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Solenodontidae

Uropsilinae
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Ur. gracillis

Talpidae

Scalopinae

100/1.0 |,

Sl. aquaticus

St. fusicaudus

. 65/0.74]
TIS5%

100/1.0 == Dy. pilirostris
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99/1.0
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70/0.93
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Erinaceidae
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Mol 7 6]

Bolide Impact

Crocidurinae
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100/1 . O .
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moschalus
insularis
wogura
imaizumi
tokudae
truei
suillus
aethiopicus
concolor
amurensis
europaeus
dsinezumi
murinus
araneus
caecutiens
griselda
brevicauda
parva
yamashinai
crawfordi
fodiens

h. platycephalus

sodalis

. fumidus

Plelitocene
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Fossil AUE N ‘ﬂ
K-Pg 57.8-58.9 Ma Erinaceidae _
. - - E. amurensis
. )R X2F
. 57.8 Ma . . m
- Soricidae . . c
- Cr. dsinezumi =
“r]61.6 Ma YL /RUR S
H Solenodontidae Sd. cubanus §
68.0 Ma| * Talpidae Mo. wogura
e I Fossil
:< 37.1-66 Ma > M e
._+—He. auropunctatus | «
- 46.4Ma g =.
m Caniformia L <
- Mt. itatsi g

1

70 60 50 40 30 20 10
381 UCEs (93,050 bp, 75% complete data)
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Sato et al. (2018)
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I‘jj\ U *XE*J— Soricidae
: i *X =% 1,383%&
e etal 00 ARA FE  BBISAEVH) S £Fa9E ) F 400

184 38 +HURAZHE . BBz
3HEE 2457 CHRXIEH:IA-5V7 - T7I7YHDEH-EAE
20 %8 T®YIDRXIHER . TIOUD

TV RAYRRXE (FAHYRXIHER)

A URRS TR SES &Y 3
I soricinae k75 2 : (red-toothed shrew) (white-toothed shrew)

[ crocidurinae <
I 8oth

FIGURE 1 Known distribution of the two major shrew families (IUCN, 2016), Soricinae (red) and Crocidurinae (blue). The areas where both
subfamilies are present are shaded in purple. The horizontal line corresponds to a latitude of 45° north. The map projection is World
Mollweide

D8RI (U

Neves et al. (2018)



" Sub-

Sub-genus Tribe famil
o Sorex minutus, 1 y
Sorex volnuchini, 1
Sorex raddei, 1
' Sorex raddsi, 2
"' —Sorex granarius, 1
Sorex araneus, 1

Support: MP/ML/BA

xe105

*=100 for MP, ML Il -Sorex araneus, 2
1.0 for BA . Screx isodon, 1
Sorex excelsus, 1 Soricini

Sorex excelsus, 2
Sorex alpinus, 1

Sorex saussurei, 1
Sorex saussurel, 2

-=no support
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@
X8/0880

Sorex fumeus, 2
— Anourosorex squamipes, 1 Anouro

“[fy Anourosorex yamashina, 1 i
Ancurosorex yamashina, 2| -SoOricini

s

-k “90F . Neomys anomalus, 1

Neomys anomalus, 2

Neomys anomalus, 3

Neom{/s fodiens, 1 Soricinae A I Ny -~

Neomys fodiens, 2 ~ —y, ~
—

Neomys fodiens, 3
Neomys fodiens, 4

(97271 oy 8OIB9L Chimarrogale platycephala, 2

Chimarrogale platycephala, 1 Nectogalini
Chimarrogale himalayica, 1
Chodsigoa coavansunga, 1
Chodsigoa coavansunga, 2
Chodsigoa parca, 1
-1 Chodsigoa parca, 2
— Chodsigoa sodalis, 1
90rs *FF Chodsigoa sodalis, 2

