,gruberiisxeferred here to the nominotypical subspecies, E. I. leucops.
507 Distribution and habitat: The nominotypical subspecies, E. /. leucops, occurs in Nepal.
508  TheMishmi. subspecies; E. I baileyi, occurs in China, including Xizang and Yunnan,
509 northeastern.dndia,Myanmar, and Vietnam. It inhabits mountain forests at elevations of
510 approximately 1500-3500 m, including evergreen broad-leaved, rhododendron, and moist
511  coniferousforests. Most examined specimens were captured at night.

512

513 Episoriculus macrurus (Blanford, 1888) (Figures 2, 3; Table 1)

514

515 Common name: Arboreal Brown-toothed Shrew; /MK 2 i i

516  Sorex macrurus Hodgson, 1863. In: Gray, Catalogue of the Specimens and Drawings of

517 Mammals, Birds, Reptiles and Fishes of Nepal and Thibet (2nd ed.), 90: 9. nomen nudum.
17
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518  Soriculus macrurus Blanford, 1888. The Fauna of British India, including Ceylon and
519 Burma. Mammalia, Part I: 231. Type locality: Darjeeling, India.

520  Soriculus irene Thomas, 1911a. Abstracts of the Proceedings of the Zoological Society of
521 London, 100: 49. Type locality: Yingjing, Sichuan, China.

522  Episoriculus macrurus. Hutterer, 2005. Order Soricomorpha. In: Wilson & Reeder,

523  Mammal Species of the World (3rd ed.): 118.

524  Diagnosis: A small species of Episoriculus, with condyloincisive length 16.58-18.46 mm.
525  Dorsal pelage grayish brown; venter pale gray; dorsal surfaces of the fegetpale whitish. Tail
526  verylong, 72-101 mm, corresponding to approximately 130-170%.0f head.and’body length.
527  Braincase strongly domed and nearly semicircular in lateral jprofile. The first three upper
528  unicuspids are broader than long at the base.

529 The population from Jiaozi Snow Mountain, reférred to. here as E. sp. 3, forms a
530  distinct lineage in the mitochondrial tree but is not réeovered as a separate lineage in the
531 nuclear tree. Additionally, PCA analysis shows'that.iticlusters with E. macrurus from other
532  regions (Figure 1B), although this inferenee islimited by the availability of only two intact
533  skulls. Therefore, we tentatively vetaimat within &, macrurus. Thomas (1911a) described
534  Soriculus irene from Sichuan, This name has subsequently been treated either as a synonym
535  of E. macrurus (Allen, 1938;*Hoffmanns*1985; Hutterer, 2005) or as a subspecies (Smith
536 and Xie, 2009; Burgin & He, 2018;Wei et al., 2022). Our analyses reveal that populations
537  of E. macrurussfrom_different-fegions exhibit pronounced population structure in the
538  mitochondrial itree. However, the phylogenetic relationships within E. macrurus are
539 incensistent.between mitochondrial and nuclear datasets, suggesting a complex history of
540 population stfueture within this species. As a result, we refrain from proposing any
541  subspecifi¢elassification for this species in the present study. Further genomic and
542  geographie’ sampling will be needed to clarify the evolutionary history and taxonomy of
543  this species.

544  Distribution and habitat: Episoriculus macrurus is distributed in central Nepal,
545  northeastern India, northern Myanmar, northern Vietnam, and southwestern China,
546  including Sichuan, Xizang, Yunnan, and Chongqing. It inhabits mountain forests at

547  approximately 1100-4400 m. The very long tail can coil around branches, consistent with
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549

550 Episoriculus sacratus (Thomas, 1911) (Figures 2, 3; Table 1)

551

552 Common names: Sichuan Brown-toothed Shrew; K if K 2 i i

553  Soriculus sacratus Thomas, 1911. Thomas, 1911b. Abstracts of the Proceedings of the
554  Zoological Society of London 90: 4. Type locality: Emei Mountain, Sichuan, China.

555  Soriculus caudatus sacratus. Allen, 1923. American Museum Novitates;.5+

556  Episoriculus sacratus. Wang, 2003. A Complete Checklist of Mammal Species and

557  Subspecies in China and Their Distribution: 16.

558  Episoriculus caudatus sacratus. Hutterer, 2005: Order Soricomiorpha’ Iny Wilson &

559  Reeder, Mammal Species of the World (3rd ed.): 277.

560 Diagnosis: A medium-sized species of Episoricuius,#ith condyloincisive length 17.81-
561  18.79 mm. Tail shorter than head and body length. Talon-of the upper incisor small and
562 lower than the second upper unicuspid./The firstthree upper unicuspids are nearly
563  quadrangular, with basal width greater~than.or approximately equal to basal length.
564  Mandible robust; ascending ramus high-and broad,with an almost square dorsal tip. Height
565  of coronoid process 4.00-4.42.mm; height'of coronoid valley 2.72-2.83 mm.

566 Remarks: Thomas (191 Ib)describedsacratus from Emei Mountain, Sichuan. Allen (1938)
567 treated it as a subspecies,of E. caudatus. Although Anthony (1941) regarded sacratus as a
568  distinct speciesy” Alten’s arrangement was followed for several decades (Ellerman &
569  Morrison-Scott, 1951; Hoffmann, 1985; Hutterer, 2005). Motokawa et al. (2008) showed
570 thatE. equdatus issubstantially larger than the taxa then treated as its subspecies, including
571  sacratus,” soluensis, and umbrinus, and separated E. caudatus from that complex.
572  Following this separation, sacratus had priority as the species-level name for the remaining
573  complex that included sacratus, soluensis, and umbrinus.

574 Motokawa et al. (2009) subsequently reported clear karyotypic differences between
575  E. sacratus and E. soluensis, supporting their recognition as separate species. Episoriculus
576  sacratus from Sichuan has been reported with 2N = 58 and FN = 108, whereas Nepalese
577  E. soluensis has 2N =74 and FN = 126. Episoriculus umbrinus was separated primarily by
578  its smaller size. On this basis, Motokawa et al. (2009) treated E. caudatus, E. sacratus, E.
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579  soluensis, and E. umbrinus as distinct species, an arrangement that was followed by Burgin
580 and He (2018).

581 In our analyses, E. sacratus is closely related to E. umbrinus and is externally similar
582  to it, but it is larger and differs in cranial and mandibular proportions. The diagnostic
583  differences between these two species are discussed further under E. umbrinus.

584  Distribution and habitat: Episoriculus sacratus is endemic to western,Sichuan, China. It
585  occurs mainly in evergreen broad-leaved, coniferous, and rhododendron forests at
586  approximately 1500-4000 m and appears to occupy humid, shaded micrghabitats:

587

588 Episoriculus soluensis (Gruber, 1969) (Figures 25 35 Table 1)

589

590 Common names: Nepalese Brown-toothed Shrews JEJH 7K 2 Wil

591  Soriculus caudatus soluensis Gruber, 1969. Tiergeographisehe; 6kologische und

592  bionomische Untersuchungen an kleinen Sdugetieren’in Ost-Nepal. Khumbu Himal, 3:
593  3009.

