
Introduction

Chimarrogale An der son, 1877, is a ge nus of

wa ter shrew be long ing to the tribe Neomyini in

the subfamily Soricinae of the fam ily Soricidae.

This ge nus con sists of 6 spe cies dis trib uted in

south east and east Asia (Hutterer 1993, Wolsan

and Hutterer 1998): C. himalayica (Gray, 1842),

C. platycephala (Temminck, 1842), C. hantu

Har ri son, 1958, C. phaeura Thomas, 1898, C.

styani de Winton, 1899, and C. sumatrana
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We in ves ti gated karyo types, mi to chon drial cytochrome b gene se quences,
and cra nial morphometrics of the wa ter shrews Chimarrogale himalayica
(Gray, 1842) and C. platycephala (Temminck, 1842) (Insectivora, Soricidae).
Karyo types of C. himalayica from Tai wan and C. platycephala are 2n = 52 and 
FNa = 100. Autosomes con sisted of 21 large-to-small metacentric or
submetacentric pairs, and 4 me dium-to-small subtelocentric pairs. The X and
Y chro mo somes were me dium submetacentric and small acrocentric, re spec -
tively. The karyo types of C. himalayica and C. platycephala were very sim i lar. 
Sec ond ary con stric tions were ob served in the larg est metacentric pair in both
spe cies. In the 930 base-pairs of the cytochrome b gene, C. himalayica from
Tai wan and C. platycephala di verged with 9.46% se quence dif fer ence; each
spe cies di verged from C. phaeura with more than 14% se quence dif fer ence.
The two spe cies C. himalayica and C. platycephala were well dis tin guished by
morphometric char ac ters, but three sub spe cies of C. himalayica were not
clearly sep a rated. We sug gest that C. platycephala be treated as a valid
spe cies and sep a rated from C. himalayica in Tai wan.
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(Thomas, 1921). Chimarrogale sumatrana and

C. hantu, how ever, were synonymized with C.

phaeura as allopatric pop u la tions by Corbet and

Hill (1992), who val i dated only 4 spe cies. Within 

the Chimarrogale spe cies, C. himalayica has the 

wid est dis tri bu tion from Kash mir, through the

Hi ma la yas, Laos, Viet nam and east ern China

main land, and Tai wan (Hutterer 1993). Hoffmann 

(1987) rec og nized 3 sub spe cies within C. hima-

layica: C. h. himalayica in the Hi ma la yas, C. h.

varennei Thomas, 1927 in Burma, Yunnan, Laos,

and Viet nam, and C. h. leander Thomas, 1902 in

the south east ern China and Tai wan.

Hoffmann (1987) con sid ered C. platycephala

from Ja pan as a sep a rate spe cies and an in su lar

allospecies of the superspecies himalayica.

Thereaf ter, C. platycephala was con sid ered a

valid spe cies by most au thors (Corbet and Hill

1992, Hutterer 1993, Abe 1996, 1999, Wolsan

and Hutterer 1998, Koyasu 1998), but it has

been and still is con sid ered conspecific with C.

himalayica by oth ers (Obara et al. 1996). Abe

(1996) sug gested that C. platycephala be rec og -

nized as a valid spe cies due to un cer tain pri or ity

be tween Temminck’s (1842) platycephala and

Gray’s (1842) himalayica (see also Ellerman and 

Mor ri son-Scott 1951, Corbet 1978, Koyasu

1998), even though the com par i son in sys tem -

atic sta tus be tween C. platycephala and C.

himalayica was in com plete. This pri or ity prob -

lem is not yet re solved, as both of the pub li ca tion 

date of Temminck (1842) and Gray (1842) are

adopted as 31 De cem ber 1842 ac cord ing to the

In ter na tional Com mis sion on Zoo log i cal No men -

cla ture (1999) Ar ti cle 21 and the avail able date

in for ma tion for both pub li ca tions (Ellerman and 

Mor ri son-Scott 1951, Holthuis and Sakai 1970).

