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Tangjiahe National Nature Reserve, Sichuan Province

CHA Mu-Ha” CHEN Li-Min® YANG Shuang” XU Shang-Hua”
GUO Xiao-Bing” ZHANG Bao-Feng” HU De-Fu"”
@ Beijing Forestry University, School of Nature Conservation, Beijing 100083;

@ Tangjiahe National Nature Reserve, Sichuan Province, Guangyuan 628109, China

Abstract: Forest Musk Deer (Moschus berezovskii) is an important member of ecosystem and has great
commercial value also. Forest musk deer is threatened by poaching for musk pod and habitat fragmentation.
Therefore, Studying on Musk Deer’s habitat preferences plays a crucial role in protecting their habitat. Musk
Deer is a solitary mammal and is not easily found in the field. However, Musk deer has a specific defecation

behavior that they uses repeatedly one or more specific defecation sites. Those latrines can be found through
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out its habitat. In order understand the habitat preference of Forest Musk Deer in Tangjiahe National Nature
reserve, we selected 17 quadrats of 1 km x 1 km in size through out the elevation gradient 2 300 - 3 200 m
(Fig.1). Within each quadrat, we checked the deer latrine by walking a transect of 2.5 km length and 10 meter
width. We also recorded both biotic and abiotic factors within the transcetion. Ivlev’s electivity index,
generalized linear model and multiple correspondence analysis were used to analyze the data. We found that
the forest musk deer prefers to use latrine sites in coniferous and broad leaf forests (£ = 0.528) and avoid
evergreen broad-leaved forest (£ = - 1), secondary deciduous broad-leaved forest (£ = - 0.816) and evergreen
and deciduous broad-leaved forest (£ = - 0.585). Latrines of musk deer were densely distributed between 2
000 m and 2 600 m altitude. Further more, shrub coverage and slope have a crucially influence in latrine

preference of forest musk deer (Table 2, 3).
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correspondence analysis; Generalized linear models

W FLBNIAE — B AN ] i Hb A 2 IHE(E
1 >3 4B R I B 47 2 (latrine behavior) (Irwin
et al. 2004), TGt P& AR £ PR AL 3h P Ek
ML RN B JE M I L 3 P ¥ AT AE X AT N )
M, CHZ W TRATHEY R (Wronski et al.
2010, Aadrean etal. 2017, Singh etal. 2018),
J FiT AT 9 A AL A R — B A A 08 T B
(Green 1987) , b FAq k4 a7 A HUfL 3K 5 8k
YL (Gilbert 1997). $riHl & #1BE: (Eppley et
al. 2016) E1EA, BAREBENESHE L.

B2 (Moschus spp.) #& 2R IR A FIMATG /)N
B2z, W2t HEIEs. THE
A ERRRERFEENER, BETEY
A BRI 90% LA CEEAIAR 1996) o T 50 4
H, NFTEBEEMA. MRS . MR UL
& O R0 E AR BB 90% LA F, B
AbT-BfEARAS, 2002 A BF 2L T Fh BB N 1H
K 1 AR F LS (Yang at al. 2003, Meng
etal. 2006) . B¥RBAME. HEE. P&, 4
RS AR R, SR SRR AR AR iR
SFWPIREUE B &, EIE IR IL (Green
1987, Sokolov et al. 1987). EFZSHE(H 55 (latrine
site) &L EE ML EIE IR T, WA EAHEE
M HESFF (Green 1987). EFZEHLERHE,
ITENRERE, MECLRILSAR, —es i R A B R
b S EIE HEAE SR T I B

75 tH B R AR AR AE PR B B & B B A S
456 ({84545 2010, Khadka etal. 2016, Singh
et al. 2018). ITHK, HE(H fUBSK L 2 Hhpl 1F
I FERIVEA B 2 S b AR R, RN
BANAESY LM EERRMEA.