594  Episoriculus sacratus soluensis. Motokawa et al., 2008. Integrative Zoology, 3: 183.

595  Episoriculus soluensis. Motokawa et al., 2009. Zoelogical Science, 26: 796.

596

597  Diagnosis: A medium-sized species of Episoriculus, with condyloincisive length 17.75-
598  18.88 mm. Tailshorter thanhead and body length and weakly bicolored. Dorsal surfaces
599  of the feet light brown centrally, with dirty-white margins. Talon of the upper incisor high,
600  neatly equaltin height.to the second upper unicuspid. The first three upper unicuspids are
601 rectangular ahdlonger than wide at the base.

602  Remarks: “Episoriculus soluensis was originally described as a subspecies of Soriculus
603  caudatus by Gruber (1969). Hoffmann (1985) considered it a synonym of E. caudatus, a
604 treatment later followed by Hutterer (2005). Motokawa et al. (2008) argued that E.
605  caudatus is much larger than the smaller taxa then included under it and should be
606  separated. After this separation, they elevated sacratus to species rank and treated soluensis
607  and umbrinus as subspecies of E. sacratus. Motokawa et al. (2009) subsequently showed

608 that E. soluensis differs karyotypically from E. sacratus and elevated it to species rank, a
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610 The skull of E. soluensis is variable in size. Two specimens from Yadong, Xizang,
611  are larger (CIL = 18.82-18.88 mm) than specimens from Gyirong (CIL = 18.36-18.75 mm).
612  In overall cranial length, E. soluensis is smaller than E. leucops and E. caudatus, but
613  overlaps with E. sacratus and E. umbrinus. This cranial overlap is also reflected in the
614  discriminant analysis, in which E. soluensis showed relatively low classification success
615  and was most often confused with E. umbrinus, indicating that craniodental measurements
616 alone do not reliably distinguish these two species. It differs from E._sackratus and E.
617  umbrinus in several dental and external characters. The talon of the upper ineisot is high
618  and nearly as tall as the second upper unicuspid, whereas in E. sacratus and ESumbrinus it
619  reaches less than half that height. The first three upper unicuspids~are rectangular and
620 longer than wide at the base, whereas in E. sacratus and E. umbrinus they are nearly
621  quadrangular. The feet of E. soluensis are paler,sespecially the forefeet, which are dirty
622  white rather than brown. The fourth upper unictuspid is_distinctly larger and medially
623  notched, whereas it is minute and dot-like in“E. sacratus and E. umbrinus. In addition,

624  postpalatal depth is smaller than in E. sacratus,

625  Distribution and habitat: Episoriculussoluensisis known from Nepal, northeastern India,
626  and Xizang, China, including Gyireng;“Y adong, and Dingjie. It occurs mainly above 2300
627 m and has been recorded to elevations above 4300 m. It appears to occupy damp, shaded
628  habitats with thick-leaf litter:

629

630 Episoriculus umbrinus (Allen, 1923) (Figures 2, 3; Table 1)

631

632 Commonname: Hidden Brown-toothed Shrew; z 5 K 2 ki il

633  Soriculus.caudatus umbrinus Allen, 1923. American Museum Novitates, 100: 5. Type
634 locality: Muchang, Zhenkang, western Yunnan, China.

635  Soriculus sacratus umbrinus. Anthony, 1941. Field Museum of Natural History: 69.

636  Episoriculus caudatus umbrinus. Hutterer, 2005. Order Soricomorpha. In: Wilson &

637  Reeder, Mammal Species of the World (3rd ed.): 278.

638  Episoriculus sacratus umbrinus. Motokawa et al., 2008. Integrative Zoology, 3: 184.

639  Episoriculus umbrinus. Motokawa et al., 2009. Zoological Science: 796.
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640  Diagnosis: Similar to E. sacratus but smaller, with condyloincisive length 16.68-18.55
641  mm. Tail slightly shorter than head and body length. The first three upper unicuspids are
642  nearly quadrangular, with basal width greater than or approximately equal to basal length.
643  Mandible less robust than in E. sacratus; ascending ramus narrower; coronoid process
644  tapering to a triangular tip. Height of coronoid process 3.61-3.99 mm; height of coronoid
645 valley 2.31-2.66 mm.

646  Remarks: Episoriculus umbrinus was long treated as a subspecies of E. ecaudatus (Allen,
647  1923; Hoffmann, 1985; Hutterer, 2005), although some authors placed ittundet.F-*sacratus
648  (Anthony, 1941; Motokawa et al., 2008). Motokawa et al. (2009).clevated.unibrinus to
649  species rank because it is smaller than both E. caudatus and E. sacratms. This treatment
650  was later followed by Burgin and He (2018), although-Wei'et al. (2022) retained it as a
651  subspecies of E. caudatus. More recently, Chen et al. (2025) reported a karyotype for the
652  Yunnan taxon that differs from those reported fot Ew.soluensis and E. sacratus, further
653  supporting its recognition as a distinct specics:

654 Our phylogenetic analyses recovet.&, umbrinus as sister to E. sacratus, and PCA
655  separates the two taxa. We thereforeyrecoghize, E~umbrinus as a valid species. The
656 relatively small Cyt b distance betwe€en’ E umbrinus and E. sacratus (5.3%) is interpreted
657  in the context of their stable-merpholegical differences, strong phylogenetic separation in
658 the available trees, geogtaphic struicture, and distinct karyotypic reports. The material from
659  Medog, Xizangthat-clustérs.with the “E. caudatus” of Liu et al. (2025) shows little Cyt b
660  divergence from'our Yunnan material (2.7%) and no obvious morphological difference.
661  Westherefore assign that'material to E. umbrinus. Morphologically, E. umbrinus is similar
662  to E. seluénsissand E. sacratus. Its differences from E. soluensis are discussed under the
663  account ofithat species. Compared with E. sacratus, E. umbrinus is smaller overall and
664  differs inthe shape and proportions of the coronoid process. In E. sacratus, the coronoid
665  process is high and broad, with an almost square tip; in E. umbrinus, it is narrower and
666  tapers to a triangular tip. Corresponding mandibular measurements are also smaller in E.
667  umbrinus: HCP 3.61-3.99 mm versus 4.00-4.42 mm in E. sacratus, and HCV 2.31-2.66
668 mm versus 2.72-2.83 mm in E. sacratus.

669  Distribution and habitat: Episoriculus umbrinus is known from Guizhou, Yunnan, and

670  Xizang in China, and from northeastern India, northern Myanmar, and northern Vietnam.
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671 It occurs mainly in evergreen broad-leaved, rhododendron, and coniferous forests at
672  approximately 1800-3500 m and appears to be relatively common within its range.