P Episoriculus fumidus, 1
I L pisoriculus fumidus, 2
T | Notiosorex crawford, 1 R
Notiosorex crawfordi, 2 l Notiosoricini
DUbey et al (2007) rr Blarina brevicauda, 1
e Blarina brevicauda, 2
Cryptotis parva, 1 7
Cryptotis goldmani, 1 Blarinini
997" Cryptotis magna, 1
Blarinelia griselda, 1

| Blarinellini

‘I~ Crocidura malayana, 1
Crocidura negligens. 1
Crocidura orientalis, 1
Crocidura brunnea, 1
Crocidura nigripes, 1
Crocidura suaveolens, 1
Crocidura shantungensis, 1
Crocidura leucadon, 1
Crocidura viaria. 1
Crocidura olivieri, 1
Crocidura nanifla, 1

Crocidura theresae, 1
= Crocidura b;qemkcfen. 1 ~ N ~
UNCUS elruscus, : "
‘Suncus etruscus, 2 Crocidurinae “/ ~ X =~ E ;I.
—
Suncus murninus, 1
Suncus murninus, 2
Suncus murinus, 3
Suncus montanus 1
Suncus dayi, 1
Suncus dayi, 2
Suncus dayi3 . syiyisorex johnstoni, 2
bt 47 i Sylvisorex johnstoni, 1
Sylvisorex johnstoni, 3
Sylvisorex ollula, 1
Suncus remyi, 1

rr
-1871

80/95/

Suncus varilla. 1
Suncus varilla, 2

99691/ Myosorex sclateri, 1
or e [L—"Myosorex sciateri, 2 o ? N |
Myasorex cafer, 1 Mvosoricinae % I) ~ '~ z —y E *:
of I y /

Y. Myosorex vanus, 1
9

63/99/"

lyosorex varius, 2
Myosorex varius, 3

e [ Erinaceus eurcpaeus, 1

| e, |erinaceidae
o lEuroscgpror mizura, 1 L&”Wsz’ff:ﬁ:ngg Erinacelda 2 mtD NA + 2 n u CI ea r
genes (3314bp)

Talpa caeca, 2 "
Tgpa europea, 1 Talpidae

y Uropsilus sp., 1
' Uropsilus sp., 2

Pipistrellus pipistrellus |Vesperti|ionidae | QOut group

— 0.01 changes
Fig. 1. Phylogeny of the 3314 bp analysed with maximum likelihood, using the TVM + G model of substitution and TBR branch swapping. Values in
branches are supports, for the major branches for maximum parsimony (MP) and maximum likelihood (ML) analyses, and Bayesian posterior

probabilities (BA). Specimens codes are as in Table 1.
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S. Dubey et al. | Molecular Phylogenetics and Evolution 44 (2007) 126137

HE 3

Sub-genus Tribe

o i B Sorax minutus, 1

Sorex grananus, 1|
Sorex agaraneus 1 é’ Sorex® &
1.0 for BA Sorex excefsus, 1 Soricini
-=N0 support e Sorsx excslsus, 2
o o
Sorr Sorex cinereus, 1 7
3 Sorex cinereus, 2 g
re Sorex fumeus, 1 4
Sovex fumeus, 2
o — Anourosarex squamines, 1 Anouro

Sorex votnuchﬂm 1
Support: MP/ML/BA somer |
orex arsneus. 2
Sorex alpinus, 1
s
EVESESY J—cfl Anourosorsx yamashina, 1

| Screx raddsi, 1
Sorex raddsi, 2
*=100 for MP, ML .
. Sorex isodon, 1
—['Sorex saussure), 1 )
Screx saussurei, 2 Otisorex® J&
Anourosorex yamashina, 2| -soricini

+ 3—Ov/ AT XS KO Neomys anomalus, 1
_U_| E Neomys anomalus, 2
Neomys anomaivs, 3
Neomiys fodiens, 1
[ Naomys fodfens, 2 Neomys anomalus

5 g
|. mys fodiens, 3
I E S Neomys foaiens, 4

STk 96169/ Chimarmgale pia ala, 2 P
- L Ch:marrog%:e p‘!)sty%%hala 1 Nectogalini
Chamarrcga!e himalayica, 1

Chodsigoa coavansunga, 1
rr Chodsigoa coavansunga, 2

“rr Chodsigoa parca, 1
2 ~gar' Chodsigoa parca, 2

—{ Chodsigoa sodalis, 1
Chodsigoa sodalis, 2

e 1 Episoncutus fumidus, 1

w iculus fumidus, 2

'rr § . - . .
T 2 | Notiosoricini

‘rr

oy

| Bigrning brevicauda, 1
e (i nabfcawcauda 2 o
totis parva, N
rr —mepl’gﬁs golgl%anr Blarinini
agrr Crvptotis magne, 1