R, AT 2018 4E8 H 20 HE 9 A
20 HRHMREHHHE f/E bR IR, B 50 AR B
BRI, Haon B R, il e A s it
AR SR SRR R AR -

1 AKX

1.1 BRI

BT DXL T DY 148 5 50T 1 5K 4 H AR
{RIIX (104°24" ~ 104°53'E, 32°32' ~32°41' N,
Hly Ak DY )1 25 ) 7 e i e R D v L e 2
iy, A 2 VEIbE, R, Sk 3 864 m,
AR 1150 m, BEAIZ) 400 k. S A%
RUKHER S AEAFAE B TE B AL, 1 500 m
PLUR ML, EIE 12 °C; 1 500 ~
2300 m Jyliigy, I 9~11.5 C; 2300 ~
3 200 m AL IER AT, AR 10 Cs
3200 m DL BN HB T FE AT, feom AR TR
10 ‘CLAF o HARME i EA SR 1L A 2 H
FRIE, BEWIR m R RN E SRR,
g 713 ol 1 7 NN A B L a7 N | =T TR A
A EN . RS, BRI B ) 7
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H TR EREE, Z XA A
TR 9EX 5 2R S A b R 75 7 X 341X
RO IACIREE, S e EE, 1t
HHEMEZY 5 927 H 101 £ 267 J& 430 Fh (i
Hadk 2005),
1.2 WRFE

AR X AE R A R B, M A Y )
Ly T B RRAE (A HR A% 2005, BEOUARSE
2008) . [Al bk, ARYE IR A AT E 1 17 /> 1 km %
1 km F£77 (D, BMETHNEDAE 1%
FELL, PRI R TEEL 10 m, K g e 2 fif
2.5 km. FEZEEERE 400 m EFIMIE 2 4TEH
130 m #ERFEL, %6 10 mo LU R BUM
BEHEE o E 1 10 m x 10 m ARESA
FARETT s BRI B HEE 5, TERRHEL T
HE 1410 m x 10 m XWERETT . BRUlE 2
PRI ZWE 14N 10m x 10 m BEJ7, #ETIH
RO A AL AR BE LA 2 m x 2 m /IMET .
W R I T B DA A B AL (&
EED, WIZkLRAT i & v A A RAR LR AL . SRS

KW E AT (& RWEE 2005, HHIEAESE
2007, 2255 201 D IFEEG A X )L FR1G O,
WSRFETT W& IR, BAR 10 m x 10 m Ff
eI A KFETT, 2 m x 2 midiR A/ NETT, FE
T & BRI SR .

W KFETT RO s A R

WeRE: RFEJTTHIMEE, ~FH (0°~5°), %%
(59 ~20°), REBE (20° ~ 45°), BEIH (> 45°);

Weimr: RFEJT MR, ZRIE (45° ~135°),
3 (135° ~225°), Ph3 (225° ~315°), Jk
Y (315°~45°);
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Fig. 1 Distribution of 1 km x 1 km quadrats
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FE P340 s

PR TR E: R ArcGis A1
NEAR 73 =R A 07 B B TP IR I B 2R 5 .
L3 RS

KH Ivlev EENEFREEL (Ivlev’s electivity
index, E) THEMEFX RMER MW E, E =

(Ui - 4D | (Ui +4p, L, U ARHR A R
TR 1 SRR BRI A TT 5 BT A R
FIRETTHURI L], A A e BAT 1 A
FRBIRETT BT . E HAE -1 A1
Z I8, Hrh, FUERREERE, ER RN
o SR HH 22 BN S 43 BT i e A 58 IR 11 4 SRR
B 5HME UENEERR, FEARITR IR AT AR
R 25 0 R ) 22 etk o AT SRR
7 (generalized linear model, GLM) #E/~AE3%
DA A R A B S HE(E SO b R &R, FEDT Y
MO CHHE SR BAAEAE ) 141 I
AR, A HT A EIED R (stepwise
stepwise method), HR 4 AIC (skaike information
criterion) fEEFHEBA., HH R F1 glm
BREEAT Logistic |15 . %4 734t H EXCEL.
SPSS 22.0- R 3.5.0 fil ArcGIS 554 FE

