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Abstract; Musk deer( Moschus spp. ) are well known for the production of musk, a widely used ingredient in traditional
Asian medicine and the international perfume industry which is secreted only by the adult male. Musk deer are endangered
due to historic over-utilization of musk and habitat loss and habitat protection has been identified as one of the most
important ways of conserving wild musk deer. Alpine Musk Deer( Moschus sifanicus) , an endemic species to the Qinghai-
Xizang Plateau, Western China, is currently listed as vulnerable under the Convention on International Trade in Endangered
Species of Wild Fauna and Flora, and protected as a Category I key species in China. Although there have been some
reports on the habitat selection and conservation status in musk deer in China, most of these have been based on Forest
musk deer( Moschus berezovskii) , and so far, no study on the habitat selection in Alpine musk deer has been published. It
is, therefore, necessary to study the habitat utilization of Alpine musk deer in China, which is of importance to conduct the
in situ protection. The purpose of this paper was to present an overall quantitative surveying of the spring habitat of the
Alpine musk deer, and to explore the key factors influencing the habitat utilization, based on which, the implication to the
conservation measures for Alpine musk deer was discussed. In March 2006 and April 2007, habitat selection and use
patterns of Alpine musk deer( Moschus sifanicus) were studied using both line- and strip-transect surveys. Seventeen habitat

factors were measured and compared for 332 sites in Xinglongshan National Nature Reserve in northwestern China. Fifty-two
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of all the sampling sites were designated as being used by musk deer, and others as unused control plots. The results
indicated that Alpine musk deer in Xinglongshan Nature Reserve selected spring habitats with lower altitudes(2280. 94 +
17.06)m, higher(9.36 +1.21) m and bigger trees(102. 44 + 14.25) cm, and higher ground-plant coverage (26. 67 +
3.27)% . The musk deer also selected habitats with intermediate or upper slope positions(86.54% ) in south(44.23% )
and west(36.54% ) slopes which provided relatively bad concealment(76.92% ), little protection from wind(63.46% ),
and relative proximity to water sources( < 1000 m, 80.77% ) and human disturbance( <1000 m, 76.92% ). The results
of the principal component analyses showed that “shrub factor” (i. e. , shrub coverage) , “tree factors” (i. e. , tree canopy,
height, DBH and density), “food factors” (i. e. , slope positions, tree height and food abundance) , and “concealment
factors” (i. e. , vegetation type and concealment) were the most important in influencing the habitat selection of Alpine
musk deer in the spring. Conclusively, the habitat selection in spring of Alpine musk deer is a multidimensional process,
through which, Alpine musk deer adapt synthetically to the ecological needs of food resources, shelter, water supply and

ground condition.

Key Words: alpine musk deer( Moschus sifanicus) ; spring; habitat selection; Xinglongshan National Nature Reserve
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UF A R A AL, AT SR AR 5 R B AR A AT (R A B AT . BT, AR 1 X H A %
R LRI X B BR B AR R BB , RS H B T B A AR B A PR, DA BT A= 5 B A S A S5 . 1)
RIPEHEIR S
1 #HRMXEER

PP B AR X (103°50'—104°10" E; 35°38'—35°58" N) A +RZ LU LU RARFEFF 43, LA 2 37 km,
$& 17 km ¥R X 6] 2 2 000—3 670 m, {37 X PYHBSRTEZS DAHh (i L, A A Fdsi sty 32, LR ] FR B 4 b
RER AR . DRI E AR XA FK R D B K R, KA SRR S. 5 X107 m’,

PP X KBRS AR B3, IR 1—6.4°C 4R34 H FEEF % 2370—2000 h, G [ 7K & 556. 1—621. 6 mm,
MK AR A S T 7—9 A4y 4EZE KR 918.6 mm, MIXHEE 68% , TLFEM 110 d 24 %,
2 MIRAE
2.1 EHMEE

F NI AR B S IR BRRLR  FELR A1 FE > 1000 m, I RELR 23R8 100 m, [6] 4545 T ELAELR 5 1) & R4 T S0
m, DU R IS BER R AL (ZE08 278 EMNE CREBYRIESE) a0, i 14 10 m x 10 m Z5 B F A= S50 b
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(B 50 m FELREL AT 1 AFI R , ITCIRE , WIFE 50 m FELR AP A0 E 1 4~ 10 m x 10 m XF B ESE
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FeAKIZE 10 m x 10 m #E3 P 4 A 1 BB O S BGE TR A M K42 (DBH, 2524 1.3 m J4b) HIF-31E;

