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Abstract; The urban ecological security pattern is a vital spatial framework for maintaining ecosystem health and achieving
sustainable development. Using Guiyang, a vulnerable mountainous city, as a case study, this research integrated multiple
methods, including the remote sensing ecological index ( RSEI), habitat quality assessment, ecological importance
evaluation, morphological spatial pattern analysis (MSPA ), and data on ecological protection zones and natural protected
areas, to identify ecological sources. The minimum cumulative resistance (MCR) model and circuit theory were utilized to
construct the ecological security pattern. The findings are as follows: 1) A total of 33 ecological sources were identified in
Guiyang, covering 2,448.20 km” | primarily located in the northern region, including 16 primary and 17 secondary sources

2) 84 ecological corridors were delineated, comprising 30 primary corridors, 50 secondary corridors, and 4 potential
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corridors, forming a spatial distribution along the central longitudinal axis; 3) Key ecological pinch points (52) , barriers
(57), and fracture points (53) were identified, emphasizing critical areas for ecological protection and restoration; 4) A
“one axis, two belts, and multiple nodes” ecological security framework was developed, providing a scientific foundation
for optimizing Guiyang's ecological space and guiding ecological restoration. This study offers valuable insights for the

optimization of ecological security patterns in mountainous cities.

Key Words: ecological security patterns; ecological network; ecological source; ecological corridor; resistance surface;

Guiyang City
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Fig.2 Spatial distribution of ecological sources
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R3 ASRMSVEREEL

Table 3 Landscape connectivity index of the ecological sources

BEL 5 dPC BiE e R BEHL5 4PC B R BEHL5 IPC BEPL AR
Patch number Patch area/km?|| Patch number Patch area/km?|| Patch number Patch area/km?
1 0.05 32.84 12 0.38 6.37 23 3.69 42.50
2 0.24 73.36 13 3.44 34.34 24 0.006 11.17
3 0.01 12.22 14 0.002 7.02 25 0.51 7.07
4 0.02 19.46 15 0.002 6.00 26 42.65 624.71
5 0.02 18.42 16 0.70 9.71 27 0.01 14.19
6 0.02 12.22 17 0.01 17.49 28 7.84 90.75
7 13.24 148.23 18 5.57 63.96 29 1.77 19.72
8 50.17 721.51 19 1.26 15.56 30 0.03 24.29
9 0.06 35.35 20 9.45 66.13 31 21.20 248.95
10 0.002 6.16 21 0.68 7.22 32 0.001 4.77
11 2.66 30.62 22 0.73 8.42 33 0.01 9.23
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Fig.3 Spatial characteristics of resistance factors and comprehensive ecological resistance
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Fig.6 Spatial distribution of ecological barrier points

DX [ SR PR Rt e 225 R R B T AR AR 2SR JRRIE e s | 0 5 RN 22 U A AL | 255 (Bt B T [

s ] AR (2021—2035 4F) ) (5t BH 522 22 I T R A JRe ML) A 5 R = - 0 7 Btk e e AL
Ty A —h P AN B ST SR G A L e R (I T) o

xRN

o AEZSKER

¢ ek
—— IR
— —JRE
— CHRRE
B AR REX

A EE X

|
[0 AR

7 RETESZERE
Fig.7 Ecological security pattern of Guiyang City

http ; //www.ecologica.cn



5794 xR 45 4

“ Al BRI E SR, % X T 5P T o v e iR B R b o A RRAE T E AL KA
BRIk 8], &3k & R A% O My, 2 DX I s, N 205 35 B R, S5 WL BRE B 5 g e | A 2 A
it oatt BT ERM ., XA 67% A8 ERIE ,67% A IR, 60% M RS A, DL 87%11)
A SRS P AR VG PN A S R | 2 A 25 I 8 B 5 ) T A, T A X ek Y A S TR
Hiy A 2B A A AT AT E DR R A AR A A5 5 R S AT AR A R B 3 Y 0 R T
ST SR B " DA S R A S B | BRI AR W o R AL LT

PR SRR A E AR AZ AT o S I B B T P RIAR EB X, 1 XA A i e, AR AR R
SR 55 RERE N 58, S A A e K T AR A A A5 W5, LR b =2 8] (10376 30 M A g |t 2 A S AR 40 2 R T B o5
DX, R R AR DI, A PR R 5 T B TR S L R 1L Sl | S VA A S T | IR VT XL
B MEIX | B KU 44 e DX BH A XU 42 TP X 25852 R DX 3, 2 M 37 32 800 A T g 66 L0 Bk K 7 /K Tl 7k R —
W B 55 1 FAE T S LR T | 3 AR A B S T | e VTR e 5 AR 2 2 T AR AR
ST SO DI RGBS XA 7 B BH T i R A v 9 AR ) A LR S DX RIAZ O Y T
JURE VA LA ARG, SR LU | Fr B AR R R GRS X AN AR SR L N AR S LT X
I, R e AR b B X P A 2SR Y 3 S R e B