Blarinalia griseida, 1 | Blarinellini

Blarinella quadraticauda

Notiosorex crawfordi




Sorex|g ) R fft

— Y P4
aA—5v7 Bl S
(a) Subgenus Sorex (b) Subgenus Otisorex
Sx. granarius il g‘;; r SX. ugyunak ©
1 S N5E
9(;0 Sx. araneus-1 E 2 § L Sx. portenkoi
Sx. antinorii-1 > ML € 3 P L— 97
> WS § XYY HERBHEIIL=T - Sx. pribilofensis
Sx. coronatus SHEs 100
s 23 x - Sx. jacksoni
_l_—Sx. tundrensis S 29 o8 -J
78 :
88 Sx. daphaenodon g- g E - Sx. camtschatica S. cinereus
51 Sx. samniticus-1 ||® @7 Sx. haydeni group
Sx. roboratus " Sx. problei
_I:SX. caecutiens (EA) « B2
73 \ 5 Sx. longirostris
- Sx. caecutiens (HK) AR s || 00 9
58 o 3 iE :
Sx. shinto YRS § 3 ; Sx. cinereus |
64 Sx. unguiculatus AX T (% gg ——Sx. monticolus ||
_|89 ] S 97
Sx. isodon 9 67 oy ——Sx palustris ;ot;«':)grans
. . . o t—.
_ESX. minutissimus-1 FE 5 Sx. vagrans 1
Sx. hosonoi F7RXs
—157 Sx. minutus-1 85 FRHRS
Sx. gracillimus X Sx. tenellus
—ESX. cylindricauda-1 Sx. hoyi
Sx. excelsus AP
Sx. mirabilis 83 ot
X Tripartite penis Sx. trowbridgii
Sx. alpinus-1
58 Outgroup| Sx. saussurei-1 97 Outgroup Sx. caecutiens (EA)
0.1 Sx. cinereus 0.05 Sx. araneus-1
(subs/site) (subs/site)

Figure 4 Maximum likelihood trees of the subgenera Sorex (a) and Otisorex (b) in the genus Sorex based on 1140 bp mitochondrial cytochrome
bgene sequences. The substitution model by Tamura & Nei (1993) with y distribution (eight categories) and one invariable site was applied for the
subgenus Sorex (a) and that by the general time-reversible model (Yang, 1994) with y distribution (eight categories) and one invariable site for the
subgenus Otisorex (b). Numbers near nodes are supporting values of the quartet-puzzling method (Strimmer & von Haeseler, 1996). See
Supplementary Material Appendix S1 for abbreviation of species names and sampling locations.

Ohdachi et al. (2006)
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Eurasia

YR RX2RBEA—FL TR
Talpidae
Erinaceidae
e 1400 B E il .. Z
Soricini ——p—-—-Soricini 5
Sortame ANOUrosoricini 14dols &xi =
iCi —| —r—-p-- >
: 140 Eﬁ%\l otiosoricini z
Nectogalini " <
. 20075 il o
Soricidae Blarinini —p—L—Blarinini =
190075 £E il Blarinellini& M $t@ A5 1300 B4EHI
350075 &Hi] : ini
Crog;durml Suncus
Crocidura
Crocidurinae 80075 EHI
165075 4 & 10058 — Crocidura
Myosoricinae - FF(FDubey et al. (2007), F=F
S Sylvisorex [ZSato et al. (2016)D 3 TE1E
E Suncus
— Myosorex

Dubey et al. (2007)
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BHR#E. LAT. VE.
Z DLET R EN
EEX~+%7“E
EHEY (FE
hII, Hﬁ‘)