Ex cept for that of Hoffmann (1987), com par a -

tive tax o nomic stud ies for the Chimarrogale spe -

cies have been scarce. Karyological stud ies were

made only for C. platycephala (Obara and Tada

1985, Satoh and Obara 1995, Obara et al. 1996).

There fore, com par a tive stud ies for C. hima-

layica and C. platycephala can clar ify the

relationships be tween these 2 taxa. To make an

interspecific com par i son, we ex am ined the

karyotype of C. himalayica for the first time,

based on spec i mens from Tai wan, and that of C.

platycephala from Ja pan. We also com pared the

mi to chon drial cytochrome b gene se quences and

morphometric char ac ters of C. himalayica and

C. platycephala.

Ma te rial and meth ods

Twenty spec i mens of C. himalayica and 8 spec i mens of

C. platycephala were ex am ined. They are de pos ited in the

Nat u ral His tory Mu seum, Lon don (BMNH), De part ment of

Bi ol ogy, Tunghai Uni ver sity, Taichung (THU), Osaka City

Uni ver sity Grad u ate School of Med i cine, Osaka (MH), and

Kyoto Uni ver sity Mu seum, Kyoto (KUZ). We used most

spec i mens for morphometric anal y sis; 2 spec i mens of C.

himalayica from Tai wan and 2 of C. platycephala for karyo-

logical anal y sis; and 4 C. himalayica from Tai wan and 1

C. platycephala for the mi to chon drial cytochrome b gene

se quence anal y sis. We fol lowed the sub spe cies clas si fi ca tion 

of Hoffmann (1987) in morphometric anal y sis to in ves ti gate 

intraspecific vari a tion within C. himalayica. A list of spe-

c i mens used fol lows (un less oth er wise stated ex am ined

only for morphometric anal y sis): C. himalayica leander:

THU Lala-1 (morphometric and DNA anal y ses), Lala-2

(morphometric, karyological, and DNA anal y ses), Lala-3

(morphometric and DNA anal y ses), Lala-4 (morphometric,

karyological, and DNA anal y ses) from Lala River, Fusheng

Town ship, Taoyuan County, Tai wan (24°41’47.9”N and

121°23’53.8”E, 800 m in al ti tude); KUZ M3409, M3410 from 

Wulien, Houpen Town ship, Taichung County, Tai wan;

BMNH 2.6.10.3 (holotype of C. h. leander) from Kuatun,

Fokien (= Fujian), China; C. h. varennei: BMNH 26.10.4.44

(holotype of C. h. varennei) from Dak-to, Annan, Viet nam;

BMNH 33.4.1.167 from Chapa, Viet nam; BMNH 32.11.1.14, 

50.494, -495 from Nam Tamai, Kachin Dis trict, Burma;

BMNH 50.496 from Waurayang, Kachin Dis trict, Burma;

BMNH 76.1232 from Hkinlum Tri an gle, Kachin Dis trict,

Burma; C. h. himalayica: BMNH 42.2.18.1 (holotype of C. h. 

himalayica) from Hi ma la yas; BMNH 8.7.6.17 from Liddar

River, Kash mir; BMNH 35.10.10.2 from Dhodi Tal, Gharwal;

BMNH 90.1.1.18 from Darjeeling; BMNH 90.1.1.4 from

Sikkim; BMNH 20.6.6.5 from Pangth, Naga Hills, Assam;

C. platycephala from Ja pan: BMNH 5.1.4.36 from Nikko;

BMNH 98.1.2.10 from To kyo; BMNH 6.1.4.46 from Tajima,

east coast of Izu Pen in sula; KUZ M3408 from Miyazu City,

Kyoto Pre fec ture; KUZ M3413 from Kawakami Vil lage,

Yoshino County, Nara Pre fec ture; MH8493 from Yamasaki

Town, Shisou County, Hyogo Pre fec ture; MH5699 (karyo-

logical anal y sis only) from Kozagawa Town, Higashimuro

County, Wakayama Pre fec ture; MH8201 (karyological and

DNA anal y ses) from Hashimoto City, Wakayama Pre fec ture.

