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Abstract: Human activities and climate change critically influence species survival and distribution. Understanding the
spatial patterns of suitable habitats and accurately assessing habitat suitability are fundamental for effective species
conservation. The Siberian Musk Deer ( Moschus moschiferus) ,heavily hunted for medicinal use and further threatened by
intensified human activities and climate change ,faces severe survival risks. This study integrated the latest human activity
and climate data with 189 Musk Deer occurrence records using the MaxEnt species distribution model to evaluate threat
factors, identify suitable habitats ,and project future distribution trends. Key findings include: ( 1) Protected area coverage

(PA) ,and GDP showed the highest relative contributions, with relative contributions of 53.8% and 23.7% respectively.
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The negative effect of GDP indicates that Musk Deer prefer areas with low population density (PD ) and minimal human
disturbance. (2) Temperature seasonality ( Bio4,29.0% ) , elevation (DEM,24.1%) , and NDVI(19.2% ) were predominant
natural drivers,exhibiting bell-shaped relationships with Musk Deer distribution. The suitability of habitats for Musk Deer
was positively correlated with vegetation cover. Optimal suitability occurred at NDVI>0.6, elevation near 1,000 m, mean
diurnal temperature range ( Bio2) of 10—12 °C, and temperature seasonality ( Bio4) of 1 200—1 400. (3) Current high-
suitability habitats(1.53%10° km®) are primarily distributed in Hebei , Heilongjiang, Jilin, Liaoning , Inner Mongolia ,Shanxi,
Shaanxi ,and Xinjiang, with medium(2.65% 10° km”) and low suitability areas(5.96x 10’ km®) spanning broader regions.
(4) Future projections under climate change indicate habitat contraction with westward shifts. Under the low-emission
scenario( SSP1-2.6) , high-suitability areas contracted (4.58x10* km* by 2030s,6.18x10* km®> by 2050s,7.26x10* km®
by 2070s ) but expanded toward higher latitudes. The high-emission scenario ( SSP5-8.5) caused severe reductions in
high-suitability habitats , with losses of 4.41x10* km®>(2030s) ,12.38x10* km*(2050s) , and 13.38x10* km*(2070s) ,
particularly in Northeast China. Given that vegetation cover, protected area extent,temperature,and precipitation remain
key factors affecting the current and future suitable distribution of Musk Deer, this study deems ongoing efforts in forest
conservation and national park development, along with promoting energy-saved and emission-reduction, as crucial for
Musk Deer protection.

Key words : Moschus moschiferus ,MaxEnt, human activities , climate change ,species distribution
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FOMBER —B A 22 S 2. T E IR T A R A R 909 L R
T LTI I 3 22 U8 - T A5 T A B R 5 N 260 3h LA B R B 284k, S BOH AR SR B8 | T 85 R e i i it
U, 0GR Mt % 23 A1 DX TR AR SR /D | 3 1™ B R WA RS S 5 A DX S AR BRI A 2 ]
PRI AR S L, B8 5 B, 6 S B R Fry o8,

A S B A B A A T AR R R Y DG BT BT 8 A A S5 B A S R R AR S R AE N AT
SO A Bl B VA T AR S 0 S B AR S AT — S X P X Bl A A R AT 3
M, U 0 Sh PR RE S A B DG 2 A R ARSI AR BT R BB AE St AR Sl Y B s
EMEHEAT RO EE VA A A 5T 1A TR, B b 02238 T i ] 2 R RS DEAG B AR b B4 5 1
RS [ S A, I B R B T A 24 ) A F B SR e SR K AR A (maximum entropy model
MaxEnt) LUH g 1 TR B AL E ARP) R o0 A i S PR E0H O D 3, oA A8 358 21 01 A T )
BT AP,

YR T AN [v] b, DX B 194 £ B 75 SR A PR A ) B S AT SR i = 35 R A T ) 43 A, IGAb Bl E A< f
AR, JEJBS 14 A BRI FE T RE s R AR AR AL ST S A ) W AR SN 2 R AR SE R AR A MaxEnt
RN, oF Jir B F) A 35 38 7 PR HEA T DAY, SR RE S 0 JEURR 1) PP T AR SR AR A A Hl LSBT RO AL A AT % A
Bl T A R DR P it LABA DRX — 32 B i 0 A A7 R AT
1 Witk
1.1 HHRIHRE