“ L0 RARBE T —Hh BT LIAN , B WO TR KR AR SR X, St BT R A S
AP A BRSO R B A — AR SIS XIS E T 21.56 km® (2RISR LT 264 R ™
RSO I, S5 R BS) 2 1 2 LU RG24 I X 1 S S 1 — 7, R AR SR b R R AL X
B, ARACIRTE A MAZ F AR X B AT AR el T B PG i 3 A A (R 4 i B 5 A 0 o e PP A A R
AR, I XI5 e A A IR M PR B e, A A R, S5 O TR AN A2 AN 289E Sl A R (R AL AR B
[T, YR 2L B SRR R BRI S A S R X

e A GAK SR T AC AR B 2 VR S WS (AT 55 4, 3R i A 745 2R 90 1 S (AP A 3 3 P | SR B AE T e A b ol 42
i X3 A A AR A 2 U SR SRR A e L DX B AR B AR A e R AR SR L K, B
P I8 P 52 DX B B T ) A 2 e i SR O A8 R R A DX, A A e AR A S i i LA RRR I AR S 2 R
SC, PRI RT DATE A 25 I 48 R0 A Rt b 0 2B 2 JSORIRE RS DA B PR 1 A i B DX A R A S SR 1) G
D3k, T DA v A A U Ml ) M ARR AR S M , HUIE S E A SBE SR
S

4 e

4.1 ZEEAIIEHLE AU E

Sz XTI Z ORIk T (% 4) , & B EBEE PR S T e 322N MSPA 5 5E 0054 8
PEFE AT s B A S R GRS B X, s\ A S F BN | SoULE M Fn A A5 75 SR M A ff b A7 4R
B — iR B Z BT SRS R VA S5 R A B B AN . T RSED F8 82k A 408 R #E
K BEFE b, a4 3 4343 i g e R AN B = O (] AT, O ELAT 50 A & A, 55 InVEST A5 R U5 b 40 Hr AL il
KA AR AN T IR MR B RS v O I ARG A S D 4 G B S AR S R L 4
FARFN TR R SEE BT, ATETOR A SR 2048 | A SR B4 1 S5 BUR 29 SR0ME Xl A A 25 05
MoK GEE V- /B 315E RSEL 4528 | InVEST AR AR 55 it MSPA 158 H IO BESURDBUE A v 19 AR 25 A
PR B R R AR AR A S T A N AESEE R X SRS AR E XSS, 2
BRI L AN, 8 MR T 2 00 0 B — P (1 [ R, O G v 00 A S U M A e AR A R, B AT
FIERRTE AT S FYE  BRICDIAE, SHEE PSR R A 5T H il i i AR 2 B 2, ke A SRR A
AT S NBERT SR B, — RN AR D R A 25 Tl I =2 v, SR TR] X 8k 1 A 25 AR 40 5 08 01 SR s
AL T HE SRR,

http ; //www.ecologica.cn



12 14 RS A5 TR 255 UM B0 L I T A 25 At i 2 5795

HIEWFREOIRE RIEATR T (R 4) R IARIBIFE T 54 RO AR 28 5 BOR . TR AR 25 0 45 Fy e e
AR SRR B AR SRR R AR AT R B DR R T [ AR S T 45 R H A8 A SR T R 0 2
R BE , AR A 25 e sR 0 AR AR 25 bR, i A 2 R i AR S BRIy 37 4% K2y 1658.14
km, AEZS YA 16 A JEAF I A TN AT ECX A S IR IE S 105 2% ATBUIX AT AUR T 63 AN, AW E
IEZ W R Z I B LR S PUN Tk | O A 252 Ao R iy sl B (HORS HE AY DR L B At JF RS MCR AR B BEE
T AT H ARG MR T A AR S A [R] 43 A AR, LS T Ay 3 400 R 4 1T 174 A 25 R 1 RN B RUE R L
QA A PR T AU AR S AR A A R AN AEGE I LU 0 A A W RS R e o AT
B A A 2 R 2% PSR TY , O0 JA SN LR B R MR P s S s ) 5