The cy to log i cal prep a ra tions were made from tail tis sue

cul ture cells as de scribed in Harada and Yosida (1978) by

us ing the stan dard air dry ing method. Dif fer en tial stain ing

of G-band and C-band tech niques fol lowed Seabright (1971)

and Sum ner (1972), re spec tively.

To tal DNA was pu ri fied from liver and mus cle tis sues ac -

cord ing to the method of Sambrook et al. (1989). Based on

the com plete mi to chon drial DNA se quence of Soriculus fumi- 

dus pub lished by Lin et al. (2002), two prim ers were newly
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de signed for am pli fi ca tion of mi to chon drial cytochrome b

gene, L14182: 5’-CATCGTTGTTATTCAACTATAGGAAC-3’

and H15445: 5’-GAATATCAGCTTGGGTGTTGATA-3’. Poly -

mer ase chain re ac tion (PCR) mix ture of 50 µl con tained ap -

prox i mately 50 ng of genomic DNA, 7.5 pmol of each primer

and 0.2 mM of dNTP mix in re ac tion buffer in clud ing 2.0

mM Tris-HCl (pH 8.0), 0.01 mM EDTA, 0.1 mM DDT, 0.1%

Tri ton X-100, 5% glyc erol, and 1U of Taq DNA poly mer ase

(Viogene). Am pli fi ca tions were per formed in a GeneAmp

PCR Sys tem 2400 ther mal cycler em ploy ing 35 cy cles as fol -

lows: de na tur ation at 94°C for 1 min ute, an neal ing at 52°C

for 1 min ute, and ex ten sion at 72°C for 2 min utes. The fi nal 

ex ten sion was 72°C for 10 min utes. Ap prox i mately 100 ng

of pu ri fied PCR prod uct was used for se quenc ing with PCR

primer L14182 and an other in ter nal primer:

5’-GTAATAGCCACCGCCTTTATAGG-3’. Ad di tion ally, two

in ter nal prim ers were also de signed to get com plete se -

quence of cytochrome b gene:

5’-CTAGTCCTGTTCTCCCCAGACC-3’ and

5’-CCTATAAAGGCGGGTGGCTATTAC-3’. Se quences were

de ter mined by au to mated se quencer (ABI 3730 Ge netic An -

a lyzer).

The par tial se quences (930 base pairs) of cen tral por tion 

of cytochrome b gene were aligned with Clustal W in

BioEdit 5.0.9 (Hall 1999) and cor rected by eye. Se quence

data are de pos ited in GenBank with ac ces sion num bers

AY526739-AY526743. Phylo gen etic anal y ses were con ducted

by neigh bor-join ing (NJ) method and ge netic dis tances were 

cal cu lated by the Kimura’s (1980) two-pa ram e ter model

us ing the MEGA pro gram ver sion 2.1 (Kimura et al. 2001).

Con fi dence lim its in es ti mated re la tion ships were de ter -

mined us ing 1000 boot strap pseudoreplicates (Felsenstein

1985). We also an a lyzed one C. phaeura from Mahua, Sabah 

in Bor neo (MH 8426, AY526744) and one Anourosorex

yamashinai Kuroda, 1935 (spe cies tax on omy fol low ing

Motokawa et al. 2004), a mem ber of the tribe Neomyini (see 

Repenning 1967) from Tai wan (THU H1, AY575067) for

outgroup.