673

674 Episoriculus gaoligongensis sp. nov. (Figures 2, 3; Table 1, = Episoriculus sp. 1)
675

676  ZooBank registration: urn:lsid:zoobank.org:act:1 1BSOBCA-FE9A-481A-8111-
677  7858210DCI12F

678  Suggested common name: Gaoligong Brown-toothed Shrew; /522 53 K e iy

679  Holotype: KIZ: 040393, adult female, collected by Jing Luo on 26-November2023. Dried
680  skin, cleaned skull, and muscle tissue deposited in KIZ.

681  Type locality: Shiyueliang Town, Fugong County, Gaoligong Mountains, Yunnan, China,
682  27.169°N, 98.486°E, 2682 m a.s.l.

683  Paratypes: KIZ: 040394, adult male, collected.by Changzhe Pu on 28 November 2023 at
684 2199 m from the type locality; KIZ: 040392, adult female, collected on 10 April 2014 from
685  Mangkuan, Baoshan, Gaoligong Mountaifis, Yunnan, China, 25.292 °N, 98.744 °E, 2829
686 m a.s.l. Both paratypes are depositedin KIZ.

687  Additional specimens: KIZ: 04039}, KIZi 040395, and KIZ: 040396 collected from
688 Medog, Xizang, China. All.ar¢-deposited in KIZ.

689  Etymology: The specific epithet refers to the Gaoligong Mountains, where the type locality
690 is situated. The Latinsuffix*=enmsis denotes origin or belonging.

691  Diagnosis: A small species of Episoriculus, with condyloincisive length 17.76-18.08 mm,
692  mean 1%.87.0. 1'5«mm+Dorsal pelage yellowish brown to grayish brown, venter pale gray.
693  Tail slightly” longér than head and body length, TL/HB = 103-120%, and distinctly
694  bicolored, with a gray dorsal surface and pale ventral surface. Talon of the upper incisor
695  much lower than the second upper unicuspid. The first three upper unicuspids are nearly
696  quadrangular, with basal width greater than or approximately equal to basal length.

697  Description: Dorsal pelage yellowish brown to grayish brown; ventral pelage pale gray.
698  Tail slender, slightly longer than head and body length, and distinctly bicolored, with a
699  gray dorsal surface and pale ventral surface. Dorsal surfaces of the hands and feet dirty

700  white, with a light-brown central area.
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701 Skull generally triangular in dorsal view, with a moderately long rostrum, strongly
702  domed and smooth braincase, and weak lambdoidal and sagittal crests. Mandible slender.
703  Coronoid process short, with a triangular tip, and rising almost vertically. Condyloid
704  process short; angular process long, thin, and straight. Dentition 1.4.1.3/1.1.1.3 =30. Talon
705  of the upper incisor small and much lower than the second upper unicuspid. Four upper
706  unicuspids present; The first three upper unicuspids are nearly quadrangular, with basal
707  width greater than or approximately equal to basal length. U!-U? decrease gradually in size;
708  U*is greatly reduced, but larger than those in E. sacratus and E. umbrinuss P¥and M!
709  deeply excavated posteriorly. All teeth except U* have dark chestaut pigment‘on the cusp
710  tips.

711  Comparison: Episoriculus gaoligongensis sp. nov.*has a'tail slightlylonger than head and
712  body length, similar to E. leucops, but much shorter, than that'of E. macrurus, in which
713  TL/HB exceeds 130%. It differs from E. caudatus, E=sdacratus, E. soluensis, and E.
714  umbrinus by having a relatively longer tail. Its pale-gray ventral pelage resembles that of
715  E. macrurus but differs from the darker or less.contrasting ventral pelage of most other
716  species in the genus. The distinctly bicolored tailralsé resembles that of E. macrurus, but
717  differs from the dark or only weakly bicoleted tails of most other Episoriculus species.
718 In cranial size, E. gdoligongensis sp. nov. is much smaller than E. leucops and E.
719  caudatus. Its mean ' CIL 1s_17:87 mm, compared with 19.61 mm in E. leucops and 19.38
720 mm in E. caudatus. Theffirst three upper unicuspids are nearly quadrangular, with basal
721  width greater than“er-approximately equal to basal length, unlike those of E. leucops and
722  E’soluensis, in Which they are longer than wide. The talon of the upper incisor is much
723  lower than'the se€cond upper unicuspid, unlike in E. soluensis, where the talon is high and
724  nearly reaches the height of the second upper unicuspid. A concise comparison of external,
725  dental, and cranial diagnostic characters is provided in Supplementary Table S5.

726  Distribution and habitat: Episoriculus gaoligongensis sp. nov. is known from Baoshan
727  and Fugong in the Gaoligong Mountains, Yunnan, and from Medog, Xizang, China.
728  Specimens were collected in evergreen broad-leaved forest at 2100-2829 m. Under natural
729  conditions, the tail is sometimes curved, and several specimens were captured in trees,

730  suggesting a semi-arboreal habit similar to that of E. macrurus.
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731

732 Episoriculus damuensis sp. nov. (Figures 2, 3; Table 1, = Episoriculus sp. 2)
733
734  ZooBank registration: urn:lsid:zoobank.org:act: ASB9C738-7976-453F-B9SE-

735  7173EDFBCFA5S
736  Suggested common name: Damu Brown-toothed Shrew. 1A A K J i
737  Holotype: KIZ: 040418, adult female, collected by Jing Luo on 30 Octeber'2018. Dried

738  skin, cleaned skull, and muscle tissue deposited in KIZ.

739  Type locality: Damu Town, Medog, southeastern Xizang, China;29.7012.N, 95.527° E,
740 2617 ma.s.l.

741  Paratypes: KIZ: 040397, adult female; KIZ: 040398, adult.female; KIZ:.040419, adult male,
742  collected in October 2018; and KIZ: 040420, adultsmale, cellected in May 2019. All
743  paratypes were collected from the type locality.and aré.depesited in KIZ.

744  Etymology: The specific epithet refers to Damu Town, Medog, the type locality. The Latin
745  suffix -ensis denotes origin or belonging:

746  Diagnosis: A medium-sized spegies”of Episorictlusy with mean condyloincisive length
747  18.63 £0.10 mm. Pelage dense and soft, with/guard-hairs approximately 6 mm long, among
748  the longest observed in thesgenus. Tatkuniformly dark brown, approximately equal to or
749  slightly longer than head and body length. Rostrum long and narrow. The first three upper
750  unicuspids are rectangular and-onger than wide at the base. Talon of the upper incisor high,
751  nearly equal intheight to'the second upper unicuspid.

752  Description:.Mean.external measurements are approximately as follows: body mass 5.4 g,
753  head andvbody length 62 mm, tail length 69 mm, and condyloincisive length 18.63 mm.
754  Pelage uniformly dark brown over the body. Fur dense and soft, with hairs approximately
755 6 mm long, among the longest observed in Episoriculus. Tail approximately equal to or
756  slightly longer than head and body length, with TL/HB = 96-120%, and uniformly dark
757  brown. Dorsal surfaces of the hands and feet also dark brown.

