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Abstract: Wilderness, as a nature-dominated ecosystem, provides a wide range of ecosystem services to both the natural
environment and human society. However, as human activities increasingly threaten wilderness areas, the global extent of
wilderness is shrinking at an alarming rate, severely endangering biodiversity conservation, ecosystem integrity, and

sustainability. Due to a lack of necessary connectivity, species migration and gene flow are hindered, making it difficult for
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wilderness areas to maintain corresponding ecological processes and functions. In this study, we integrate Boolean methods
and the MaxEnt model to simulate the degree of wilderness in the Western Sichuan Plateau. From the perspective of
ecological security patterns, identifies key areas that impede species migration and dispersal. Combining the Marxan model
for systematic conservation planning, it delineates, for the first time, the priority protection levels and key ecological
conservation areas of wilderness in the Western Sichuan Plateau. The results show: (1) A total of 164 wilderness ecological
sources were identified, primarily distributed in the northern, central, and western regions with higher naturalness. The
overall spatial distribution is fragmented, exhibiting clear signs of fragmentation and vulnerability to external disturbances
and environmental changes. (2) A total of 429 ecological corridors were extracted, spanning 9387.51 km. The central
region has a dense corridor network, while the eastern, western, and northwestern parts of the study area have sparse
corridors with limited energy flow. Considering both corridor construction costs and ecological benefits, the final ecological
corridor area was determined to be approximately 51776.75 km’. Areas with better habitat quality serve as the core regions
of ecological corridors in the Western Sichuan Plateau, facilitating species habitation and migration. Due to human
production and development activities, the identified ecological pinch points and barriers exhibit relatively high resistance
values, hindering species migration and dispersal. Therefore, it is necessary to strengthen green infrastructure construction
along major transportation routes. (3) The priority conservation areas for wilderness in the Western Sichuan Plateau are
concentrated in regions such as Ruoergai County, Hongyuan County, and Aba County, covering an area of approximately
37.99%10" km®. Among these, the primary priority conservation area spans 22.89x10" km®, accounting for 9.84% of the
total area of the Western Sichuan Plateau. Secondary and tertiary priority conservation areas are mostly distributed adjacent
to primary priority areas, covering 3.16x10° km® and 11.94x10" km®, respectively. The findings provide scientific support

for further improving the ecological conservation system of the Western Sichuan Plateau.

Key Words: wilderness; priority conservation areas; MaxEnt model; Marxan model; landscape connectivity; circuit

theory; Western Sichuan Plateau
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Fig.1 Location map of the research area
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(Normalized Difference Vegetation Index, NDVI) 1 %] 2% /4 7= J7 ( Net Primary Productivity, NPP)  Z& (&
( Evapotranspiration, ET) | [E N4 7= BE ( Gross domestic product, GDP) Fll H SR X 55 (£ 1) . Hf <
T FEKEHE \GDP R R 28 A 35 R FH 5 B 4 12 470 0 o AR 5l Vi R T B 5 | IR SRR L 1 4R
PRAP X 5T Bl 0 XU 44 ik DR 28 S Ot Bl . AH OGBS AR IR SR A0 (5 B W3R 1, A SO A idie 2 H R
B 500mx500m 7R MBS %0 WGS_1984_UTM_Zone 47N,