_  tribe Nectogalini

r Chimarrogale
L Nectogale

\

Neomys

Soriculus

Episoriculus

Chodsigoa

tribe
Notiosoricini

SORICINAE
MIUXZIERY

_[ Notiosorex
| L= N. crawfordli
L— Megasorex
tribe Anourosoricini

Anourosorex

) — epigel Otisorex
s.g. Otisorex

aquatic Otisorex

genus Sorex | L hypogeal Ofisorex

Sorex palustris in
USA

Ruwenzorisorex suncoides in Africa

(

Aquatic = #KiE
Epigeal =
Hypogeal =

Arid = BZIE 1%

Semi-arid

tribe Soricini epigeal Sorex
s.g. Sorex |: hypogeal Sorex

Cryptotis

tribe Blarinini hypogeal Cryptotis

Blarina

3R EBE

SORICIDAE

# T EE IS EE

= FE IR

J

CROCIDURINAE
YXAIEH

tribe Blarinellini Blarinella

_EEurasian Crocidura
Diplomesodon
|— other Crocidura

[— African Crocidura
—— Paracrocidura

Eurasian Suncus

Ruwenzorisorex
Sylvisorex
(African Suncus)
Scutisorex

Feroculus

Solisorex

Myosorex

- Surdisorex

MYOSORICINAE
TUYRZIER

Congosorex

Etinaceidae

Desert shrew Notiosorex crawfordi

in North America

Talpidae

S D Ri#f & AERE

Mode of life

epigeal
epigeal
epigeal
epigeal
arld epigeal
epigeal
hypogeal

epigeal

hypogeal
epigeal
hypogesl
epigeal
hypogesl
hypogeal
hypogeal
epi./semi-arid
arld hypogeal
epigeal
epi./ semi-arid
epigeal
epigeal

epi./hyp./s.arid
epigeal

Ihypogeal?
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98 [ Bl hylophaga-1 Cp. parva-
_E carolinensis-1 - [ Cp. mexicana-
90 Bl. brevicauda-1 Cp. magna-1
|'63—Cp. mexicana-1 Outgroup —Cp. goldmani-1
Cp. magna-1 Bl. hylophaga-1
—173 Cp. goldmani-1 _&l carolinensis-1

Cp. parva-1 | Bl. brevicauda-1

Figure 3 Maximum likelihood tree of tribe Neomyini based on 1140 bp mitochondrial cytochrome b gene sequences by Hasegawa et al."'s (1985)
substitution model with y distribution {eight categories). Numbers near nodes in tree 1 are supporting values of the quartet-puzzling method
{Strimmer & von Haeseler, 1996). An exhaustive search for the maximum likelihood was cenducted fixing topologies with nodes higher than 85%
supporting values in tree 1 (a) and a new maximum likelihood tree was obtained {b). Numbers near nodes in tree 2 are bootstrap values of 10000
replications. 'F denotes a node of fixed topology. Underlined species names are semi-aguatic shrews. See Supplementary Material Appendix S1
for abbreviation of species names and sampling locations.
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Figure 3. Bayesian phylogenetic results, with divergence time estimations. This is a fossil-calibrated chronogram of a
Bayesian phylogenetic analysis, which was constructed from mitochondrial DNA cytochrome b sequences, with a relaxed molecular
clock. Branch length indicates the time of divergence. Node bars indicate the 95% credible interval for node ages. Numbers above
branches indicate the posterior probabilities supporting each node. Letters below the branch nodes indicate the node numbers
correlated with Table 4. The four main clades are shaded with different colors (clades A to D). Red stars indicate fossil-calibrated
nodes. The green star indicates the calibration for Chimarrogale living in China. Correlated Epochs and ages are shown. Current
and recommended taxonomic statuses are also shown.
doi: 10.1371/journal.pone.0077156.g003

Yuan et al. (2013)
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RPM=B/Ax100

GL = greatest length of skull

PL = palatal length

WB = width of braincase

LB = length of braincase

WM = width across molars

IC = interorbital constriction

WR = width of rostrum
UUR = upper unicupsid row length
PML = length between Pm#4 and M3
GW = width across glenoids

RPM = relative basal width of Pm4 mesostyle
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FMEDRHY)ARXZUFI/NAAILEH) RO HEFE
Sorex caecutiens hallamontanus& U CTHErER &L