758 Rostrum relatively longer and narrower than in other species of Episoriculus.
759  Braincase strongly domed and smooth, with weak lambdoidal and sagittal crests. Mandible

760  slender. Coronoid process high, with a rounded tip, and rising nearly vertically. Dentition

761  1.4.1.3/1.1.1.3 = 30. Talon of the upper incisor high, nearly equal in height to the second
25
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762  upper unicuspid. Four upper unicuspids present; the first three upper unicuspids are
763  rectangular and longer than wide at the base, U'-U? decreasing gradually in size; U* minute
764  and dot-like. P* and M! deeply excavated posteriorly. All tooth tips except U* pigmented
765  dark chestnut.

766  Comparison: Episoriculus damuensis sp. nov. has pelage hairs approximately 6 mm long,
767  similar to E. leucops but longer than those observed in most other species of the genus, in
768  which hair length is approximately 4 mm. The tail is approximately €qual to or slightly
769  longer than head and body length, making it relatively longer than'in E. ¢audatus, E.
770  sacratus, E. soluensis, and E. umbrinus, but shorter than in E. macrurus, Its uniformly dark
771  brown pelage is much darker than that of E. gaoligongensis spshov. ahdwE. macrurus.
772 In cranial size, E. damuensis sp. nov. is similar to E. sacratis and’E. soluensis, with
773  mean CIL values of 18.63 mm, 18.28 mm, and 18,29 mm, respectively. It is smaller than
774  E. leucops and E. caudatus, with mean CIL values of 19,61.mm and 19.38 mm, respectively,
775  but larger than E. gaoligongensis sp. nov., E. #nacrurus, and E. umbrinus, with mean CIL
776  values of 17.87 mm, 17.59 mm, and 17.68 mm,.respectively. The rostrum is relatively
777  longer and narrower than in other speetes of Episorienlus. The first three upper unicuspids
778  are longer than wide at the base, ‘as inh E. Jeucops and E. soluensis, rather than nearly
779  quadrangular as in most othersspecies.=TFhe talon of the upper incisor is nearly as high as
780  the second upper unicuspid, similar;to E. soluensis and unlike the lower talon observed in
781  E. caudatus, E. gaoligongensis-sp. nov., E. macrurus, E. sacratus, and E. umbrinus. The
782  fourth upper uni¢uspid is minute, as in E. sacratus and E. umbrinus, but smaller than in
783  most other=species. A-Concise comparison of external, dental, and cranial diagnostic
784  characters‘is.provided in Supplementary Table S5.

785  Distributiomiand habitat: Episoriculus damuensis sp. nov. is known only from Medog,
786  Xizang, China. Specimens were collected in evergreen broad-leaved forest at 2560-2700
787 m.

788

789 Key to the species of Episoriculus and Pseudosoriculus

790 1. Posterior margins of P* and M!' only weakly concave; known only from
A% N T 1\ 7 | o U Pseudosoriculus fumidus

792  Posterior margins of P*and M! deeply concave; not known from Taiwan ........................ 2
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793 2. Tail very long, exceeding 130% of head and body length .............. Episoriculus macrurus

794 Tail shorter, less than 130% of head and body length .....................o il 3
795 3. Larger species, CIL > 19.0 MM ..ooiiiiiiiiiiiiiiiieeeteeeeeeee et 4
796 Smaller species, CIL < 19.0 MM ...oouiiiiiiiiiiiiiiiiieeieseeeeeeee e 5

797 4. Braincase narrower, CB < 9.5 mm,; first three upper unicuspids nearly quadrangular or
798  broader than long at the base......ccccccooiiiiiiiiiiiiiieeee i
799  Episoriculus caudatus

800 Braincase broader, CB > 9.5 mm; first three upper unicuspids rectangular,and longer
801 than wide at the  DaSE.....ccccooiiiiiiiiiiieee s e Fhmaasd e bt
802  Episoriculus leucops

803 5. Talon of upper incisor large, nearly equal in height to.the second.upper unicuspid; first

804  three upper unicuspids longer than Wide ..............f.0 i 6
805 Talon of upper incisor small, clearly lower than the,seécond fipper unicuspid; first three
806  upper unicuspids broader than long ............de o e 7
807 6. Tail approximately equal tos ‘or _longer than head and body
808 length ......coooiiiiiii e L Episoriculus damuensis
809  sp.nov.

810 Tail shorter than head andbody Iength=.................cccoeriinnnnnnn. Episoriculus soluensis

811 7. Tail longer than head and body/length; tail distinctly bicolored, with gray dorsal surface
812  and pale ventral SUrface .... s eeeeveerreeieeiieieenee, Episoriculus gaoligongensis sp. nov.
813 Tail shorter than head and body length; tail uniformly dark or only weakly bicolored ....8
814 8. /Coroneid process” high and broad; HCP > 4.0 mm; HCV > 2.7

815 MM L e, Episoriculus sacratus

816 Coronoidprocess lower and narrower, tapering to a triangular tip; HCP <4.0 mm; HCV
817 <2 T MMt eaaeens Episoriculus umbrinus
818

819  DISCUSSION
820  Implications for taxonomy
821 The taxonomy of Episoriculus has long been contentious because several nominal

822  taxa lack consistent morphological diagnoses and previous studies were based on limited

823  geographic sampling (Motokawa et al., 2009; Abramov et al., 2017; Burgin & He, 2018;
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824 Liu et al.,, 2025). Following a diagnosis-and-monophyly-based phylogenetic species
825  concept (Gutiérrez & Garbino, 2018), we treated species as diagnosable lineages supported
826 by morphological evidence and phylogenetic separation in mitochondrial and/ or nuclear
827  datasets, with geographic structure, karyotypic information where available, nomenclatural
828  history, and sequence divergence used as additional context rather than as fixed species-
829  delimitation thresholds. By integrating broad sampling across the Himalaya-Hengduan
830  Mountains with morphological, mitochondrial, and nuclear data, including complete
831 mitochondrial genomes for representative OTUs, we provide/ a comptrehensive
832  reassessment of the genus.