F 1 BHEKRIE

Table 1 Data sources
Data type Data sources Resolution
A A 2SRV Land use type data rp E Rl B PR IR BT R 2E EE o0 (hitps : // www.resde.en/) 30m
B P FROY Digital elevation model fi ] % i 25 K JR) ( hitps ://earthexplorer. usgs. gov/) $2 f£ 9 SRTM V4.1 00m
ﬁ;}ﬁfﬁfiﬁm egetation index GEE V-4 (https ; // earthengine. google.com/ ) $24 1) MOD13Q1.061 7= 250m
Y4194 4 7= F3 Net primary productivity GEE £ (htips ; // earthengine. google.com/ ) $2 {1 MOD17A3HGF V6.1 77 & 500m
ZEHL & Evapotranspiration GEE % (https : // earthengine. google.com/ ) $& L) MOD16A2.061 7= 500m
E:ﬁwiﬁiﬁ precipitation data R ER TR BRI F 6 (hup:// data. cma.cn) -
FHER TR Soil type data f};g (@;@?D]))Zﬂﬂkzﬂéﬂ( https :// gaez. fao. org/ pages/hwsd ) $E 3L ) tH 5t 1= e % Lkm
BB KT Y HdE Nighttime light data = b3k R G2 R 0 (http < // www. geodata.cn/) 500m
GDP F A H 4 GDP and population data CPUNMGETHARLEY (BTN GETTHAE %) CHAON SR —
AT FIE B River and road data Open Street Map -5 (https ://www.openstreetmap.org ) —
i RSB Settlement data E RS 115 (http ://www.stats.gov.cn) —
H SRR X EE Nature reserve data VYR A SRR X U114 A SRR X 44 5% —

SN RS RS 6

Geopark and scenic area data

GDP . B N 4E 7= B Gross domestic product;GEE;@%\'iﬂﬂ%%l% Google earth engine

[ Z AR AN B R (hitp - // www. forestry. gov.cn ) —
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M AKE . O MER SR FE R B TR B 0 i AR EE e e Ui R 1 DL R e g N 2V Bl AR AL
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MCR ; /N BEH A Minimum cumulative resistance

BIAE 8 AN R F1E N MaxEnt BB IREE AR i AR BHALIE£E 75% 1 50 A0 AU A RS, 25% HF D1
£ R RGE IR E S 10000 YK, 38 3 F 287 ( Bootstrap ) B 10 UK, B4 P4 & R TR BP AR B, 2l
TAEEFIEHRZE (ROC) (19 AUC {EF TR B . AUC {8 808, BSOR B, AUC {H/N T 0.6 Fon T
P ,0.6—0.7 Fem U322 ,0.7—0.8 RARFOERIEH ,0.8—0.9 FRARFTEREALS, KT 0.9 BRI
Gt ELRGEEE AR B AR WL 2,

R2 TFREMIRAENR

Table 2 Indicators for wilderness identification

e FeR U= L AVETBUN
Factor Indicator attribute Selected indicator/ description

THI A% IR B AR 5 N MR AT 3 B M OG04 AR THI (9 4 R 4 % Gbn
PE R - ) HELS) D THI/NT 40 KT 80 AY X Il 43 Fie B X 480
Determining factor . THI=7-0.55%(1-f) (T-58)
Kop T IR YRR (EREE) f HEP MR (%) o
S HIFBFEIT KR b R 56 R W1 oK) K A B Sl 43 5 T

IR BRI R EIX
W% S ) R
Influencing factor NPP
DEM
s B
K B I
it GDP
KA BB
B

THI; i - 84X Temperature-Humidity Index; NPP . i+4J4% 42 7= /1 Net Primary Productivity ; DEM ; $0F 5 P25 #! Digital elevation model

2.1.2 S PRV
TERE AL AR B rh I i B b 32 3 M X 4R AN AR B R G e g 2o E Y | BoE @ v 2
HEYIRI I O AR P A W 2 AR RN G R AR S B A 0 B R 2 P ] B % i 1 48 24 ( Probability of
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Connectivity, PC) 1l i3 38 AN 5 22 8] A LB AL R, P4 5EU0 A 0 o BE 19 B A 8 e i v 3144
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Fo/N EFRBH 1A% ( Minimum Cumulative Resistance, MCR) B AR 2R IEA S S BET Y R S55e
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Table 3 Assignment and weight table of resistance factors in Western Sichuan Plateau