Nine teen cra nial mea sure ments were taken with dig i tal 

cal i pers to the near est 0.01 mm by the first au thor: condylo- 

in ci sive length (CIL); breadth of braincase (BB); interorbital 

breadth (IOB); rostral length (RL); postpalatal depth (PPD); 

braincase depth ex clud ing au di tory ring (BD); rostral

breadth (RB); pal a tal length from the an te rior sur face of

the 1st in ci sor to the most pos te rior por tion of the pal ate

(PL); postpalatal length (PPL); condyle to glenoid length

(CG); up per toothrow length (UIM); length of up per molari-

form teeth (UPM); great est width be tween M2s (M2W);

man dib u lar length (ML); man dib u lar height (MH); lower

toothrow length (LIM); lower toothrow length be tween ca -

nine and 3rd mo lar (LCM); lower mo lar row length (LM);

and great est length of man dib u lar condyle (CD). Of these,

11 vari ables (CIL, BB, IOB, RL, PPD, RB, PPL, CG, UIM,

UPM, and M2W) fol low the cri te rion of Ruedi (1995) and 4

(ML, MH, LIM, and LM) fol low that of Motokawa et al.

(1996). The re main ing 4 vari ables (BD, PL, LCM, and CD)

were taken as men tioned above. To iden tify vari a tion, prin -

ci pal com po nent anal y ses (PCA) was con ducted with the

PRINCOMP pro ce dure of SAS ver sion 6 (SAS 1990) us ing

the cor re la tion ma trix of cra nial log-trans formed mea sure -

ments. We made two anal y ses by us ing ei ther all 19 vari -

ables or 6 vari ables taken from man di bles (ML, MH, LIM,

LCM, LM, and CD). The lat ter anal y sis was in tended to im -

prove sam ple size of spec i mens in this study and to in fer

the vari a tion pat tern of bro ken or in com plete spec i mens.

Re sults

The autosomes of C. himalayica from Tai wan

(Fig. 1) con sisted of 21 large-to-small metacentric

or submetacentric pairs grad u ally de creas ing in

size (nos. 1–21) and four me dium-to-small sub-

telocentric pairs (nos. 22–25). The X chro mo -

some was me dium submetacentric and the Y

chro mo some was small acrocentric. There fore,

the 2n and FNa were 52 and 100, re spec tively.

In the larg est metacentric pair (no. 1), a dis tinct

sec ond ary con stric tion was ob served on the

short arm near the centromeric re gion (in di -

cated with ar row heads in Fig. 1), a por tion not

stained in G-band and C-band karyo types. In

C-band karyotype, centromeric re gions of all

chro mo some pairs, the dis tal part of the short

arm of no. 1 chro mo somes, and whole of Y chro -

mo some were well stained. Con ven tional, G-band,

and C-band karyo types of C. himalayica re sem -

bled those for C. platycephala from Ja pan (Fig.

2). We could not find any dif fer ence. The size

heteromorphism of the short arms of no. 1 chro -

mo some pair (C-band pos i tive re gions) was

found in 1 of 2 C. platycephala (MH 8201), but

was not so ev i dent in both in di vid u als of C.

himalayica.

In the mi to chon drial cytochrome b gene anal -

y sis (930 bp), 2 haplotypes were ob served from 4

C. himalayica spec i mens from Tai wan, which

dif fered by 2 base-pairs (0.22% dif fer ence). Both

of these C. himalayica haplotypes dif fered from

the C. platycephala haplotype in 88 base-pairs

(9.46% dif fer ence). They dif fered from C. phaeura

in 136 base-pairs (14.6% dif fer ence). The C.

platycephala haplotype dif fered from that of C.

phaeura in 137 base-pairs (14.7% dif fer ence). In

the neigh bor-join ing tree (Fig. 3), C. himalayica

haplotypes were more closely re lated to C. platy- 

cephala be fore be ing clus tered with C. phaeura.

Each node was sup ported with high boot strap

val ues.