2 g3

2.1 MREFXS FRARERY () i 47

R A R A 4 SR PR B HE(E il A, K
AR B0 SRR A R B e . B ARG
TR iFET VRS AR (E =0.528), KB &% i Ak

(E=- D, RAEEHEMHA (E=-0.816) Al
i SRV A HHRASAR (E= - 0.585).
22 ZEXMNSER

Bk (M. Yom. BB, TokE
ARPAFE . FEA IS, ENGE E . Hh R A Y 55 )
et A, AT Z EX N 8. JTPIANGERE
M RIFT % 68.53%, WAL RIS 1)
Cronbach's Alpha 15 £ 5 %053 724 0.728. 0.481
(R 1D, VR gERONEE. RYE 2 EXt
RAHT (B 2), JETEIR A (0, 00 HIRELH
[7) 7 6 S B AR R X I AR 2 R A B R .
UF 9% B AR BT R ERIWLF, F R
stats £, X R EHITRATRE (R2), 7]
DA AR B HEAS s bt 5 rp s 25 FE N (P =
0.011), MEHSA RS (P = 0.001)
A R R I BESE (P =0.030) HAHM:, H
FIREREL A I (1) SRR AR 2230 TEE NI
R

£1 BEXNBAEILEL

Table 1 Summary of multiple correspondence

analysis models

i B3 FHIEE i
Dimension  Cronbach's Alpha  Eigenvalue Inertias

1 0.728 3.756 0.470

2 0.481 1.726 0.216

&St Total 5.482 0.685

23 EETEMT NEEER (GLM) 747

RIEIZE SR (£ 3) i pIERHR,
BT AR5 BN CAIC) S Bk GLM KAy,
SRR (RO, BKESTAE P RERY
Wi PR B HEE Ak bE G B, ERARE T
R B kN RE (P >
0.05). FIFH R 1 predict %, HER 41E T
AR, R IR BEHECE 5 H I 1 5 i o Vi T
BTN, 7E 2 500 ~ 2 600 m AR A (&
3)o RILIPREEHEE & = ARLENFR 2 000 ~
2600 m Z (8], BAKHEHK (<1800m) FIHE
MR (> 2 700 m) X IR BE A K IR B 0 HR 8 A5
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Fig.2 Multiple correspondence analysis of categorical variables

R AT L. Low cover; MMM P ifi . Medium cover; MU AL P & 55 5. Medium-high cover; MUY & if &. High cover; &
#E . No shrub; # M35 Z. Low shrub canopy; # M H 55 . Medium shrub canopy; M H & 7 fZ. Medium-high shrub canopy; # M &6

J%. High shrub canopy; FI| FHFE 7. Presences JEFIFHFE 7. Absence; BEdf. Steep slope; “I*3. Straight slope; Z83%. Gentle slope; B3, Inclined

steep slope; %<3 East slope; Pi3. West slope; F§3. South slope;: k. North slope; [M13. Concave slope; 1™i3. Convex slope; & &3
Uniform slope; JC3JE. No shape; J . Open area; FrAJZ KAL), Low canopy; FrACZH AR 1% . Medium canopy; Az =l A .
High canopy; # ZkfEH#K. Evergreen broad-leaved forest; ‘i £k7%& M [ H#K. Deciduous broad-leaved forest; (XA42¥& M- fiEi#K. Secondary

deciduous broad-leaved forest; %1[# B2 #K. Coniferous and broad-leaved forests.
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MR — R EN ), & B LY s
(] SR Bl o AR AR A R L 12 i Al D L
IR R, O S AR e A, Aoy
R MR B 3 Z A IR 2, PRI HRSE R0 3
AREZEMARYE L BEIHE S TE