833 At the generic level, Pseudosoriculus is retained as a merphologically diagnosable
834  genus distinct from Episoriculus, although its deeper. phylogenetic /;placement within
835  Nectogalini remains unresolved. Within Episoriculusywe recognize eight valid species,
836  including the two new species described here, E. gdoligongensis sp. nov. and E. damuensis
837  sp.nov. Several controversial cases are treated consetvatively under the same framework:
838  E. baileyi is retained as a subspecies of.E. leucops because available evidence does not
839  show stable diagnostic morpholegy~or independent, molecular support comparable to
840 recognized species, and the Jiaozi Snow Mountain.population (E. sp. 3) is retained within
841 E. macrurus because its mitoechondrial-distinctiveness is not corroborated by nuclear or
842  consistent morphologicali evidence. Our analyses also clarify previous taxonomic
843  misinterpretations. .For instance; specimens from Medog previously suggested as a
844  potentially undescribed species are confirmed as E. caudatus, whereas other material
845  assigned to-E. caudatus-in Liu et al. (2025) is more appropriately referred to E. umbrinus.
846 Despite<Clear genetic differentiation among species, morphological variation within
847  Episoriculusis relatively subtle, likely reflecting rapid diversification and morphological
848  conservatism. Nevertheless, several traits, including body size, tail length, pelage
849  coloration, and dental morphology, provide reliable diagnostic characters for species
850  delimitation. Interestingly, early-diverging lineages such as E. gaoligongensis sp. nov. and
851  E. macrurus share several traits, including relatively small body size, long tails, and paler
852  pelage, which may reflect morphological conservatism among some early lineages of the
853  genus. Collectively, these results demonstrate that an integrative taxonomic framework is

854  essential for resolving species limits in morphologically conservative montane mammals.
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855  Inconsistency between mitochondrial and nuclear phylogenies

856 In our study, we observed substantial discordance between mitochondrial and nuclear
857  phylogenies. One notable example involves the phylogenetic position of P. fumidus (Figure
858 1C, D). In the mitochondrial-genome phylogeny, P. fumidus was recovered as the basal
859 lineage of Nectogalini, whereas in the nuclear tree it grouped with a clade containing
860  Soriculus and Chodsigoa, although this relationship received weak suppert. This conflict
861 illustrates the uncertainty in resolving the deeper placement of P. fumidus within
862  Nectogalini using the present datasets. In addition, the internal structure of E. macrurus
863  differed markedly between mitochondrial and nuclear datasets, ‘Sueh..mito-nuclear
864  incongruence appears to be widespread in small mammals and has‘beén-attributed to rapid
865  speciation, incomplete lineage sorting (ILS), and, in some, cases, iitrogression or historical
866  hybridization (He et al., 2010; Chen et al., 2022;"Zhang et al.,.2022, Li et al., 2026). Our
867  divergence-time analyses suggest that Nectogalini underwent/rapid radiation during the
868  middle Miocene, whereas E. macrurus populations‘diversified rapidly during the early
869  Pleistocene. During rapid diversification-multipledineages split within short evolutionary
870 intervals, leaving insufficient time for“ancestral,polymorphisms to sort completely among
871  descendant taxa. Such conditions frequently generate discordant gene trees across loci and
872  are widely recognized as"a.major Cause“of mito-nuclear incongruence (Steenwyk et al.,
873  2023). Therefore, the conflicting placement of P. fumidus and the discordant internal
874  structure of E. macrurus ate-plausibly explained by incomplete lineage sorting associated
875  with rapid diversification.

876 We alse.found thatphylogenies inferred from short mitochondrial fragments (Cyt b +
877  12S5) placedErmacrurus and E. gaoligongensis sp. nov. outside the main Episoriculus
878 clade, whereas both complete mitochondrial genomes and nuclear loci recovered these taxa
879  within a monophyletic Episoriculus. Similar inconsistencies between short mitochondrial
880  markers and multilocus datasets have also been reported in Soriculus (Jiang et al., 2023;
881  Chen et al., 2024). One important contributing factor is the inherent limitation of short
882  mitochondrial fragments. Compared with complete mitochondrial genomes or multilocus
883  datasets, short mtDNA sequences contain relatively few informative sites and therefore
884  provide limited phylogenetic signal, particularly in rapidly diversifying taxa with shallow

885  divergence histories. In addition, because mitochondrial DNA reflects only maternal
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886  lineage history, mitochondrial divergence may overestimate species-level differentiation
887 and exaggerate phylogenetic structure relative to the nuclear genome. Overreliance on
888  short mitochondrial markers or DNA barcodes may therefore lead to unstable taxonomy,
889  misleading phylogenetic inference, and even taxonomic inflation (Thomson et al., 2018;
890  Raposo et al., 2020). Our results therefore highlight the need for caution when interpreting
891  phylogenetic patterns inferred from short mitochondrial sequences alone, particularly in
892  rapidly diversifying montane systems characterized by recent radiation and complex
893  geographic histories. Integrative approaches combining morphology with multilocus or
894  genomic-scale evidence are likely essential for robust species, delimitation and
895  phylogenetic inference in these groups.

896  Diversification and biogeography

897 The discovery of E. gaoligongensis sp.snovs has important implications for
898  understanding the biogeographic history of EpisoFiciluss. bécause this species represents
899  the earliest-diverging lineage recovered in/ouf analyses. Previous studies have proposed
900 contrasting hypotheses regarding the origin and dispgrsal of Nectogalini. Based partly on
901 fossil evidence, He et al. (2010) suggested that the.tribe originated in Europe, dispersed
902  eastward through western Siberia, and subsequently-€ntered southwestern China via a high-
903 latitude route. However, thishypothesis-is‘difficult to reconcile with the occurrence of older
904  Soriculus-like fossils from Kashmir/(Storch et al., 1998). Alternatively, Yuan et al. (2013),
905 using Cyt b data"from/Neomyssproposed a low-latitude dispersal route through Central
906  Asia into the southern Himalayan foothills and suggested that Soriculus, Nectogale, and
907  Episoriculus. may.have-followed a similar pathway. Additional support for this scenario
908 was provided’by Bover et al. (2018), who recovered a relatively close relationship between
909 the Mediterranean fossil Nesiotites hidalgo and the Himalayan endemic Soriculus
910 nigrescens: Our divergence estimates place the split between E. gaoligongensis sp. nov.
911 and the remaining Episoriculus lineages at approximately 11.52 Ma, indicating that the
912  ancestral lineage had already reached southwestern China by the middle Miocene. This
913 timing is therefore more consistent with a low-latitude dispersal scenario than with a later
914  high-latitude colonization of the Himalaya-Hengduan region. Our results further suggest
915  that Medog and the Gaoligong Mountains represent major centers of diversification and

916  persistence for Episoriculus. Species richness is highest in Medog, where six species occur
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917  (E. macrurus, E. gaoligongensis sp. nov., E. damuensis sp. nov., E. umbrinus, E. caudatus,
918 and E. leucops), although E. leucops appears to be rare in the region, with only a single
919  specimen recorded. The Gaoligong Mountains also harbor multiple species, including the
920 earliest-diverging lineage, E. gaoligongensis sp. nov.