B ey 't S P e ey L7 B
Resistance factor Category/level Resistance Weight Resistance factor Category/level Resistance Weight
coefficient coefficient
TR I RiBKii 1000 0.2686 B K S /m 0—500 1 0.0600
Land use type AR 100 Distance to water 500—1000 100
kL 500 body 1000—2000 200
st 1 2000—3000 300
K 10 >3000 500
Vi b 10 PRIE BT S/ m 0—500 800 0.0500
HEAR 1 Distance to road 500—1000 500
b 50 1000—1500 300
S 500 1500—2000 100
NDVI 0—0.2 800 0.1681 >2000 1
0.2—04 500 BT B AL S /m 0—1000 1000 0.0678
0.4—0.6 300 Distance to 1000—2000 500
0.6—0.8 100 seltlement 2000—3000 200
0.8—1 1 3000—4000 100
DEM 783—2500 1 0.1231 >4000 1
2500—3500 100 TVDI 0—0.2 1 0.0993
3500—4000 200 0.2—0.4 200
4000—4500 300 0.4—0.6 300
4500—6511 500 0.6—0.8 500
B/ (°) 0—5 1 0.1632 0.8—1 1000
Slope 5—15 100
1525 200
2535 500
>35 1000

NDVI; JA— A8 55X Normalized difference vegetation index; TVDI i BEHE % T 545 4L Temperature vegetation dryness index

2.3 RSl X
2.3.1  FET Marxan G AT B X

RGARI RSN ALY Marxan F) FH B M4 RN S AR K 3L (Simulate Anneal Arithmetic, SAA) FF AR
PRAEIX P as AL SEAR LT

Te =Y Cost + 3, SPF x Penalty + BLM 3, Boundary

K1, Te g BRI A ; Cost R B HIAS DR A7 AR ; SPE g bR SR 38 B OR9P H AR I 7T ; Penalty S &
AHGBIM il FA T A T s Boundary 2% 13 FHAR B Y AL
ARBIFEIET Marxan R BEPE A LB HE R0 AR5 TR (BB oE K IR DI R A 2 R 6 4>
BT E PG e S S U e DR AP DX ARG BIF 5 IXORUBE o4 T 7t Y0 BT 38 #1000 % 1000m [ 4%, K 73
27378 DRI HTT . AR IS SR A AT SEE , 75 5 PRULE YR A5 N1 ( Species Penalty Factor, SPF) 553/
FLK BB IEAS (Boundary Length Modifier, BLM) ™" . S 45 51 H AR #RAT 2GR, AT 504 AL 1A
B ARG THE A T HUBE A, 0 SPF O 4.2, FEad i 70 8 A [R) 1 57 T B9 BLM BUE, 158 R4
FAIGEE 100 YIEACRI AR RIS 21 B Se DUV o 198 s IR BF s A0 Se PR3P X R ek dle (R 4)
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Table 4 Assessment methods for conservation costs and conservation targets

(S aESY] LAY PEALRRL J5 ik
Conservation type Indicator Evaluation model/method
PRAP A T ARSCHEIOGRLTPREE L) SROLTE & SR BN MEN B HE R N D AT S A
Conservation cost " Febm e ) P4 e SIS0 Bl i B
EWITT targets A InVEST F8 Habitat Quality FHe , 25 ARG BF SR %) g iz
kfi InVEST #E#I ) Carbon Storage Sequestration FR | S HUHR Hi A S 55 Wg 2R [67—69] ity 7
TKUFR KA R 70
K AR Fr B TF 8 FH 7K i 25 J7 7 RUSLEL™
EXY/E 255 €3 R IR 5 il 11 A

RUSLE . f& 1F 38 JH 7K 17/ % 77 % Revised universal soil loss equation

2.3.2  FETHUB S PUN SCHETY 5

HL S R B AL T — ol A 2 A A R AR N LB AT I B kY L TR —HESR TR KA LB LR
IR A5 B i SO > A 2 ST AR DO o R0 P 1) 0 80 3 R o LA A0 A 25
IR 28 gl . AR .

v

"R
A T V O R R DN L BH, R W) Rh I i I AR A X

Az 35 R TR I PR AL DR Bl (0 R 0 X, SR AR A AR S R GRS E MR B I A i X — HLR
PRTRAT R 0 R M) e St =2 ) 4 P 0 2 A AP B F S 47 AR SO L R A AR S
ML AE AR AL B B /N AR #6428 , SR PinchPoint Mapper TEU By “all o one” BEFIE LT BAH T A, B iR
SR A 253 A5 A SR DV e U B b A S A A B DX, A 2 R A o 2 4 PR ) A4 1 e A B St Bk ke 22 ) 1 A%
(X3, T R R 2 i A A B A ok T AR TR S X B [ T RS 1R RS Bl Barrier Mapper T
B P B RS ECN 1000m B TRU0 0 A 2B s AR S O SE  ( J A X