AN S, X T HA 2 A 5T A 1R E L
¥e7~1EH] (Green 1987, Shresth et al. 2014),

H ZN

oL

HRAE Ivlev KEFEMEIREL, AW FU R DLEFE
TR AT MR AR B i 47 AR 2R 7 (E = 0.528), 1M
FUBEH SRR AR (E = - 1.000). KA FEH
W (E=-0.816) FIH Sy B (E=

- 0.585), {HE E NAEFHAAREMNEE T 2A
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FIFH AR A, B 50 bt R AR B S0 43 A1
TR A T ] P PR A SR T AR . FEAR
BT U 56 S B 1 P B 1) B 2 1 I AT
W AR MRS S AR SRR,
KA TR B A SRR e (B 55

20070 MRESU AR A B R AR E (£
A 1988), [HDAI ISR 1 AN [F] He A 4 1)
PR A Z . ) b (%

1974) FNPY )1 i K AT B SRR X (B S
S51995) MRESVE BN TR Sk EE Ak DY)

R2 ERZRENFRITRER
Table 2 Chi-square test of habitat factor
R T GIELE R TES AR I 7 A Jﬁ?‘iﬁgﬁ
Habitat factor Frequency of present Frequency of absent  Chi-square
quadrats (n = 26) quadrats (n = 161) test
iR Y Straight slope 0 14 7 =885
Slope 2% Gentle slope 2 28 pif;()33o
FHBES Inclined steep slope 6 55
[5E3 Steep slope 18 64
W) R I East slope 6 44 2 =0.94
Aspect R bt South slope 10 47 Y oao
P West slope 4 30
1t North slope 6 40
Yo T3 No shape 7 57 =383
Slope form [U3 Concave slope 0 12 Pif;2380
"3 Convex slope 8 46
549 Uniform slope 11 46
TeAR 2 AR A FE FF i Open area 4 36 =155
Canopy cover {REEHB 4] Low canopy 15 85 pdf(): 6360
TR AL Medium canopy 6 38
{4 AT FE High canopy 1 2
A 2 Y i Gk [# AR Evergreen broad-leaved forest 0 10 7 =155
VegeRHON e kgt 4k Secondary deciduous broad-leaved forest 1 70 pif; 0301
5 4% 7% FE Ak Deciduous broad-leaved forest 2 53
£ RRVRAE AR Coniferous and broad-leaved forests 23 28
N TE#E M No shrub 0 2 2 =12.93
Shrub canopy cover k35 Low shrub canopy 10 102 ptgo: (;‘ 11
i B Medium shrub canopy 8 38
% 5 % Medium high shrub canopy 6 8
i /% High shrub canopy 2 11
iﬂﬁ*ﬁ%}i%fi {35 % Low cover 19 99 =5.10
Surfacz::fretanon 5 B Medium cover 7 35 P dfo 1360
i 55 % Medium high cover 0 10
w5 ¥ High cover 0 17
LR df SRR KA. 7R EEREN, P<0.0l, ZFHEE P<0.05, #FEH: P>005, ERALE.

x* and df indicated chi-square and degree of freedom. The significance standard: P < 0.01, extremely significant; P < 0.05, significant; P >

0.05, insignificant.
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Table 3 Stepwise regression results

A%t Habitat factors AIC
R PR PR ARE M. RARBER . WEAFYSE. TR 108.15
Altitude, average height of trees, average DBH of trees, tree density, average height of shrub, disturbance distance ’
W TR FARTIINE, AR, TR 106.16
Altitude, average height of trees, average DBH of trees, average height of shrub, disturbance distance ’
R, FRIZTARIE . FA TN, TR L0416
Altitude, average height of trees, average DBH of trees, disturbance distance ’
W TRRE Y EE . ToRZFM04% Altitude, average height of trees, average DBH of trees 102.20
HBR. FARBEFH®E Altitude, average height of trees 100.31

FAA AR AIC G B A% . The final model is printed bold.