Fg. 6. Cranium and right mandible of Sorex caecutiens hallanontanus, ssp. nov., Collection number, S0-99/10/
13-3; age, subadult; sex, male. A, dorsal view; B, ventral view; C D, lateral views; E, lingual side view.
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A. parsimonious network
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Fig.7 Scatter diagrams of genetic distances (substitutions/site) by the HKY85 model (Hasegawa ef al. 1985) based on the mitochondrial
cytochrome b gene sequences against geographical distances between sampling locations, for pairwise comparisons of individuals in
S. unguiculatus, S. gracillimus, S. caecutiens from Sakhalin-Eurasia, S. minutissimus, S. shinto from Shikoku-Honshu, and S. hosonoi. See text
for the details of calculation. Broken lines are the regression lines. Significance of correlation by Mantel test was expressed by * P < 0.01 and

ns, P = 0.01 on the right shoulders of the correlation coefficients (r).
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Fig. 8. Dokuchaev et al.
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Table 1 Genetic diversity of Sorex unguiculatus. Five loci (A6, B4, D2, L57, and L62) were used. Sampling
locality (#), number of shrews analysed (N), average number of alleles per locus (A) and average expected

heterozygosity (HE) are given. Ranges are

# Locality N Sampling year A He
Mainland
1 Mt.Daisengen 14 2001 102 (7-11)  0.89 (0.84-0.92)
2 Kaminokuni 26 2001 122 (11-13)  0.88 (0.87-0.89)
3 Mt. Komagatake 25 2002 13.0 (11-16)  0.89 (0.83-0.94)
4 Kuromatsunai 9 1997 8.4(7-9) 0.90 (0.89-0.90)
5 Rankoshi 25 2002 13.4 (12-15)  0.89 (0.87-0.91)
6 Sapporo 21 1996 12.6 (11-14)  0.87 (0.79-0.91)
7 Abuta 25 2001 11.6 (11-13)  0.86 (0.81-0.90)
8 Bibai 49 1998 15.8 (13-18)  0.90 (0.88-0.92)
9 Hokuryu 22 1997 10.8 (10-11)  0.90 (0.88-0.91)
10 Haboro 15 1997 10.0 (7-13)  0.88(0.79-0.93)
1 Sarobetsu 15 1994, 1995, 1998 11.2(9-15)  0.88(0.85-0.91)
12 Furano 26 1997 14.4 (13-15)  0.90 (0.87-0.92)
13 Samani 14 1997 102 (8-12)  0.89 (0.87-0.91)
14 Obihiro 25 2002 12.6 (10-15)  0.89 (0.85-0.91)
15 Bihoro 20 1999 11.6 (11-13)  0.89 (0.83-0.92)
16 Bihoro-Tohge 11 1999 10.2(8-12)  0.90 (0.86-0.94)
17 Akkeshi 15 1998 10.6(9-13)  0.89 (0.86-0.91)
18 Hamanaka 15 2001 9.0 (7-12) 0.85 (0.79-0.90)
19 Shiretoko 15 1995 11.0 (7-13)  0.91(0.87-0.92)
20 Nemuro 15 1997, 1999 11.4 (8-14)  0.89 (0.83-0.93)
subtotal Al sites combined 402 22,6 (19-26) 0.90
Average 20.10 11.5 (7-18) 0.90
Island
21 Daikoku Is. 13 1995, 1999 2.2 (1-4) 0.46 (0.00-0.70)
22 Teurils. 20 1996, 1997,1998 2.6 (2-4) 0.37 (0.05-0.53)
23 Rebun Is. 20 1996, 1997 4.8 (2-7) 0.52 (0.05-0.83)
24 Rishiri Is. 20 1994, 1995 7.8 (6-10) 0.73 (0.64-0.84)
subtotal Al sites combined 73 10.0 (6-13) 0.79
Average 18.25 4.4 (1-10) 0.52
Total
Al sites combined 475 22.6(19-29) 0.90
Average 19.79 10.3 (1-18) 0.83

