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Abstract

e -

Based on the characteristics of external and skul] morphology, and used in a multivariate
analysis for measurements of skull and dental, the classification of genus Moschus in China
and its adjacent areas (especially Himalaya area) have been reviewed in the present paper.

The result of the review indicates that the genus may be divided into five or six species; (1)

M. moschiferus (with three subspecies, i. e. moschiferus, parvipes and sachalinensis); (2)
M. berezouskii (with five subspecies, i. e. berezouvskii, anhuiensis, caobangis, yunguiensis
and bijiangensis)y (3) M. fuscus (with one subspecies and one incertae sedis form, i. e. fus-
cus and Mt. Everest form); (4) M. chrysogaster (with two subspecies, i. e. chrysogaster and
sifanicus); (5) M. leucogaster (with one subspecies and two incertae sedis form, i. e. leuco-
gaster, Zangmu/Khumjung form and Kuly form); (6) ? M. cupreus (or as M. leucogaster
cupreus).
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Musk-deer are peculiar mammals of the Palaearctic, the most of them mainly are
distributed in China and its adjacent areas ( especially the Qinghai-Tibetan Plateau and
Himalayan areas). There have been several attempts in recent years to reorganize the
taxonomy of the genus Moschus (Gao, 1963; Groves, 1975, 1980; Cai et al. , 1981; Li,
1981; Grubb, 1982; Wang et al. , 1982; Gao, 1985; Groves et al. , 1986; Ohtaishi et
al. , 1990; Sheng, 1992; Wang et al., 1993). The picture in China is now becoming
fairly clear, as follows;

1) M. moschiferus Linnaeus, 1758, in the northern China (including Xinjiang, Hei-
longjiang, Jilin, Liaoning, Nei Mongol, Hebei, Shanxi and Shaanxi), extending into

Korea and Russian, as far west as the Lake Balkash region, and north to the Arctic Cir-
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2) M. sifanicus Buechner, 1891, in the alpine Zone of the eastern margin of the Ti-

betan plateau country in Gansu, Sichuan and Yunnan, usually above 3500m. altitude.

3) M. berezouskii Flerov, 1929, in the broadleaf and mixed broadleaf /coniferous
forests of central and southern China, from the plateau margins east to Anhui, south to
Yunnan, southeast Guangxi, and into northernmost Vietnam, generally below 3000m.
altitude. five subspecies are distinguishable (Wang et al. , 1993)

(a) M. b. berezouskii Flerov, 1929, of the montane forest of Sichuan, south of
Gansu, Ningxia, and Shaanxi. Margins west to Lancang Jiang (Mekong River), south-
east Tibet, south to Chang Jiang (Yantze River), southern Sichuan.

(b) M. b. caobangis Dao, 1969, from southern Yunnan, Guangxi and Caobang
Province of northernmost, Vietnam.

(¢) M. b. anhuiensis Wang, Hu and Yan, 1982, {rom southern Anhui Province.
This was described as a new subspecies of M. moschiferus, but shown to belong to M.
berezouskii by Groves and Feng (1986). .

(d) M. b. yunguiensis Wang et Ma, 1993, from the Yunnan-Guizhou plateau mar-
gins east to Ichang, southwest Hubei. This was described recently as a new subspecies.
Its size be situated between M. b. berezouvskii and M. b. caobangis.

(e) M. b. bijiangensis Wang et Li, 1953, from northwestern Yunnan (western,
Mekong River) to Zayu, southeast Tibet. This was described recently as another new
subspecies.

4) M. fuscus Li, 1981, from the coniferous forest and alpine zone, 3200m. to
4600m. altitude, of northwest Yunnan and southeast Tibet.

Outside China, the picture is much more confused. Groves (1965) described avail-
able material, and suggested that two species, distinguished by size and colour (with
the pattern of the ears being most important), continued the altitudinal separation of
M. sifanicus and M. berezovskii along the southern margin of the Himalaya. Grubb
(1982) disagreed, considering them all one species. In this paper, we make further sug-
gestions on Moschus taxonomy, based on re-analysis of the Himalayan data including a

multivariate analysis of craniometrics.
MATERIAL AND METHOD

Specimens of musk-deer have been studies in the following collection; British Mu-
seum (Natural History), Powell-Cotton Museum (Birchington), Museum National d
Histoire Naturelle (Paris), Rijksmuseum van Natuurilijke Histories (Leiden), Zoologis-
ches Museum A. Humboldt (Berlin), Zoologisches Staatssammlung (Munich ),
Naturhist})risches Museum (Vienna), Bombay Natural History Society, Zoological Sur-
vey of India (Calcutta), Kunming Institute of Zoology, Chinese Academy of Sciences
(Kunming), American Museum of Natural History (New York), United States Nation-
al Museum (Washington), and Field Museum of Natural History (Chicago).