£ 4 ET AICHENEFEREL GLM B R
Table 4 The results of reduced GLM model

selected based on AIC criterion

A it WERE Z4iHHE
Habitat factor Estimate Std. Error  Z value
P Intercept - 19.200 3.640 -526 <0.001
WK Altitude 0.009 0.002 522 <0.001
TR E T

- 0. 0.090 - 1. 0.069
Average height of trees 0-164 1.82

61 1.0
1 #53% Frequency
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Fig. 3 Predictive probability and frequency of feces
occurrence along altitude gradient

B, HHME IR, MR A U IR

Frequency. The frequency of the latrine occurrence; Probability. The

probability of latrine occurrence.

BTIRE EH AR X (RS 2001) FISEGS K
AT AR R X (25 2011 ARESEREM -
BB AR R AR TERIS AL B R TR
DX B O f 4 R VR AC AR (BHEREEZE 2007), 1X
ARS8, S B i R —

SERTATEEME (FMEVK 2001). AR, AR
W RFIMREE, HTASHENER, SR,
A7 IR LSS R A8 S TR 1) i o AN S AH [
IRZHEF R, MEEXTRER A B B ik
P (E4E% 1988, MAFARS 1990, s
2001, ¥R 2011). X 5AR TG RS,
EATIF T A AR B O 4 R 4K X 1] 5 IR B 9T 45
RBEH—EMZER. XA [F & H X 7ERE 2 R
X 5] P PR B 25 AR RN R AN [ 8 (B3
FREF 19900, ARWFFAEHIR 1900 ~2 700 m 2
(B350 R0 7 AR B I HE(E A, ELARBSHEAE S AR A
(PIRE 2 Bl AR I = B . A LRI, Ak
B HE(E A 3 A B R AE K 2 000 ~ 2 600 m [X
B, AR5 LANJLRAR: —REEEA, &
JB% 3 A7 £ H g X TE) A A VR A AR Y
(2000 ~ 2 500 m) MHEE, e EEAHE
MBS B m i R g R — RRE N EEE S,
FH T B8 = T A 1 B IV ) 1 R0 4 B S A Gl
UF M HEEZE R 2 B R CERFIRR 2007) ik
Higzhm kMR =4, RE TR MR 2
ERRR KR R —, SRS EE
Ak Gl FE T BB A, AR B B3 )R R
PAFEHEE:; Z—RAATI, NATHaw
WAKES T B 0 (E2 &% 1988, FFass
2001), THEE/N IR HUIX Can A BEPRAR A3,
MR 2 000 m) AR BEHEAE m AR B,
551078 1R 25 CPRBFHECE siifg k- L350
4200 ~300 m, BEETHALEEIIR, ARG
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FOR R, EEFHRY I G4 1 250 m)
AR GER 1 200 m) J& Bl %=
N 600 ~ 1 000 m.

LY brivke F NIV S8 T I s Na o XA srN
TR S5 & RS Z 18— R T & (Allen-
Rowlandson 1986). AHFFL AL, MEFXH &
5 JE HRE MR BES BN BT BRI AT 23
WIS B N R —, ENONMREF RO R T
MBS, BB . MOBEIE/NHLES, X
SRR A P B R E,  HE AR B b ST b
BRGNS B ERASH, T 0 A AR
T REFRE S ARERL . DR b B O P 25 55 FE 1)
VEMN o FRACLIIRI 9T M 4 AR AR AE T2 T S
(M. leucogaster) , T3 X HEAE s 1 e W % I &
AT D5 VA 3 B DA T AR TR S bR, T
FAEY R B T FE H7 (Singh et al. 2018). 7
Ab, MBI att, BRI TR L, X R Bk
RF e 7 HE TR AT IE 8 75 X,
& B 7E Y R B s B 2 Wk B L E (Green
1986) . R E 45° LA 1 {BESE AN B AR Ak
BRITE S, I RELE I8 B I PO R .
B AT RV S E R SRR
PIX I B AR Sh (1K Bl RS .
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