DB 53 A7 50 1) 3R . 8 1o e AR ) Z2 R {5 EHLIY ( Global Biodiversity Information Facility , GBIF,
www. gbif.org) T #4310 fUA7, A6 AR OC SCHR AT 138, A it 5t R D4 Ik B A ) il 20 € 44 5%
(IUCN Red List of Threatened Species, https://www. iucnredlist. org/ ) 15 2| 7375 X 3, = % h [# 4 W) i
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Fig.1 Distribution of Moschus moschiferus
TR ERIR T E 5 R B AL RS- & (KM K52 GS(2024) 0650, 8 I LA .

PR IR - 1 35 HOFN 28 95 AR 48 4 ) 4 Hb BT 95 BCE (b B 22 0 0 b R RO IR A
(CNLUCC) ) ') g b B 585 43 b bRt Rty A e B R b AN A A it 239308 1 k. ARAEA G
T, S AR A5 A 8 R 2400 5 M S A e b Py 16 % T FE AR Y. DRtk AR5 R B
T 25 MHAF A 19 MY ER T (Biol -Biol9) JH—ALHI#E 84X ( normalized difference vegetation index,
NDVI) K= FE AR A ((digital elevation model , DEM ) £ 4% . 5 18 % 5 25 (distance to road) 4= [E A 11 %5 Jif
(population density , PD) 2 [E 47X 534f ( protection area, PA) FI[E P4 7= K {H (gross domestic product, GDP)
Kot Horp ) SApEdE R VR T WorldClim 3 (http ://www.worldelim.org/ ) , 73HER A 2.5 min ; IH—{LAE#HE
F(NDVI) K H FECFHERTFFF 5 (https :// open.geovisearth.com/ service/ resource ) , 77 #HE% 4 30 m; DEM %%
P B BAEE R A A (PD) (A E AR X 70 A (PA) FTE Y AR ™ SUE (GDP) R IR B IR IR R
BAA M5 R S (https ://www.resdc.cn/Default.aspx ) , 73 HER04 30 m.

A AEERE (2020-2040 52040-2060 ;2060-2080) - 3K H T WorldClim R | 358 FH 26 75 Uk [ bR A S 4
b1 ( Coupled Model Intercomparison Project Phase 6, CMIP6) Jb 5 A fig v U i 45 43 SR S i R G pt
L (BCC-CSM2-MR) F 2.5 min Z3#ERAEHE. CMIP6 i 1 7 Pt &2 5 1542 (shared socioeconomic
pathways , SSPs) , f14% SSP1-1.9 SSP1-2.6 ,SSP2-4.5 SSP3-7.0.SSP4-3.4 SSP4-6.0 F1 SSP5-8.5. Afiff
FERERIICTE T SSP1-2.6 (AN FRARAR S5t 55 ) 1 SSPS5—8.5 (10 i i S ik i 175 5% ) iR ).

1.2 FImEFriHE

MaxEnt £ (1) MERAPE RIS I M 32 BR5E DX - Kl i 5 e, P05 DR - ) A s By R 2k | 25 e 3
3 FERLS OB AL AN MR, DR ASBIFTORE B AR R R0 TR R 143 5l #E 4T Pearson AHOC 3T, 14
TG AR P (B A AH D R B () FE RS, 24 1 r1>0.8 B, R B TR AE = BE A OG 1 (2 = 0.64) . Ryl A
Z F LN R BB TR 25, AR E |71 >0.8 MR IR 76 e 2200 A b 7 LA Z W, JF 5B 1 otk
B 0 BT, DA TS AR (i 57 Mk S AR R R i b O IR R R T 6 AN ARE R 5 A A T
T Arcgis TR IREE R 7B Z AR R G — A WGS1984 , F45 HAL L R ASC T LLEFE MaxEnt 1 {# FH.
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1.3 REMERITMH