LA AR I ZE R M Z 07 2Rl a0 A SR U0 7 125, S T AR G5 VR AE MR T Ak 45
SRAKGE 7 T R, AR T 1 AR TR UM BORS M | I A 8% T A SRR AR 2SR i S B R A G
SEER A, O IR A S L M R A Bt TR RS . BT CR BAT R4 0 B S BT IR A S B
FHAE AT H A X s A 25 PR B s T LA B 25

x4 SHEBEXHAREENEZHSIT

Table 4 Comparative analysis between this study and other related studies

Fs o EHE X 45§ (51 37 W sEs
Number  Authors Areas Time Methods Research conclusion
e S A S PR A 5393.43 km? EZS
| o] 2012 45 AR FEE RS TR 1490.34 km?, 5 BTIRUY 18.56% , 2
- > oRAIHT, N BB AR E A K A 933,58 km, H o ¢ R E K
287.6 km,
. N . 20 NEHE, BRI 9 1078.02 km?, 37 %R, K
HBRGMS R REEITA, ’ ’ v
2 Bt S 2018 4F sl ing " JEH 1658.14 km , A= 25797 2% 16 4>, FIER =4l g
AR LT 1 ’ ’
f5e/IN B BH AR A s A
TEAZ 2 RS SR A AT s M O 7B X E 2 | o i — B RR e 4043 331 R 15,21
3 A BB 0 2018 4 AT TR TR B 69 A%, HEAUIX MR B | EE R — R A 0 S
AT X ANERRBE AR AR 37113 1227 4% AFECKAEE X — 2 S A
AT SRR 29 #1125 A AR 33 AT AN,
SER RSEI-InVEST-AE 583 T A U8 33 4>, IRy 2448.20 km? , — R 16
BPE-MSPA-AE AR K- SRR AN, TR IR 17 A, LS IR 84 4%, — RS
Pl DA R T AR R A MU 3l 30 4%, TR AS G 50 4%, WRTE AR SRR E 4
4 EN T SRR 2020 4F  GEPEPEAR#EAT MR GG, A%, 2K 67371 km AT AR 52 4k THBUA 31.61

MCR 1 H [ B 38 77 i 5 31 g
T e | BRGSO BT 2 a5 i
A EE A 4

km? | AL SRS A5 57 4b, TR R 64.73 km? |, A= S W
S48 53 A HE—Hh A N 2 5 A S R A
¥,

4.2 JRFRMES Ak RS

T A ASBH 7 1 PR 2 SRR TR AT G R L S TR A | H 1T Bt A Az 25 BH 7 1w o
PIVE I A2 L, — e A B G VR ) T, A W 0 S 300 ) ol %) T b vk A R R 2R S
TR = B R AR, SR, — LRI & BB ) 21k S W b = B A vl () Vg ik B W, 38 o M 5 16
W, S8 U BRI R AR B IE A DGl 3 R 26 TR AR IR g ) 2 s L A 2o A A el
SRR ARG LT 2R SRS R AN . VU 0 SR 5 DA O VA 4 8 g BEL 7 R0 /N0 v 20 £ T R
P AN R Y A 7 L 7 (B | LR — DX 3 0 R A AR — 254 S I X IR 5 A W 2 RE R R AR G
KZ i AN, HL S 2 S A0 A AR DCEIE | D AR IR 55 8 A s A B IR 25 18, AR SE Nl T 2
SR IR RIS AW A BAROC R I — 2D I e PR A A A B A b gl R, X
IAVAT SEE  — o2z A Sy N 1 2 B SR R e 5T DARAE A S IE sl ma , (o FH & vl LAXHE 1E BH )
T A E 10 EL R AR 5T X LA /N, T B 2 TR AT D580 14 2 ] A R 4R (1 ke ), AT 52 BT R 4K
PEAFTE S HE 25 5 3K T e S 35 BH g T A 485 SR oG B2 %, DR IR FE ARSI 53 b [l a8l . R SR 5 AT 3

http ; //www.ecologica.cn



5796 JAE = 45 4

T R B BT SR 55 N 171 B R | et B T R R 7 3k 1k — AR THSE R (R L AN S

L5 b AHITFEAE A S RE ) TR v R TR IR N I B AN KT R R 1, B B TS X R AR
FIECHE BRG] o SRTT, AR W] 3 i S M i) £ AR IBCE 2R , JF 5 I A R 2 BRI 5 N 13 B |
— AR TR BORG BE S G FIE . R BFFE 0 AR T 5 BT, EAN R RO AR e A A e R, R BES &
Z R E IR S 2P, OF58 B R AR B —  AORBIFSE AR R B X A 2 et Jm i it a5 & 2 2k
SO BbR, SR THBEITEBOR SE B b 13l T L B, A S IR TR b iR R S et A 2522 s SR o g
T BT HE— A, 5 2% P28 BRE TR AR 2SS SR A P BT A TR e — 2D A28 . ASHESE N LT AR 2
LA R R RO T WP R ARG BE 7 iR R M bR 5 J5 T TS A i — 2D 4R T s 1]

5 #ig

(1) AR 33 A4, SR UL SIS 84 2%, BAMAE A e 05 52 b AR SRS 05 57 Ab AR A b 24 05
53 4k,

(2) Z Ik A AR IR 2R SR EE T T AR 2 A SR M s RS M | e R PR S 2 5

(3) ket —Hl P N2 05 A AR A SRy, Sl o BH T A= A R B 5 28 (R T A SRRl 22 AR 35

S % 3k ( References) :

[ 1] 2, B, XIRT, Rid:. KIBUESE 28 R e ik 5. IR, 2017, 36(3) . 407-419.