921 Diversification within Episoriculus may have been shaped by multiple interacting
922  mechanisms, including tectonic reorganization, climatic oscillations, ecological
923  differentiation, and geographic isolation. Our divergence-time estimates indicate that the
924  most recent common ancestor of Episoriculus (excluding Pseudosoriculits)“dates to
925  approximately 12.17 Ma (95% CI = 9.49-15.76 Ma), whereas_the earliest.internal split
926  occurred at approximately 11.52 Ma. These events broadly ¢oincide~with tectonic and
927  climatic changes near the middle-late Miocene transition, (Spicer‘et.al.,;2020), suggesting
928 apossible temporal association between environmental:<change.in the Himalaya-Hengduan
929  region and the initial diversification of the genus. The ‘subsequent divergence of the E.
930  soluensis + E. damuensis sp. nov. lineage atapproXimately 5.25 Ma falls near the Miocene-
931  Pliocene boundary, whereas later divergences involving E. caudatus, E. soluensis, and
932  populations of E. macrurus cluster near the Pliocene-Pleistocene transition. Taken as an
933  approximate temporal framework,rather/than a_set of precise divergence dates, these
934  estimates suggest that diversification-in-Episoriculus may have coincided with Neogene
935  environmental change ‘and later Quaternary climatic oscillations in the Himalaya-
936  Hengduan biodiversity hotspot(Spicer et al., 2020; Lu et al., 2025). This interpretation is
937  necessarily cautious because formal sensitivity analyses using alternative calibration
938  schemes were not_performed. Ecological differentiation may also have contributed to
939  coexistenee atid diversification within the genus. E. macrurus and E. gaoligongensis sp.
940 nov. exhibitysemi-arboreal habits, whereas the remaining species are predominantly
941 terrestrial;“suggesting possible niche partitioning that may reduce direct competition
942  among sympatric taxa. In addition, E. damuensis sp. nov., E. umbrinus, and E. caudatus
943  occupy distinct elevational zones in Medog, with E. damuensis sp. nov. primarily
944  distributed at 2560-2700 m, E. umbrinus at 2080-2230 m, and E. caudatus mainly below
945 1960 m. Comparable elevational segregation has also been documented in Soriculus (Chen
946  etal., 2024). Such patterns are consistent with the hypothesis that steep altitudinal gradients

947  in the Himalaya-Hengduan region facilitate ecological differentiation across elevational
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948  belts. In addition to ecological differentiation, major river systems may have acted as
949  barriers to dispersal and gene flow within Episoriculus. In particular, the Jinsha River is a
950 plausible historical barrier associated with the divergence between the sister species E.
951  umbrinus and E. sacratus, which split during the early Pleistocene (~2.02 Ma).
952  Episoriculus sacratus is restricted to western Sichuan north of the upper Yangtze River,
953  whereas E. umbrinus occurs primarily south of the Jinsha River. Similarriverine barriers
954  have been implicated in diversification processes in many other montanésmammals from
955 the Hengduan Mountains, where deep valleys and river systems frequently“testrict
956  dispersal and promote allopatric divergence (Chen et al., 2017; He.et al.,"2019).

957 Taken together, these patterns suggest that diversificationswithin Episoriculus is
958  consistent with historical influences of geological, climaticy ecological, and geographic
959  processes across the southeastern Himalaya-Hengduan” Mountains. The concentration of
960  both extant diversity and deep phylogenetic lineages in this.fegion further suggests that it
961 may have functioned as both a long-term/refugium, and a center of diversification for
962 montane small mammals. Long-term'.envitonmental stability, complex topography,
963  repeated climatic oscillations, ecological heteregeneity, and riverine barriers are plausible
964  contributors to lineage persistence and.diversification, but their relative roles remain to be
965  tested explicitly with denser~genomics=eCological, and biogeographic analyses. Similar
966  patterns have been documented in other montane vertebrates from southwestern China,
967  where heterogencous_'habitats.+have generated high levels of cryptic diversity and
968  phylogeographicistructure (Wan et al., 2018; He et al., 2019; Song et al., 2025; Zhu et al.,
969  2025; Li ctal., 2026).
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Figure 1. Sampling localities, PCA, phylogenetic relationships, and divergence-time
estimation of Episoriculus and related taxa. (A) Geographic distribution of the sampled
specimens. (B) Results of the principal component analysis (PCA). (C) Bayesian
Phylogenetic tree based on the concatenated mitochondrial 12S rRNA and Cyt b genes.
(D) Bayesian Phylogenetic tree based on the concatenated nuclear genes. (E) Bayesian
phylogenetic tree based on mitochondrial genomes. (F) Divergence times.estimated using

BEAST. Red stars indicate secondary calibration points.
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1207  Figure 2. The ventral, dorsal, and lateral views of the skull of (A) E. sp. 1 (KIZ: 040393),
1208  (B) E. sp. 2 (KIZ: 040418), (C) E. caudatus (KIZ: 040425), (D) E. leucops (KIZ: 040424),
1209 (E) E. macrurus (KIZ: 040423), (F) E. sacratus (AHNU: SC2110093), (G) E. soluensis
1210 (KIZ: 040422), (H) E. umbrinus (KIZ: 040421), and (I) P. fumidus (KIZ: 040412).

1211

(A)E. sp. 1 (B) E. sp.2 (C) E. caudatus (D) E. lencops

(L) E. macrurus (K) E. sacratus (G) E. seluensis (H) E. umbrinus

‘——‘f"%‘/
oy -aly
’f’f@.—’e—".«/

U Lun

1212
1213  Figure 3. Dorsal and ventral views.of the.skin of (A) E. sp. 1 (KIZ: 040393), (B) E. sp. 2

1214  (KIZ: 040418), (C) E. caudatus, (KIZ: 040361); (D) E. leucops (KIZ: 040426), (E) E.
1215  macrurus (KI1Z: 040427), (F) E. sacratus (AHNU: SC2110093), (G) E. soluensis (KIZ:
1216  040422), and (H) E. umbrinus (KIZi 040428).
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Table

Table 1. Means (mm), standard deviations, ranges, and sample sizes of morphological measurements for different operational taxonomic

units (OTUs) of the genus Episoriculus and Pseudosoriculus.