ARG MaxEnt 3.4.4(htips ://www.cs.princeton. edu/wschapire/ Maxent/ ) 43 M7 5B 09 A= 5538 B, 8
PR oA N R 0 6 A HARIA .5 S A THER 73 A MaxEnt3.4.4, 35 & AL 73 He o 25%,
R SR B 10000, i A% XCIE SN Logistic , /) 326 i 5 ) 1y 1 £ 7750 12 46 30 B4 58 A8 s R BEAIL b 1 ik
T AR E T B E AT 10 WK A 2455 (Bootstrap ) FAZ BOFHIE . i JTHI32: (Jackknife ) K5
SINTIREE R ) BB | IR 2R TAERAE 28 (receiver operating characteristic curve , ROC) [f 1 ( area
under curve, AUC) PR AOAE B 13, BRU(EE LR 0.5~ 1.0, AUC R =7 , R R F) 997 00 o 28 R 1X 4 R g
SR, A By IER BRI B oA SO0 PP PRI : AUC {8 0.5~0.6, KR 0;0.6~ 0.7, it RER 2 ;0.7 ~ 0.8, —
f;0.8~0.9,41;0.9~ 1.0, UMM REAE R 472 76 SRR AZETHR RF F VS A0S O B M A Y R 0~ 1,3
BEP A AR SRR 3 DU R SIS H (0.6~ 1.0) AR (0.4~0.6) RIS H” (0.2~0.4) Fl“ ik
H”(0~0.2). AHFFIEFIH] MaxEnt 3B SN 5 (SSP1-2.6,SSP5-8.5) T 4347 XH#EA T T LU RN Tl
UL 1B S ) S P o 8 0 o RS 1 /A 5 11 e | e N

2 g5
21 AHEEMEBERESHHEM

*ﬁﬂ i *3%5 E . ROC % é)% )Lglz ,b’l\ é'i:':% LN , AUC Average sensitivity vs. 1-Specificity
o . R . for Moschus moschiferus
{E0 0.876, bR ifEZ K 0.011 (& 2) , ik 75 K, 1.0
NP S BRI S A e R UNER R i g 83
AWFFEAH ] Jackknife JI Y087 (8 3) , 45 § o7
BR(ER D) EANNHEFZm o R X (PA) ggg
TR e 7 (53.8%) , [ N AE 7 BUE (GDP) Hik = 04
(23.7%) , N VBERE (D)) FIEIE s 1O BE 7S Tk 2 £ o3
5 11.2% , BB PA Fl GDP BISEMIE R B3, —% 2 3 o
THOTRRARINE] 77.5% , PD F1HE I 8% 5 25 1) 52 ey AF 0T 0.0
= 0 0.1 0203040506 0.70809 1.0
Ei{EE 1-Specificity (Fractional predicted area)
P I 7 R 0, NI 4% R [ PN A R E X TR W Mean (AUC=0.876) M Mean +/ one stddev
BT S AT I L B R ARG £ 9 W Random prediction
I T 185 D 7 A2 B 3 5 B2 MaxEnt B ROC #E5
ﬁ *H %ﬁ% Fig. 2 ROC curve of MaxEnt model
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Fig. 3 The knife-cut method examines the importance of anthropogenic factors
F1 BEEANERTFHRBHEMBEREEE
Table 1 The percent contribution and permutation importance of the key anthropogenic factors
At AR BT/ % EAR R At AR TTRRER/ % EAR R
PA 53.8 51.7 PD 11.2 13.4
GDP 23.7 19.5 Road 11.2 15.3
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Fig.4 The distribution of Moschus moschiferus under the influence of key anthropogenic factors
R BRI T B R IR B AR & (KB |, #E5 R GS(2024) 0650, ik B L& L.

2.2 SEMWEBES RN

R FHMORG B . 5845 5 ROC 4k om (K 5) ,AUC {809 0.965 , 45 KT 0.9, 267 7 I 25 L 35 24
75 KRR 1.0

SRR 1 DEM NDVI 0B B35 TTREN I o4
29.0% \24.1%F1 19.2% , RITTTRR R IE 72.3% (3£ 2) ; it H B 0.7

KRR A R 0 11.6% 1 10.4%; FAJREE 2 0
2% ORI (5.7% ). Jackknife TJUIRESS R BR, Biod £ o
BRI ARZOIRBIR R | i NDVI R LR B i A 538 & X 02
%2 BEEARTORMENEREEY 0o
Table 2 The percent contribution and permutation importance of 0 01020304 0506070809 1.0
the natural factors RIS