The ex ter nal mea sure ments (av er age and

range) of four fresh Tai wan C. himalayica spec i -
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mens (THU Lala-1, -2, -3, -4) were: body mass (in 

grams) 28.65 (23.8–36.0), head and body length

(in mm) 94.50 (83.37–106.00), and tail length

97.44 (89.15–108.86). The cra nial mea sure -

ments of C. platycephala were much larger than

those for any sub spe cies of C. himalayica.

Within the lat ter spe cies, cra nial mea sure ments 

of C. h. leander from Tai wan were some what

smaller than those of C. h. varennei and C. h.

himalayica (Ta ble 1).

In PCA us ing all vari ables, the first and sec -

ond prin ci pal com po nent axes ex plained 80.7

and 8.3% of the to tal vari a tion, re spec tively. In

the first axis, all vari ables showed sim i lar pos i -

tive load ing be tween 0.174 and 0.250. In the sec -

ond axis, BD (0.467) and LIM (-0.352) showed

rel a tively large load ing (for oth ers, CIL -0.049,

BB 0.328, IOB 0.167, RL -0.077, PPD 0.315, RB

0.216, PL -0.130, PPL -0.004, CG 0.175, UIM

-0.165, UPM -0.239, M2W -0.009, ML -0.137, MH 

218 M. Motokawa et al.

Fig. 1. Con ven tional (a), G-band (b), and C-band (c) karyo types of Chimarrogale himalayica from Tai wan (THU Lala-2 for a
and b; and THU Lala-4 for squared XY chro mo some in a and c). Ar row heads in di cate the sec ond ary con stric tions. The bar at
bot tom right rep re sents 10 µm.
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Fig. 2. Con ven tional (a), G-band (b), and C-band (c) karyo types of Chimarrogale platycephala from Ja pan (MH 8201 for
autosomes of a, MH 5699 for b and c, and squared XY chro mo somes of a). Ar row heads in di cate the sec ond ary con stric tions.
The bar at bot tom right rep re sents 10 µm.

C. himalayica (Taiwan-1)

C. himalayica (Taiwan-2)

    C. platycephala (Japan)

C. phaeura (Borneo) 

     Anourosorex yamashinai

0.02

100

100

Fig. 3. The neigh bor-join ing tree for Chimarrogale spe cies in ferred from the mi to chon drial cytochrome b gene se quences (930
base-pairs). Anourosorex squamipes was used as an outgroup. Nodal val ues in di cate per cent sup port for branches in 1000
boot strap rep li ca tions.



0.003, LCM -0.325, LM -0.253, and CD 0.219). In

the first axis, C. platycephala had larger value

than C. himalayica sub spe cies. In the sec ond

axis, the val ues were large for C. platycephala,

C. h. leander, and C. h. varennei. Two di men -

sional plots (Fig. 4a) show C. platycephala well

dif fered from the 3 sub spe cies of C. himalayica.

There was no over lap ping be tween C. h. leander

from Tai wan and C. h. himalayica. In PCA us ing 

man di ble vari ables, the first and sec ond prin ci -

220 M. Motokawa et al.

Ta ble 1. Cra nial mea sure ments (mm) of Chimarrogale himalayica and C. platycephala. Val ues given are mean (range) and
sam ple size. For C. h. leander, sam ple size was 6 (Tai wan) and 1 (Fujian). 1 Vari ables fol low the cri te ria of Ruedi (1995), 2 ex -
clud ing au di tory ring, 3 from the an te rior sur face of the first in ci sor to the pos te rior por tion of the pal ate, 4 vari ables fol low
that of Motokawa et al. (1996), 5 length be tween ca nine and third mo lar, 6 great est length, 7 man di ble char ac ters used for
prin ci pal com po nent anal y sis. 