Variable E. sp. 1 E.sp.2 E. caudatus E. leucops E. macrurus E. sp.3 Elsacratus E. soluensis E. umbrinus P. fumidus
N=4 N=5 N=7 N=15 N=29 N=2 N=5 N=6 N=14 N=3
WT 44 £ 03 54£17 6.120.9 7.5+1.4 4.7+0.8 5:7::0.9 6.3+0.6 4.7+0.8 6.0+0.9
4.0-4.6; 4 43-84;5 4.8-7.0;7 5.9-10.6; 14 3.6-6.9; 29 2,9-3.7 47-6.9;5 5.8-7.3;6 3.1-6.3; 14 5.0-6.8;3
HB 605 624 643 68+4 603 642 6242 605 6343
54-65; 4 60-68; 5 60-69; 7 60-77; 15 55-65; 29 47-52 62-67; 5 60-65; 6 52-70; 14 60-65; 3
TL 67+3 69+3 614 717 905 5942 5542 5245 4843
63-71; 4 65-72; 5 55-65;7 55-82; 15 81-101; 29 72-82; 56-60; 5 53-57;6 44-62; 14 45-50; 3
HF 14+1 14+0 1343 15+1 1547 130 13+1 13+1 13+1
13-15; 4 13-14; 5 5-15;7 13-17; 15 12417, 29 13-17 13-13; 5 12-14; 6 11-14; 14 12-13;3
EL 8+1 9+1 8+1 842 842 10+1 81 741 840
7-9; 4 8-9;5 7-10; 7 5-11; 14 411,98 8-10 9-11; 5 6-9; 6 4-9; 14 8-9;3
CIL 18.630.10 19.38+0.22 18.28+0.36 18.51+0.49
17.8740.15 19.6140.30 17.59+0.41 18.29+0.49 17.68+0.58
17.76-18.08; 4 ;8‘53'18'79; ;9‘03'19'72; 10.15:20109; 15+ 16.58-18.46;29  16.86-16.93 ;7‘81'18'79; 17.75-18.88;6  16.68-18.55; 14 ;8'19_19‘07;
PIL 7.89+0.11 8.21£0.15 8.61+0.05 8.67+0.22 7.57+0.23 7.98+0.26 8.17+0.26 7.73+0.30 8.12+0.26
7.80-8.03; 4 8.00-8.42;5  .856:8.687.  “8.35:905; 15 7.02-7.90; 29 7.18-7.53 7.60-826;5  7.80-8.40;6 7.17-8.20; 14 7.95-8.42; 3
PPL 7.98+0.15 7.74+0.12 8.21::0,22 8131+0.24 7.55+0.20 7.88+0.11 7.61£0.21 7.50+0.22 8.08+0.24
7.79-8.13; 4 759-790;5  7.89-849,7.  7.82-8.57;15 6.99-8.08; 29 7.00-7.48 7.79-807;5  7.35-7.90;6 7.15-7.89; 14 7.82-8.29; 3
RL 6.25+0.17 6.99+0.34 6.87+0.11 7.10£0.17 6.09+0.21 6.36+0.30 6.78+0.29 6.36£0.22 7.02+0.22
6.05-6.42; 4 6.77-158;,5  6.65-697;7  6.77-7.38; 15 5.62-6.48; 29 5.58-5.66 6.08-6.82;5  6.29-7.19;6 6.04-6.81; 14 6.80-7.24; 3
PPD 3.48+0.12 3.51+0.05 3.68+0.10 3.81+0.14 3.6840.11 3.81+0.12 3.51+0.09 3.4040.11 3.55+0.05
333-3.61;4 345-357;5  3.53-384;7  3.54-4.09; 15 3.43-3.91;29 3.52-3.81 3.63-393;5  3.37-361;6 3.18-3.51; 14 3.51-3.60; 3
10B 4.06+0.07 4.19+0.12 4.20+0.09 4.43+0.14 4.06+0.13 4.13+0.08 4.100.11 3.97+0.12 4.39+0.18
3.97-4.13; 4 400-431;5  4.08-433;7  422461;15 3.78-4.28; 29 3.93-3.98 4.02-423;5  3.97-426;6 3.79-4.13; 14 4.22-458;3
44
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CB 8.69+0.17 9.05+0.13 9.32+0.13 9.830.21 8.6240.21 9.0120.12 9.18+0.25 8.83+0.25 9.28+0.25
8.43-8.82;4 887-9.18;5  9.12949;7  9.53-10.36; 15 82289529  832-8.38 892.9.18;5  8.89-9.52;6 84392414  9.13:9.57;3
MB 5.07+0.13 5.13+0.11 5.58+0.17 5.93£0.20 5.08+0.15 5.4120.11 5.3620.16 5.1340.30 5.3120.07
4.98-5.27; 4 5.03-530;5  534580;7  5.59-6.22;15 479532;29  4.82:495 526-556;5  5.11-5.55;6 46757414 523536;3
MEM?2 4.69+0.14 4.69+0.08 5.24+0.14 5.3520.19 4.610.15 5.0220,14 4.9020.13 4.68+0.19 4.93£0.01
459-4.89; 4 456-4.79;5  5.11-547;7  4.985.74; 15 43148929  4.40-4.60 48951755  4.72-5.09;6 44549514  4.93-4.94;3
UTL 7.64+0.12 7.90+0.16 8.3240.09 8.45+0.21 7354023 765024 7.95+0.28 7.510.36 7.95£0.33
747774, 4 7.71-8.13;5  8.14.839;7  7.958.77;15 6.737.64;29  7.11-7.49 7338005  7.60-8.29; 6 698-8.12;14  7.65831;3
PLME 4.52+0.08 4720.12 4.98+0.05 5.0240.11 4.60+0.15 4,69+0.12 474+0.12 4.49+0.19 4.85£0.11
4.40-4.59; 4 455484;5 4905057  4.765.16; 15 4204.88,29 440467 4574825  459-487;6 4.164.79;14  4.76-4.97;3
CH 5.64+0.11 5.83+0.10 6.07+0.14 6.09+0.19 5.67+0.46 6.10+0.28 5.85:0.42 5.56+0.19 5.86:0.09
5.54-5.77;4 5.69-595,5  5.84.624;7  5.82-6.53;15 3.76-6.29;29 [ o 547-5.48 5.68-637;5  5.42-638;6 526-5.84;14  5.78-5.95;3
BMF 32120.12 3.12+0.06 3.1920.09 3.3320.12 3.29+0.14 2.79+0.16 3.00+0.17 2.93+0.08 3.1420.13
3.06-3.34; 4 3.06322;5  3.053287  2.99-3.52;15 3.093159:29 % |3.24-331 2.622.96;5  2.85-331;6 2763.08;14  3.003.26;3
LTR 7.0120.10 7.35+0.18 7.78+0.06 7.83+0.20 6.740.17 7.11£0.23 7.2240.48 6.98+0.33 726031
6.93-7.15; 4 7087585 7717857  7.36-8.16; 15 6:34-7101729™,_6.40-6.76 6817385  6.36-7.69; 6 6457.50;14  7.03-7.61;3
MdL 11.76+0.14  12.14+0.11 11.11£0.22 11.45+0.34
10.9240.05 12.24+0.28 10.57:028 11.3420.50 10.87+0.38
10.85-10.97; 4 H7-11.90: ;2‘01'12'36; 11.83-12.72°15 ~"9:88°11.19;29  10.07-10.60 O93TLAT 61 197;6  10.22-11.53; 14 ML
LLMn  3.71+0.13 3.93+0.07 4.18+0.09 421013 3.86+0.10 3.9940.15 3.86+0.14 3.76:0.16 3.99+0.19
3.613.88;4 3.874.04;5  4.03-429;7 [ 393442, 15 3.604.00;29  3.73-3.93 3.784.14;5  3.66-4.03;6 3.45-4.00; 13 3.784.11;3
HCP 3.98+0.13 4.16+0.05 420+0.12 427+0113 3.98+0.13 4.19£0.16 4.1120.18 3.82+0.13 3.91£0.10
3.834.12;4 4.10423;5 40843657 “4.05-445; 15 3.74424;29 373381 4.00-442;5 3854316 3.613.99; 14  3.83-4.02;3
HCV 2.56+0.05 2.61£0.05 3.79:0,11 2079+0.11 2.54+0.22 2.79+0.05 2.65£0.15 251012 2.700.05
2.50-2.61; 4 2562.69;5  2.62-298.7 ~ 2.51-3.02; 15 2303.5529  2.462.48 272283;5 2382836 2312.66; 14 2.64-2.74;3
HAC 3.16:0.14 3.46+0.12 3574014 3.61£0.08 3.12+0.12 3.4120.11 3.28+0.08 3200.15 3.34+0.12
3.02-3.33;4 3283.60;5 3303687 343371315 2.85330;29  2.97-3.26 3303.54;5  3.22342;6 2993.50;14 3273483
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1222
1223
1224