B Mean (AUC=0.965) B Mean +/- one stddev
B Random prediction

Aph MXI SRR/ % EIREEINE || Rk X TECR % EIE R

Bio4 29.0 46.5 Biol3 11.6 8.5 .
DEM 24.1 20.4 Biol4 10.4 6.2 Bl5 MaxEnt 51314 ROC H%
NDVI 19.2 175 Bio2 57 0.9 Fig. 5 ROC curve of MaxEnt model
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FBABETE 1 200~1 400 B, HH AR AR B WK (>0.7) s 7ERIRH FEFT I 7E 100 ~200 mm ], 15 AL 35 5] i

K(>0.6) ; HBUMER 55 550 20 8 [ W 12 (0 il 48y BRI RY | 35T 20 BE PR I B 0~ 20 mm B, JUS 3 BARE R
R (2)0.6) ; FEEEE HI22 8 12 CH, B EIMER R K (>0.6).
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Fig. 6 The knife-cut method examines the importance of natural factors
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Fig.7 The response curve of the predicted probability to the dominant environment variable
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Fig. 8 Suitable distribution area for Moschus moschiferus
T R PR U T FE 5 B AL IR 55 - (TRHIE) A FE15 0y GS(2024) 0650, JiE I TR 5.

23 XREETHEEBMEESHMROEBEE

% 3 1, e AR A MEA A T00I0 , DB 110 35 ‘L DX T AR A A ) R B ik D, 7R 1 52 T, 2030s
2050s F1 2070s f83dE A X L4 90820 T 13.53%x10* km® . 9.43x10* km® 1 12.21x10* km®; H 3 2 X AE
2050s ZELH A (0.66% 10" km?) 5 38 A DX R/ 35 L Ry 4.58 %10 km? ~7.26x10* km?®. 75 /& 4@ 5 1 5
T B A X A R s . L HAE 2070s 45 Hh B X T AR 0 2 45.83%10% km® [ 22.70% 10% km® FlI
13.38x10* km®.

#3 FRSHEES TEEREERER(x10* km?)

Table 3 Area of different levels of suitable regions under different climate scenarios( x10* km?)

it iR IX o A X i A X
SSP1-2.6-2030s 46.22(-13.53) 28.66(-0.66) 10.47(-4.58)
SSP1-2.6-2050s 50.32(-9.44) 20.52(-8.79) 8.86(-6.18)
SSP1-2.6-2070s 47.55(-12.21) 21.06(-8.26) 7.78(-17.26)
SSP5-8.5-2030s 45.99(-13.77) 23.40(-5.91) 10.63(-4.41)
SSP5-8.5-2050s 35.73(-24.03) 12.82(~-16.50) 2.66(-12.38)
SSP5-8.5-2070s 13.93(-45.83) 6.61(-22.70) 1.67(-13.38)

FIH Arcgis10.8 XF MaxEnt #4825 S 617 8 4328 159 21 R B A R R S RO AS R G 0 T 38 A2 DX i
Fim AR (R 4) , I Aremap 221 ORI (K 9) FPZEEI (K 10).
R4 KFRKETEBHEMETR

Table 4 Expansion area of Moschus moschiferus population in future climate

BN 5 Wi A (% 10* km? ) PRI x10* km?) RASTET AL (x10* km?)
SSP1-2.6-2030s 21.56 31.91 62.27
SSP1-2.6-2050s 30.60 31.09 53.22
SSP1-2.6-2070s 38.72 26.32 45.14
SSP5-8.5-2030s 38.21 20.29 46.05
SSP5-8.5-2050s 49.61 24.30 34.65
SSP5-8.5-2070s 73.83 15.57 10.00
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Fig. 9 Centroid shift map of suitable habitats for Moschus moschiferus
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Fig. 10 Potential distribution of Moschus moschiferus in China under future climate
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SRR R AR AR ST, 10 YIRS R 3] 5 ) FE I A S 38 15 55 (SSP1-2.6) T, Fifi & 1] [i]
B HESE | WACHR T AR 38 K, (ELLE 2030 44T 2050 4RA0H SR AR K. FEBLIE =, SRR AR R T 17 15
S XS ,2030s M 2050s I, 75 H i M H S H A AL (NS ARACER (5 B e VL ag Ak ) RmaEl (5
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