FRARE 10 m x 10 m B 4 A7 ) _EBE O S BGETRA (FrH T R 4%, DBH > 10 em ) & 19
¥IE;

TEAREE 10 m x 10 m FEH TR (E4F AR %, DBH > 10 om) $i ;

EARYE 10 mx 10 m FEHPY 54 2 m x 2 m B HE DA B B S 3ME

VEARZEE B KOREH AT B R b T B EL 3R

WFEMEPIEE 10 mx 10 m BEHLPY 5 1~ 2 m x 2 m AL PY ) bR AR 55 B A0 SF- 351 5
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3.1 REI T BEE T A B M L ARRRE
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FeARBI T TR A W12 B st FAE 5 AR B E 2R (P <0.01) , 53EF] FRE b B3R5 B AH H (3K -
(2355.00 +8.20) m;FF ARG (6.02 £0.36) m;FFAHIFZ: (51.60 £6.66) cm; i FEH P L. (12.93 +
1.02) % #H b , T B 35 247 15, b ) 9 R RE X 421K (2280. 94 £17.06) m, FR AR BE (9. 36 £ 1.21) m FF AR K%z
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(102.44 +14.25) cm K FEME G E B (26.67 £3.27) % ) YA o
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Table 1 Continuous variables in spring used and random habitat plots of Alpine musk deer

FEF IR (n =280) FHEHL (0 =52)

At Variables Random plots Used sites P
¥R Altitude 2355.00 +8.20 2280.94 +17.06 0.000 **
FrARARHIEE Arbor canopy 37.41 £1.54 33.85+3.94 0.433
Fr K% Arbor height 6.02 +0.36 9.36 +£1.21 0.006 **
T A4 Arbor DBH 51.60 +£6.66 102.44 £14.25 0.000 **
FrARBEE Arbor density 1.38 £0.07 1.64 £0.18 0.205
WE A7 Shrub height 1.61 +0.04 1.58 +0.11 0.910
WA 3% Shrub canopy 32.59 +1.48 34.13 +3.76 0.901
i MY 55 B Ground-plant cover 12.93 £1.02 26.67 +3.27 0.000 **
Y £ & Food-plant abundance 38.99 £3.00 33.31 £6.90 0.133

T B P ME « bRUEDR s « » ZRMEBE (P <0.01)

Wi 2 Fin , DB A FRE 45 I ) PR b 2 35k i 338 08 I BE b 0 22 et (38 (i oy = 14,27,
df=3,P =0.003 ;37 ;" =21.09,df=2,P =0. 001 ; 3 & :* =5.68,df=2,P =0.006) , 55 & & KA 5%
AR ST AT AR Y, BB E e TR FI R 4 (44. 23% ) FIPGHE (36. 54% ) WS 4th, T H 2 £ P A A 55
(86.54% ) , %t 30—60° AL FESBEFERL L (55. 7T % ) o 7 181 7E sitk XU P B B2 19 25 St 3K (2 38 7K1 (XL
RO = 7.82,df=2,P =0.02; JRHEE " = 8.47,df =2, P =0.01) , % ZF It 1 3k AL 0 i B8 249 440
X 4522 (46. 15% ;48.08% ) o WLAN, By B2 FIAE 1 5 3 1) FEAE 26 BE /K VR BE B FIBE BS A0 TR IR R Lt
FUEREES OKIEER ' = 8.47,df=2,P=0.01; AN THRBER :x* = 19.95,df=2,P =0.00) , L fFESE
ZF BB /K IR ( <1000 m,80.77% ) \BE AN THRBEES# ( <1000m,76.92% ) FAT S 4.