3 ERAM

1

3.1 TR AR SRS (R4

FIH MaxEnt A58 56F 1] PG 5 Jir 5 BF A0 A BE A 7 F () 45 R 32 B, Il 25 AUC {0 0.806 , BERIERE R 4T, H4
S B AR R 30 i FE AL (0.6—1) = B 1K (0.4—0.6) PSR EF AL (0.2—0.4 ) R 2 B7 4k (0—
0.2) PUANZEgR 71 ([ 3) , Horp S BGRETAL L KT 0.6 110 DX I A )1 06 g e e e A 2508 122 P A IX I
L2 39161.12km*, A A AR T2 HF AR 205 A9 58 B M A A 253 B0 P | SR dPC 43 #7454 i B L BB 1)
SOULE I8 F B | S IOk UL 30 M A 25 R PR B i 2 Y 164 e B M AR SR (181 3) , ST AR 2 38577.
38km?, (511 VY =y SR B TR 16.58% M ZS Ik SR &, 1V i B v BT b A 2SR b o A Ao 2R, R By
B[ i1 S I e 0 R S I e G D T R (T A N 8= M 2 = BT P S = ey e S SN T AL Bk B e
AR, DL R [ SRR AR AT AR 2 th AR R K S, Z NIRRT,
3.2 Sl AR e R
321 AWM

A 2, %F L HuUR FH2E A NDVI DEM 3B I /K Sel 3 03 i I g R R B B R TVDI 45 8 NP
FIPRF-HEAT AR FIAL 3R A4 )1 PG e Jt i 26 25 BE T T (P 4) o )1 e s D BEL g T ) ~F- 2 A= S BH D B 178.
86, HAT B 1S Al S itk (11 4) v BH D8 DX 388 3 2 A7 AR AF 9 DX PG 30 RN AR pig 8 b X, S ife ARG Bl R 46
DX, 8% g A HLN I 4 JRE AR A BEL T 1 IX 8 2 B A A A e 7 i B R B 4 L FL AR 2 N R TR D FAE 28
FRYANIRRE ML DX, AR TR I ZR AL AL S B Xk, SRR W5 X B 0y e K = 2 i A 2R A
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Fig.3 Wilderness degradation in the Western Sichuan Plateau and spatial distribution of wilderness ecological sources
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Table 5 Ecological land types under different cumulative resistance values

B iDL A/ km? AR A A km? A A B IE km?
Cumulative resistance value Ecological land Non—ecological land Ecological corridor
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200000 51616.25 160.50 51776.75
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Fig.5 Changes in the spatial range of ecological corridors under different cumulative resistance values
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Fig.6 Ecological ccorridors for species flow in wilderness ecological sources of the Western Sichuan Plateau and spatial distribution of
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Fig.7 Spatial distribution of ecological pinch points and ecological barriers for species movement in wilderness areas
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Table 6 Changes in the area and proportion of priority conservation areas within existing nature reserves before and after the construction of

the ecological security pattern

1 AR X A Marxan Marxan U ESP
Nature reserve level B Area/km® 5 Proportion/% A Area/km® % Ht Proportion/%
FH A SRS X National nature reserve 5127.80 51.23 5946.22 47.64
BRI Provincial nature reserve 1727.43 17.26 2063.78 16.54
T A SRA~ DX Prefectural-level nature reserve 1195.38 11.94 1350.90 10.82
B2 AR X County-level nature reserve 1959.15 19.57 3119.51 25.00

ESP . A= &% 2% 7 Ecological security pattern
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Fig.11 The ecological security pattern of wilderness areas on the Western Sichuan Plateau and the spatial distribution of nature reserves
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