13DOAXRELE

Table 2 Genetic diversity of Sorex caecutiens. Six loci (A6, A10, B4, D2, D8, and E1) were used. See Table 1 for

futhur explanation

# Locality N Sampling year A HE
| Mt.Daisengen 15 2001 13.0 (12-14) 0.92 (0.90-0.93)
1l Sapporo 13 1996 10.3 (9-14) 0.90 (0.86-0.94)
1] Yufutsu 24 1997 12.8 (10-16) 0.88 (0.87-0.90)
v Bibai 42 1998 17.8 (15-27) 0.92 (0.91-0.95)
\Y% Horonobe 9 1998 7.0 (5-9) 0.82 (0.72-0.91)
\ Sarobetsu 12 1994, 1995, 1998 10.2 (8-14) 0.89 (0.83-0.93)
Vil Furano 27 2001 15.0 (12-21) 0.92 (0.89-0.95)
Vil Obihiro 17 2002 10.0 (6-14) 0.87 (0.80-0.92)
IX Monbetsu 13 2002 11.2 (9-13) 0.91 (0.87-0.95)
X Bihoro 10 1999 9.8 (7-12) 0.90 (0.83-0.94)
Xl Akkeshi 11 1998 8.5 (7-10) 0.88 (0.81-0.92)
Xl Shiretoko 13 1995 11.8 (8-14) 0.92 (0.87-0.95)
XN Nemuro 34 2001 14.8 (12-17) 0.90 (0.88-0.92)

All sites combined 240 24.8 (21-32) 0.92

Average per site 18.46 11.7 (5-27) 0.89
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Table 5 Probability of heterozygosity excess by Wilcoxon

TPM: Two-phased model of mutaion

\ NG QI
sign-rank test under three mutation models in Sorex Ij hjj J
unguiculatus from Hokkaido. Locality numbers correspond Table 6 Probability of heterozygosity excess by Wilcoxon
with those in Fig. 1 and Table 1. IAM: Infinite allele model. sign-rank test under tree mutation models in Sorex
SMM: Stepwise mutation m caecutiens from Hokkaido. Locality numbers correspond
IAM SMM TPM with those in Fig. 1 and Table 2. IAM: Infinite allele model.
2 Kaminokuni 0.016 0.922 0.078 IAM SMM TPM
3 Mt Komagatake ~ 0.031 0.688 0.406 | Mt.Daisengen 0.008 0.781 0.078
4 Kuromatsunai 0.015 0.031 0.016 I Sapporo 0.008 0.039 0.008
5 Rankoshi 0.016 0.984 0.109 I Yufutsu 0.008 0.977 0.422
6 Sapporo 0.313 1.000 0.688 IV Bibai 0.008 0.008 0.008
7 Abuta 0.078 0.891 0.313 V  Monbetsu 0.008 0.422 0.023
8 Bibai 0.016 0.984 0.016 VI Horonobe 0.016 0.719 0.078
9 Hokuryu 0.016 0.016 0.016 VIl Sarobetsu 0.281 0.578 0.500
10 Haboro 0.016 0.688 0.016 VIl Fur.ar.m 0.008 0.281 0.008
11 Sarobetsu 0.078 0.953 0.594 IX O-bIhII‘O 0.008 0.281 0.061
12 Furano 0.016 0984  0.406 X __|Bihoro 0.039 0.656 0.295
13 Samani 0.047 059  0.109 >)<(|I| QE‘_‘GS*‘L 0-882 8-832 8-882
14 Obihiro 0016 0922  0.047 TR iretoko 8'008 e e
15 Bihoro 0.031 0500 0313 emuro ' ' '
16 Bihoro-Tohge 0.047 0.500 0.109
17 Akkeshi 0.109 0.594 0.313
o bammsa 0109 0355 05 EEGERASTEEALDEERTAT
19 Shiretoko 0.016 0.078 0.031 + AVRFED o o S
20 Nemuro 0078  0.688  0.406 OESEBEIDHD, DEUKRMLRYD
21 Daikoku Is. 0.188 0.875 0.188 éfﬁiﬁﬁbf(’ \B,
22 Teurils. 0.313 0.594 0.406
23 Rebuns. 0.500 0.969 0.891 = = —=Lr N N
| E =47
24 Rishiri Is. 0.500 1.000 1.000 BIZIZTHEKEZ001CEKET BHLITLAL, TNEL
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