— 182 —

/




/

Ay

terior €xpansion); Posterior Nasal Breadth (at maximum posterior expansion); Calvari-
al Length (posterior orbital margin to inion),

then used in 4 multivariate analysis, using SPSS-X Discriminate Function, » Direct”
Metlod, on 4 computer at the Adustralian National Univers:ty, Canberra. Not all speci-

A. External characters
(1) Chinese Musk-deer
Moschus moschiferys

median one.; a]] three may sometimes be broken or indistinct, Limbs dark down front
surfaces. Ear Orange at base, black at tip, white inside. Hair-bases short, grey-white.
Hair length 73-87mm. , op withers, 45—68mm. on rump, according to season. Limbs
relatively short, metacarpal length 73—87mm, metatarsal 103—-118mm,

Specimens ctorresponding to this description come from the following localities ,
Chayu (or Zayy) (28°05' N., 97°3¢’ E.), Mengkang (29°50' N. » 98°30" E. ), south-
éast, Tibet; Bijiang (26°3¢ N., 98°40' E. ), Yunnan; Ichang (30°40' N. » 111°. 20" E. )
and Taipaishan .(29°0¢ N » 117°28" E.), Hubei, Kueiyang (26°35' N » 106°40" E. ),
Guizhou; Mei (34°12' N, , 107°50" E. ), Shaanxi; Siky (33°50' N. , 104°23' E. ), Gan-
su; Kangtah (30°10' N, , 102:1¢7 ;. d« Muli (28°12' N. , 100°50" . ) Pingwu (32 3¢
N.» 104°30 E.), Wenchuan (31°29"°N., 10340’ E. ), Yenyuan (27°30 N., 101%4¢
E.), Litang (30°10’ N., 100°18' L. )» Maerkang (31°34' N. , 102°25' E. ), Chingxi
(23°10' N.» 106°20' E. ) ang Achuen(31°34' N., 10295/ The altitudes of these |o.
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calities range up to 3000m. , in forest regions,
) We have not seen the tyf)e series of M, ». caobangis from Cao Bang Provice, Viet-
nam, but the Kunming Institute of Zoology has four skins from Guangxi, two.specimens
from Mile, southeast Yunnan and one skip from Langcang, southwest Yunnan. They
differ from nominotypical berezoushi in the lighter colour, the limbs are dark only from
the knee and hock downwards, byt the buttocks and ear-tips are stil] black; the hair s
shorter, 21—-30mm. on withers, 38—47mm. on rump. A

Moschus si fanicus

M. sifanicus from Sichyan and Gansu is completely different from this, as follows,
sandy brown with a faint dorsal stripe; more yellowed on the rump (without black
tones); ventrally lighter, throat with a single broad, ill-defined creamy longitudina]
band; limbs yéllowish, somewhat darkened down front surfaces; ears yellow-tipped,
grey inside; hair-bases long, milky grey or brown; In winter, hairs 34 — 42mm. on
withers, 52 — 64mm. on fump. Limbs elongated. metacarpal length 109 —118mm. ,
- Metatarsal 128 — 138mm. » and so less excess of hindlimb length over forelimb than i,
M. berezouski;.

Specimens of this des/cription are from the following localities , Tatsienly (=Kang-
tang), Litang, Batang, Minshan (34°N., 102°E. Dy Langtangxii, Kham country and
Archuen, Sichuan; Taochy and Kimar, Gansu; Zhagyab, Riwoge, Ngamning, Qamdo
region, Kungho, Kukunor (=Qinghai Lake), Menyuan (37°28' N. » 102°40" E. ), Qing-
hai; Tienchih (25°00'N. , 102°40' E.) and Techui (28°28' N., 9848 E.), Yunnan;
Chaya country, Luiwuchi, Nanyan (30°N. , 85°E. ), Tibet. Where altitude is indicated,
these localities are in the alpjne zpne, above the tree-line, and g0 up to'4 200m. ; It is

clear that the range of this species either overlaps or interdigitates with that of M. pere.