®2 DEESFARBTENAEEERBEEETENLE

Table 2 Discrete variables in spring used and random habitat plots of Alpine musk deer

FHIX Frequency B33/ % Percentage
|
JF Factor 51 Ttem ff@fg?ﬂ ”'(‘ﬁ*fj;ﬂ ff@fg?ﬂ *(“nﬁiﬁif)@
Random plots Used sites Random plots Used sites

3 7] Slope aspect % 30 6 10.71 11.54
5] 87 23 31.07 44.23
[iif] 70 19 25.00 36.54
Jt 93 4 33.21 7.69

X’ =14.27,df=3,P =0.003 **

i Slope position T3 66 27 23.57 51.92
gl 103 18 36.79 34.62
Nt 3 111 7 39.64 13.46

x* =21.09,df=2,P=0.001"**

BB Slope gradient 223 <30° 86 14 30.71 26.92
Hii 30—60° 174 29 62.14 55.77
BEYE > 60° 20 9 7.14 17.31

x* =5.68,df=2,P=0.06"*"

it et LR N 69 15 24.64 28.85

Vegetation type A RETREAS 80 13 28.57 25.00
VA AR 90 10 32.14 19.23
W 36 13 12.86 25.00
Hih 5 1 1.79 1.92

x> =7.31,df=4,P=0.12
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EsS
FRIK Frequency H 4>/ % Percentage
I Factor THH Tiem R ey e fis
Random plots Used sites Random plots Used sites
FKIRBE RS i : <500 57 18 20.36 34.62
Water dispersion H1 500—1000 71 24 25.36 46.15
it > 1000 152 10 54.29 19.23
¥’ =21.62,df=4,P=0.000"*
[ Concealment B 114 12 41.76 23.08
H 78 15 28.57 28.85
% 81 25 29.67 48.08
X’ = 8.47,df=2,P=0.01"**
HERAR DL B 91 19 33.33 36.54
Lee condition H 98 9 35.90 17.31
%= 84 24 30.77 46.15
X' =7.82,df=2,P=0.02"**
AR TR JfE <500 39 13 13.93 25.00
Anthropogenic H1 500—1000 82 27 29.29 51.92
dispersion 7 > 1000 159 12 56.79 23.08

¥ = 19.95,df=2,P =0.00**
R AP ME « bR « « ZFWMBE(P<0.01)

3.2 X DEREFEF AL RN E RS0

Xt B B 2 A R PR R A 5 B AT A AT . 3R 3 TR B 4 MBI R R T
76.08% , T LBty 3t S R T R AR 2 AT S L RO ARRALE , R IGB BET 4 A 2T 0 AT , AR 2% A 3570 B ) Ay
RBAEIERDMER R B — TR (R 4) .

®3 XELDRESFERMEEREESR
Table 3 Eigenvalues of habitat variables for Alpine musk deer during spring

HFFs FHIEME TAHRAE/ %o RitwmE/%2 HFFS FHIEE TR/ % it sk %
Component Eigenvalues Percent Cumulative percency Component Eigenvalues Percent Cumulative percency

1 5.91 34.75 34.75 2 3.70 21.79 56.54

3 2.11 12.41 68.95 4 1.21 7.13 76.08

5 1.07 6.32 82.40 6 1.00 5.88 88.28

7 0.53 3.14 91.42 8 0.51 2.98 94.40

9 0.34 1.99 96.39 10 0.25 1.47 97.86

11 0.16 0.93 98.79 12 0.09 0.52 99.32

13 0.07 0.41 99.73 14 0.03 0.19 99.92

15 0.01 0.08 100. 00 16 0.00 0.00 100. 00

17 0.00 0.00 100. 00

S — EMFAEEN 5. 91, TRR AR ik 34. 75% , HEAR S BE 8 R BN XA K (0.90) , R T HFF L
BT S5 3t PO R S B T T AR AAE , DRI M 28— R e SONEAR IR T S e 1 WA, DR ES AR
BEEH (0.34 £0.04) % K455

5 EBUOMFAEEA 3. 70, BTRRERIK 21. 79% , Horh Bir RECAE X EBR HAE B TR AHR P BZ (0. 81) 1
FAREEE(0.72) R T HZ S AT B b B T A BT T B ARFALE , DRI E #5508 — o € O FF AR R 7 45
R 1 ATH, DRE SRR BEE P ((33.85£3.94) % ) H—EFFARMBE(1.64 £0. 18) BREGA: 5

BB = FAMFAEE 2. 11, FTRRERIK 12.41% , Horp 387 R EEXHEBR AL BRI (0. 68) FF A
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( =0.65) MEMZE(0.57) , KB T LEFEFM S MY 2 B 75 H AL K 12 SOV RN 7. ek 1
MFR2 WA, SRETETHEA TP THRAL(86.54%) M AB R (9.36 + 1.21)m F—ERYEE
(33.31 £6.90) BRE 435 .