1225
1226
1227
1228

craniodental measurements of Episoriculus and Pseudosoriculus.

Principal
Variables Component
1 2

MdL 0.965 0.120
PIL 0.956 0.148
UTL 0.945 0.166
LTR 0.945 0.124
CIL 0.944 0.240
RL 0.904 -0.012
M?2-M? 0.888 0.252
CB 0.880 0.226
HAC 0.870 0.150
MB 0.858 0.316
pt-M3 0.827 0.427
PPL 0.802 0.330
LLMn 0.766 0.495
HCP 0.705 0.432
HCV 0.650 0.129
I0B 0.638 0.519
CH 0.612 0.343
PPD 0.247 0.821
BMF -0.052  0.783
Eigenvalue 0.965 0.120
Percent variance explained (%) 63.54 14.67

= ZR

Table 2. Factor loadings, eigenvalues and percentage of variance explained by the first two

principal components of the principal component analysis of 19 logio-transformed
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1229  Table 3. Pairwise Cyt b uncorrected (p) genetic distances (%) among OTUs of Episoriculus
1230  and Pseudosoriculus based on the Cyt b gene.

E sp.1 E sp.2 E.sp.3 E caudatus FE.leucops E.macrurus E.sacratus E. soluensis E. umbrinus

E sp. 1
E. sp.2 0.153
E. sp.3 0.149 0.150

E. caudatus  0.149 0.129 0.144
E. leucops 0.138 0.122 0.142 0.107

E. macrurus  0.122 0.140 0.066 0.128 0.124

E. sacratus  0.148 0.123 0.138 0.081 0.112 0.131

E. soluensis  0.140 0.117 0.148 0.113 0.115 0.131 0107

E. umbrinus  0.130 0.106 0.135 0.071 0.092 0.122 0:053 0.095

P. fumidus  0.146 0.166 0.161 0.156 0.156 0.128 0.161 0.140 0.147
1231

1232  Supplementary Table S1. Samples, sampling-localities=and DNA sequences used for
1233  molecular analyses.

1234  Supplementary Table S2. The complete mitochondrial genomes used for phylogenetic
1235  analyses.

1236  Supplementary Table S3. Fhe'bestfit-partitioning schemes and evolutionary models
1237  estimated using PartitionFinder:

1238  Supplementary Table S4..Results/of the discriminant analysis.

1239  Supplementary Table SS. Diagnostic comparison of the two new species and related
1240  Episoriculus species.

1241  Supplémentary Figure S1. Maximum-likelihood phylogenetic tree of the genus
1242  Episoriculus based on the concatenated datasets of (A) mitochondrial 12S rRNA and Cyt
1243 b genes,(B)./nuclear genes and (C) the mitochondrial genome. Numbers beside nodes
1244  indicate SH-aLRT support (%)/ultrafast bootstrap support (%), respectively; support values
1245  of 100/100 are not shown.

1246

1247

1248

1249
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1250 ZREAREE (AL FLERIE: BB WRZEZBT SWMHEL, #FCH
1251 i

1252 BRePIE Y, B, skER2 2RSSR 1R RICER, B2, Rl 2,
1253  Kenneth Otieno Onditi2, ZE%%/% 2, W20 2*

1254 1 ZEUTR AR SR, LmBUR RS RGMIKE 5 8 e AL e by
1255 [ G, ZE I8 241002

1256 2. FEFHERE B A S T T B L S S A A 4 [ BN SR I A& 5 P A e R DT
1257  WAEMZHESASZEEALRE, M 21650201

1258 3. REERZHRIESE LV, =/ KELT671000

1259  *@IAE#H: chenzz@ahnu.edu.cn (FHIE) ; jiangxl@mail kiz.ac.cn (E2208)

1260
1261  ZooBank ID: urn:lsid:zoobank.org:pubi486245C7-313C-4BAE-83D8-08C14C20F311
1262

1263
1264 THE: JI7RRIEEE (Episoriculus) )& T AN W& & HEEER, B—HREE
1265 AT 5 Sy HE—AE KT L DX /N BRI AL BN H T R SR O S AR A
1266  JEAFAEST AR A 1B S5 Y FEA B, 2B I B R KA R E . ARHEFAE
1267 [ ZEPAMAA AL L, W T 2 MRS AN 6 MZIER KA, HHIRE TR
1268  HRMHRIE/FRHIT (OTUs) M BBAKAIEIA, UEEBARGEKE LR [
1269 W& T 5 WAMHTEAIRISA 19 Tk fatr, UAOMIEALEREE. BE e
1270 BRI 2 ASEWIM S AT T2 FE e AR D LRI R A N B ST K B R (E.
1271  gaoligongensis sp. nov.) , LARSEMEFA 734 FIERKEBRINE (E. damuensis sp.
1272 nov.) o BEHIEESCHRAURMIEEEQ S 8 MHMF: WIEKREMES (E caudatus) .
1273  KRKEMEE (E leucops)  NKEMEE (E macrurus) « KK R (E.

IR .
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1274  sacratus) - JEW/RKEMIEE (E. soluensis) « ~FKEMEE (E umbrinus) =22
1275  TiKJERIEE (E. gaoligongensis sp. nov.) FIEARK ERIRE (E. damuensis sp.nov.) .
1276 [AS, FATE KA KK RRIES (E. baileyi) MIENKK R (E. leucops) [HIEF,
1277 FFEE T BF IR S REM AT . o AR SR, ZTDRRRS & A Y
1278  FEMMCFA AT R R, Sk S SR ﬁﬂiﬁdﬁ&l:iﬁfﬁ S
1279 A AR AR TAE F 8 B AL D S AR & ZliﬁﬁjufuzT?%/\ﬁJ\ P
1280  EE, JCHSRIELE S E P oAb i L s AL sh P ins, TTWRWJZ@%%”)—TB%@ZM
1281 MRP51, PRI R IR A AT 2 AL

1282

1283 REE. NI 2K REKE: P
1284
1285
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