may be characterized externally as follows :very dark, black brown or nearly black, with
Very occasionally traces of yellowish spotting; juveniles retain agouti.bands, lost in
adults; neck lighter or black; ventrally dark; throat dark with often two incomplete vel-
low “collars”; limbs all black; rump with ochery tones, but black on buttocks like M.
berezouskii; ears and whole of head, black; hair-bases short, with very little ‘white, but
‘hairs in general long, 32— 46mm. on withers, 51— 63mm. on rump. Although the skulf
is smaller than in M. berezov;kz'z', the limbs are more elongated . metacarpal §g —
10lmm. , metatarsal 126 — 135mm,. » and so hindlimb even longer relative to forelimb.
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T he hoofs are also elongated; the main forehoof of the undermentioned Tibetan speci-
menis 27mm. long, the lateral hoof 29mm. , other musk-deer having maximum lengths
of 2imm, for either hoof, The Kunming Institute of Zoology bossesses specimens from
Bi Fiang and Bapo, Gongshan .(Approx. 26°30" N. , 98°50" E.), and there is a Specimen
fromZayy, extreme southeastern Tibet (28°25'N., , 97°06’E. ), in the collection of the
Ins titute of Zoology, Chinese Academy of Sciences, Beijing, identified by Prof. Feng
Zuo-jan.

three specimeng in the collection of the Instityte of Zoology, Chinese Academy of Sei-
ences s Beijing, Courtesy of Prof. Feng Zuo-jian and Prof. Wang Sung. The Specimens
are from the Zhangmy district of southeastern Tibet (approx. 28°N., 87°E. ), in tEe
forest wne, and were identified by Cai et al. (1982) as M. chrysogaster Hodgson, 1839
(but see below). They are dark, and Jack hair—banding, but the baseg of the hairs are

white; ears, limbs ang neck are aJf dark; the Posterior aspect of the rump js curious -

2) Burmese,Musk-deer

T wa skins, unfortunately without skulls, of musk-deer from Burma were described
by Groves (1975), and they were provisionally allied by Li (1981) with his Moschys
JSuscus from the Gongshan. Our re-study of the skins in this light demonstrates that he
was correct. They are both non-agouti dark brown, with dark ventra] areas and the oth.
er characters of pf Juscus (as far as can pe told from incomplete specimens). The Bom-
bay skin, BNHS 17845, from Dchpy L'kha, is lighter, more golden-brown than usyal,

The three Species described by Hodgson (1839) have been discussed by Grubb
(1982), and we have little to add at the Present time, They are as follows .

Moschus chrySOgaster: no locality was assigned to thijsg Species in the type descripf
tion but, as shown by Grubb (1982), it Was probably from the Tibetan plateay, north
of the Himalayas; the tyPe is as a skin and skyj| (BM 43. 1. 12, 3. ).

Moschus leucogaster: likely, according to Grybl, (1982), to be from the Himalayan
slopes of Nepal; the type is a skin (BM 43. 1. 12. 95),

Moschus saturatus, again, probably from the Himalayan slopes of Nepal; the re-
puted type is a sky]| without skin (BM 43. 1. 12. 9g).

In addition to these three, Lydekker (1915) mentions a manuscript name of Hodg-

ison’s. “Moschus cacharensis”, which js attached to 5 skull, BM 43. 1. 12, 93, » A num-
ber of other skins and skulls were presented to the British Museum by Hodgson; unfor-
tunately, like all tq much of the Hodgson collection, their localities have been lost or
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fudged as “Nepal”.

The type of M. chrysogaster is much faded, but is clearly recognizable as the same °

animal depicted in a colour plate lodged by Hodgson in his manuscript collection in the
British Museum (Natural History). As described by Grubb (1982), it is a highly dis-
tinctive animal, " bright sepia brown sprinkled with golden-red”, with a red-gold ventral
colour (extending to the inner surfaces of the limbs and the midline of the throat), and
an orange eye-ring; the ears are dark, but orange-gold inside, at the base, énd along
the rims; the interramal region is white; the lower segments of the limbs are light
brown; there is a black patch on the buttocks. Among the Chinese species, the speci-
men most closely resembles M. sifanicus, but (contra Grubb, 1982) it is not identical.

The type skin of M. leucogaster is again much faded, but is again detectably that
depicted on Hodgson's unpublished plate with this label. It is deeper brown sprinkled
with fulvous”; the interramal region and the region from the chest to the groin, are
greyish-white, as are the insides and rims of the ears and a poorly-expressed eye-ring;
the legs are dark all the way down; the throat is dark. A second plate shows a group of
four specimens, of which the two juveniles are spotted. .