Character Acronym

C. h. leander C. h. varennei C. h. himalayica C. platycephala

Taiwan Fujian Mean n Mean n Mean n

Mean (range) Mean (range) (range) (range)

Condylo-incisive CIL 25.77 25.05 26.28 6 27.25 3 28.33 4

length
1

(23.85–26.71) (25.37–27.16) (26.73–27.93) (26.75–29.20)

Braincase breadth
1

BB 13.35 – 13.20 5 13.45 3 15.16 4

(12.07–13.98) (13.06–13.35) (13.28–13.68) (14.33–15.62)

Interorbital breadth
1

IOB  5.82  5.59   5.75 6    6.09 5   6.55 5

(5.37–6.07) (5.58–6.08) (6.00–6.21) (6.27–6.80)

Rostral length
1

RL 10.78 10.38 11.10 7 11.49 5 12.00 6

(9.87–11.32) (10.4–11.66) (11.02–11.88) (11.16–12.42)

Postpalatal depth
1

PPD    4.69  4.55   4.50 7   4.67 5   5.24 6

(4.21–4.98) (4.25–4.79) (4.4–4.96) (4.88–5.40)

Braincase depth
2

BD    6.92   6.51    6.66 5   6.65 3   7.48 4

(6.32–7.24) (6.47–6.86) (6.38–7.14) (6.99–7.76)

Rostral breadth
1

RB    3.63   3.58   3.54 6   3.71 5   4.06 6

(3.28–3.85) (3.47–3.75) (3.43–3.82) (3.82–4.37)

Palatal length
3

PL
12.24

(11.48–12.90)
11.96

12.48
(11.78–13.11)

7
13.03

(12.4–13.34)
5

13.34
(12.40–14.00)

6

Postpalatal length
1

PPL 11.01 10.07 11.01 6 11.20 3 11.69 4

(10.08–12.59) (10.33–11.81) (11.09–11.28) (11.31–12.17)

Condyle to glenoid CG 11.11 10.72 11.20 5 11.36 3 12.06 4

 length
1

(9.97–11.88) (11.01–11.42) (10.94–11.77) (11.45–12.29)

Upper toothrow UIM 11.60 11.16 11.88 7 12.47 4 12.76 6

length
1

(10.85–12.27) (11.07–12.40) (12.18–12.75) (11.94–13.44)

Upper molariform UPM    6.79   6.31   6.79 7   7.19 4   7.29 6

teeth length
1

(6.46–7.13) (6.32–7.11) (6.95–7.40) (7.02–7.52)

Greatest width M2W    7.85   7.68   7.88 7   8.23 4   8.89 6

between M2s
1

(7.23–8.29) (7.38–8.33) (7.85–8.56) (8.43–9.30)

Mandible length
4, 7

ML 16.22 15.85 16.63 7 17.19 5 17.85 6

(15.50–16.89) (15.73–17.74) (16.28–17.76) (16.78–18.38)

Mandible height
4, 7

MH    5.90   6.01    6.09 7   6.38 5   6.71 6

(5.22–6.24) (5.63–6.28) (5.92–6.91) (6.42–7.18)

Lower toothrow LIM 10.48 10.36 10.86 7 11.17 5 11.51 6

length
4, 7

(10.09–10.86) (9.93–11.41) (10.73–11.62) (11.18–12.02)

Lower toothrow
5, 7

LCM  7.60   7.44  7.84 7   8.07 5   8.33 6

 (7.33–7.81) (7.17–8.25) (7.75–8.4) (8.11–8.65)

Lower molar LM  5.50   5.22  5.51 7   5.70 5   5.92 6

row length
4, 7

(5.29–5.60) (5.07–5.84) (5.52–5.95) (5.73–6.13)

Condyle
6, 7

CD 4.12   4.17 4.10 7   4.27 5   4.94 6

  (3.69–4.34)   (3.61–4.40)   (4.08–4.38)   (4.50–5.24)



pal com po nent axes ex plained 86.4 and 7.5% of

the to tal vari a tion, re spec tively. In the first axis, 

all vari ables showed sim i lar pos i tive load ing be -

tween 0.381 and 0.427. In the sec ond axis, CD

(0.624) and MH (0.466) showed rel a tively large

load ing (for oth ers, ML 0.069, LIM -0.321, LCM

-0.377, and LM -0.380). In the first axis, the C.

platycephala had a larger value than the C. hi-

malayica sub spe cies. In the sec ond axis, C. h.

leander and C. platycephala were larger than C.

h. himalayica. Two di men sional plots (Fig. 4b)

show no over lap be tween C. h. leander and C. h.

himalayica.