®4 DREFESHETHERYNEREERSR

Table 4 Rotated component matrix on loading coefficients of habitat variables for alpine musk deer in spring

255 Variable F#AE 5 Eigenvector
1 2 3 4 5 6

MR Altitude -0.79 -0.20 0.37 -0.12 -0.12 0.09
FEARARHIE Arbor canopy -0.30 0.81 0.05 0.17 0.17 0.32
FE A Arbor height -0.69 0.16 -0.65 -0.03 0.07 -0.15
FrAMg#% Arbor DBH 0.70 0.49 -0.10 0.09 0.27 0.35
Fr AR BE Arbor density -0.42 0.72 -0.10 0.17 0.22 0.29
WK 47 Shrub height 0.79 0.18 0.15 -0.29 0.32 -0.15
WK 3% Shrub canopy 0.90 -0.22 0.25 0.15 -0.05 0.14
Ak 55 B Ground-plant cover 0.72 -0.23 -0.12 0.21 -0.43 0.11
YY) £ & Food-plant abundance -0.46 -0.57 0.57 -0.18 0.03 0.05
315 Slope aspect 0.76 0.35 0.38 0.13 -0.04 -0.09
3ifi; Slope position -0.03 0.65 0.68 -0.04 -0.16 0.04
W Slope gradient 0.70 -0.01 0.25 -0.26 0.29 -0.20
FEE A Vegetation type -0.15 -0.41 0.09 -0.58 0.06 0.61
A I /K Y5 FE S Water dispersion -0.61 0.57 0.26 -0.26 0.14 -0.30
[ ¥ Concealment -0.53 -0.27 0.46 0.54 -0.01 0.16
HEXVIRDE Lee condition -0.27 -0.52 0.28 0.40 0.55 -0.17
A AT Anthropogenic dispersion -0.22 0.62 0.28 -0.07 -0.42 -0.17

S IO R AMFAE A 1. 21, FTRRERIK 7. 13% , 20 R B0 O RAB AR ( - 0. 58) MRl (0.54) , )2
BR T SRV 5 o P AR , K 58 DO B O BRI 1 SR 1 MR 2 AT, SR EF M B i
PR EESR /1N (48. 08% ) , W AB BRI A 1 5 LU A8 7 27 , BV X Ak Lt TR SPK L W ARRIEE AR B8 386 — 5
MR . DEEZAESA TR B R A4 13 6 Bk .

®5 DREFEBEETHEIRSSERGAE
Table 5 The principal components of spring habitat factors in alpine musk deer

E sy MRS B K AR B HF s THRE/ %
Principle components Variables and values Definition Percent
1 FEARERE (34,13 £3.76) % WAHT 3.5

HREAE (33.85 +3.94) %

g FRABEE1.64 £0.18 FrAREF 21.79
i . HF T (86.54% )

3 FFAKFE(9.36 £1.21) m BEYHEF 12.41
YL 33.31 £6.90

4 REBRER . F3 — .

Bk B 8/)N (48.08% )

4 itig
A S PR B AR S AR B R AT B L, IR E S A R BRI R R B B, R A S E
BHEVFRESS B OFEER NS YA S R s A A S W' AR SEFER,
@%Xﬁ%ﬁ%%ﬁﬂ@ﬂﬁ%ﬂm%%ﬂ%ﬁﬂiﬂ%,#Fﬁiﬁlﬁgﬁﬁa‘lfﬂ Mo TR AR AP R,
EARHETF FTARETF EYWHEFREERE T R22m6E L D RERA RSN R FERR, LREFREEH
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AR RERE R T DR E A Y R B FK PO B M A ST K

BRSNS EENRENFNALHE . DRRMBMMIE T A HAERR AFZEAYEET
BRI, AT , Th Y T4 2 B2 I & IR B BC R BC B35 55 B A IO s h M RE R FERUBLR, R T E
(5—6 A4r) FEAFERERR 2 M350 4h (MEIR) FBRE 20 (HERR) 0 R Ik, B3R 4k 1L D b AT R A
BANE R BRI , BRI B 54 BRI M SEAEK