The type skin of M. saturatus is not in the museum, and there is no specimen that
Seems to correspond to Hodgson's manuscript plate. From the plate, and the descrip-
tion, it would seem to differ from M. leucogaster only in the underparts not being light-
toned, although the interramal region, upper throat, and insides and rims of the ears
are whitish. We follow Grubb (1982) in allocation this name provisionally to the syn-
onymy of M. leucogaster. The reputed type skull of M. saturatus may or may not be the
original.

(4) Other Himalayan Musk-deer

We have examined about 25 further specimens from this region, though of these on-
ly some 10 specimens were adults with“both skin and skull, and of known locality. They
fall as follows .

(@) A Kashmir form, described as Moschus chrysogaster cupreus by Grubb (1982);
apart from the specimens listed in the type description, C. P. G. has seen two in the Cal-
cutta collection, from Gilgit (ZSI 19942) and from Peshawar (ZSI 9968). 1t is grey-
brown, often vaguely spotted, distinguished by having a‘coppery—biown unspeckled dor-

sal saddle; it has a very dark, grizzled grey rump, light grey underparts, white throat, .

whitish lower limb segments, and dark brown ears white at the base, with frosted rims.
The hairs have long white bases; their length is 33 — 38mm. on the withers, 37 —
58mm. on the rump.

(b) A “pepper-and-salt” coloured form from a small cluster of localities-centered
around Kulu in the Himalayan part of Uttar Pradesh, India (Chamba, Tehri, Garhwal,
Shokh, as well as one specimen from ” Nepal”, BM 55. 1. 20. 9). This form is brown
or red-agouti, sometimes forming a ”saddle”, often with light spots; the throat is light,
often in a diffuse median band; the lawer limb segments are, lighter than the body, be-
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with straw tone on buttocks and entirely dark ears; with Some, not much trace of paler
tone on the neck, and lower limbs not light. There are three skins labeled simply #
INepal” in the Bombay collection (BNHS 17840 and 17841);-an Immature skin from

T'serping in the Field Museum (Chicago); three calcutta specimens, ZS1 12448 nd 12449

and 12451, all from the Khumby region of Mx. Everest, Nepal, three from Sikkim,
(BM 91. 10. 7. 174 and 91. 10. 7. 175 collected by Mandelli, and a skin in the Field
Museum from Lachen, Tungu); and extending into Bhutan (theMankaner specimens
mentioned by Groves (1982)). In the somewhat agouti-banded (juvenile) skins, the
dark legs contrast with the speckled body. The Khumby specimens have a slightly
lighter underside and are light on the interramal region; apart from that, all these speci-
mens are alike, and closely resemble M. fuscus.

(d) Four very dark skins (but clearly agouti-banded on the flanks) in the Zoo‘logis—
ches Staatssammlung. Munich, fro’m Khumjung. Mt. Everest region, Nepal. ar
4000n. The neck s paler, more grey-yellow; the throat is pale with a poorly-marked
stripe on either side; either side (due to the long yellow tips); the chin and interramal
region, creamy white. The ears are frosted with grey basally the terminal half entirely
black The buttocks are yellow—brown; the legs, largely black. The chest is black, the
belly lighter, greyer. What these most resemble are the Caj et al.  (1982) skins from

Zhangmu district. soyth- eastern Tibet, which they suggested was M. chrysogaster but

is a head-skin with associated skull, BM 15.9.1. 238, from Lachung, Sikkim. Hodgson’
s plates of M. leucogaster resemble these skins.

(&) Two specimens resembling, quite precisely, the type of M. chrysogaster . BM
18. 10. 18. 1, from Xigatze, southeastern Tibet; and Bombay 17846, from “Sikkim, Tj-
bet”.

There are thus four, perhapes five distinct taxa in the Himalayan region; two of
these (M. cupreus and the Kuly form) are allopatric to the others, whereas the other
{our approach each other closely in the Nepal/Sikkim/S. E. Tibet region. As three of
them (M. fuscus, M. leucogaster and the true M. chrysogaster) are al| said to occur in
Sikkim, while M. Suscus and the enigmatic Zhangmu form are both securely recorded

from the Nepal side of Mt. Everest, it would appear that at least three species are in-

by an independent criterion.

B. Craniometry