Dis cus sion

Chimarrogale himalayica from Tai wan was

first de scribed by Jones and Mumford (1971),

and then by Arai et al. (1985). Af ter this there

were no ad di tional re ports for Chimarrogale

cap tured from Tai wan. Our 4 spec i mens from

the Lala River were col lected in 2003.

Karyo types of C. himalayica and C. platy-

cephala are sim i lar to each other, ex cept for the

size heteromorphism of the short arm of no. 1

chro mo some pair in C. platycephala. This was

al ready re ported by Obara and Tada (1985),

Satoh and Obara (1995), and Obara et al. (1996). 

This size heteromorphism was ob served in one

of two in di vid u als of C. platycephala, but not

ev i dent in the two C. himalayica spec i mens.

Be cause of lim its in sam ple size, we can not

con clude whether this heteromorphism in di cated

in di vid ual vari a tion within C. platycephala, or

dis tin guishes be tween C. platycephala and C.

himalayica. The large FNa val ues of C. hima-

layica and C. platycephala (FNa=100) are char -

ac ter is tics of the tribe Neomyini as dis cussed by

Motokawa et al. (1998).

In con trast to the sim i lar ity of karyo types,

mi to chon drial cytochrome b gene se quences

di verged be tween C. himalayica and C. platyce-

phala. There was 10% se quence dif fer ences, and

these 2 spe cies were more closely re lated to each

other than to C. phaeura in Bor neo. Based on

Bradley and Baker (2001), this large cytochrome 

b gene di ver gence would be very un usual be -

tween conspecific pop u la tions of mam mals.

There fore, we sup port the view that C. hima-

layica and C. platycephala rep re sent sep a rate

spe cies. Hoffmann (1987) con sid ered both C.

platycephala and C. phaeura (in clud ing hantu

and sumatrana as ju nior syn onyms) as super-
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Fig. 4. Scat ter plots of the scores on the first and sec ond prin ci pal com po nent axes based on all (a) and 6 se lected (b) cra nial
char ac ters of Chimarrogale himalayica and C. platycephala.
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species of himalayica. The pres ent re sults

in di cate that this superspecies if valid in volves

as much as 15% of the se quence dif fer ences in

the cytochrome b gene. The himalayica super-

species con cept should also be re eval u ated in the 

light of our mo lec u lar re sults.

Over all cra nial size dis tin guished be tween C. 

himalayica and C. platycephala, and also sup -

ports spe cies sta tus. Hoffmann (1987) re ported

that the sub spe cies C. h. leander from south -

east ern China and Tai wan is char ac ter ized by

its small size com pared to other C. himalayica

sub spe cies. Our morphometric anal y sis sug gests 

the oc cur rence of ex ten sive intraspecific vari a -

tion within C. himalayica. The av er age size of

the Tai wan shrew was slightly smaller than

those for C. h. himalayica and C. h. varennei.

How ever, the first au thor ex am ined the non-

met ric char ac ters of C. himalayica spec i mens

in clud ing holotypes of himalayica, leander, va-

rennei and of its con ge ners (10 BMNH spec i mens

of C. hantu, C. phaeura, C. sumatrana, and C.

styani in clud ing their holotypes), and he could

not find any dis crete dif fer ences to val i date any

of sub spe cies within C. himalayica. To clar ify

the sub spe cies sys tem at ics of C. himalayica, we

rec om mend fur ther study of con ti nen tal pop u la -

tions us ing karyological and ge netic tech niques.
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