BER Y RIS 8 R 42, K R BT R UE T H AW 5t Wy i shokse - AR SR 4L i B
EEMEZ M AR R HEAAEY) , 1A, B Sh W B9 B KSR B i B LS B BT B AR R
58, BR AR E LT 60—120 em 477 . FEH 4B LR IX, Th B0 B4 LAIRS I -V DAt 3%
W £, EE S MY A Bk (Corylus mandshurica) | -5 #) F ( Cotoneaster horizontalis ) . % Fij ( Plantago
asiatica) VH 7 LL#E ( Crataegus kansuensis) J Y2k ( Hippophae rhamnoides ) %5 | B Fp¥E AR R H L, Bk
MEE R YPRIR AR 7Y L RO H A DRESME RN T BRE R, AR P S —E o
E=ERW5T.

7 —J7 T, BE s A S , S SR SR LA R DR S o R Bk BR Pk i O 3=, AR AR 4
N BE S R, UK R0 T R ) DR 3h A R B A A T R, FEARER ST R, TR R —
PR AR , RPN PR RN T B 25 1 AR S A T0 B3 R0, B R T B 2o X bk L R AR
WEH R STPR ) e B LU B4 (EAESX T L AP S B M S st , 7 T B 5 DA 55 B LU A& Hh (34 13 £3.76) % Y HH
B, LSRR T R AR bR ok, SABRI S R0, 3% HaE, )1 A L R bR
( Moschus berezovskii ) [BIBEAR T T HESE BE 3 KA 3% , STEATHE I 16 3h o

WA R T AR SRR S e T B+ 8 B R R, o DR A RN EER R —
(BEZFEWIT) o AP, D EFEZW B i IF AR JZHR P BEE H (33. 85 £3.94) % FrAREH (9. 36 =
1.21)m Fe3eBEsdE i (30—60°,55.77% ) , SR A IR AR R Z A BRECK, FOG &N EE R, # T T E#EAR
R AR, B, DB R Y& BERT , R o, o] T 5 8 W Jo] BRI 2R Bl e 34 JR DL T J e
( Moschus moschiferus) ")

BB R B, UL DB E , S B AR Rl R R g T K A ) i T A AR
BIE WA RN, LR T BEX M K PR R BRI R oK , T Bt 2RO e B2 B AR B PR oK, U2
TEREEANFEE N BRI BN R Z HF T, TEXFEGEERET , & DR LI B R R B #%,
AR SEXS B+ 5 BE AR SR e 9%, BN A R A R Bl B2 E AN TIE S A S Z B I
R AT B — A AR B MRS X EIE T A7 4 AR S A HEIRT , B T 8% ) A B e 19 2 S0 48 BE AT 1Y), T O
JEER— PR, WL IE PR AN, 4R LU Eh B 20 FAE ) B 22 B R B P IR oR B U0 TR FIRE S, T2 2 9T
FORTS I ERE 8, T SEIFT e R 2 AR 35 B AR M R R RS L IV G5 8 I IR B R o

BeAh e A VYL A H AR 4B L, ZK A D T EL M AR M R AR, 5 B R AR B W 20T AE W3 51 A
BARMGRAETFHE™ (40 X B 2 A F A At A TRV R B B0 X 880, 3 2 4 5K U8 A BB 4 IR
&, MBS K BT SR RIERR , K IR R H A DB Z — , TR A Y A IX B AR THAIAE 77 % 6 g
B S A —E R, FEASR S, T S BREXKIE B R RR NS, HERER 25
A THARIER X 8], HE B F B AR R R BRI A T BE B W H0E, S A W 2R i ST
BRIV EKEYOK R, £ 20 S8 B RS M RAEY . AP E TR0 g RIWIESE T X
K BUBSRRHE RO R0 O B 2 A SR e PR B R 7 (SR MO S R ) , %R L T B A 7 2 i A 4 1 %o e i BE 3¢
NSRRI S B W) A K IR B AT SRAG I, X R — R R IE W S sl R, BB SRR LR X KB BN
JE SR ERR, T HX SR E A T —E vk BE R E , BRI, OR3P DTN 3 X R T4 DX g A Fy A 35 4 B I v
ZEWE SR X AT .
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