[ 2] XUEGTE, Wbk, ZEMm S, RINEL, ZRHEFR. 5T ERA R MCR BB 14 B P Vi 28 4t X A 25 %8 2ot Jm Pl —— DA B PR VS B Mt DX g ). v I 37
R, 2024, 44(2) ; 1053-1063.

[3] S, A, BB, 30, KRR 2R MG SERIM. 421, 2004, 24(4) ; 761-768.

[ 4] HEM, T, skeak, Hol, #oo, D, KERZ e RIEITiERE. RAHURER , 2017, 48(2) ; 1-10.

[ 5] WebHX, ffsfatt, BRabd, skRE, MUY, DL04. MRV HURAE &2 2 RPN S 00— T /N BB BB ATy ., A Ao
R, 2023, 43(17) ; 7083-7096.

[ 6] IDhisk, Zp90b, #dn, 87k, W7, T, Gedm. AN X AST 2RI, A8, 2023, 43(22) : 9500-9513.

[ 7] FMR, BEW, T8, BER, 6k, & &, il E A% e B g 51T aTsE . LR i X 6. s BRF5T, 2021, 40(9) ; 2476-2493.

[ 8] WU, &R, mi i, TR0, :AE, Ml A, & N A ST 2 R E—U KRBT 6. A 255% W, 2023, 43(19):
8153-8166.

(9] A&#, &M, METT, KRS BRTH 5k Xt K IUE &2 248 R Wi 5i—LL A IR T S 4. B8R 5 TR, 2023, 23(26):
11327-11337.

[10] /5%, B0, SN, 285, Bk, BT 2 RED MK DI AS A E S 2000k, £55R, 2023, 43(15) : 6332-6344.

(1] %%, TOHE, EWRAR, JAME, T BT 5/ BARBH D BERY 1Y) 5% BT 5t W AR 28 22 A Jry i . VLR 0 5 1 8%, 2016, 25(7) -
1052-1061.

[12]  mbgg, 40858, XIEME, Moo, REE ABZMRPTEN FENE SR, A%, 2018, 38(10) : 3382-3392.

[13] %45, S8, B, RIS, Timg, XIHF5, JERL0 , XIHEAK. HE4A SOM-MCR B [ 2L A 45 28 i JR b el —— DA DU T Pl oy
). HEZS2EAR, 2023, 43(22) : 9486-9499.

[14] WETEE, T, 3T CVOR R IR 19 1M i AR % 20PN KA Rt fk. E84R, 2021, 41(7) . 2582-2595.

[15]  JREE, o5, NG, FLEAE. BTG A0S 2 NEERE M A S MG, HATIRYMR, 2020, 35(8) : 1986-2001.

[16] LAY, FHEM, FLEAE, TS, IME, 22 20M. B35 T A BR 4 A A6 2 A 5 o SO0 R T8 S 400 104 7l e 71 11 B AR B I 4 R S Ak, AR S 2 IR,
2024, 44(8) ; 3303-3316.

(171 2, U4, XISCH:, KA, 2090, HA NI ER L & MK ERN = ShA R mME R, AR, 2023, 43(15) : 6154-6169.

(18] ZEMZE, &xWwext, skwesk, whbl, 206k, AR, ST 500 A B2 R A L S A B 07 16 LU S PR, A B 254, 2023, 43(4) .

1461-1473.

[19] Z=tARk, 259, WikE, TaEA. JET MSPA Il MCR B 5% FH T 2008—2017 4F -5 WL 8 PEiT 0 5 b 25 4540 . 2R 28240, 2022, 41(6) :
1240- 1248.

[20] JEHRE, F&EFE, B, AE. 3T IR 225 [0 R e A2 18] 35 B4 19 5% BH T A0 3ok IX A 25 W s Al 7t 2R 2524, 2022, 42(16) .
6620-6632.

http ; //www.ecologica.cn



12 14 RS A5 TR 255 UM B0 L I T A 25 At i 2 5797

[21]
[22]
[23]

[24]
[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

Him, 0, e, skak, T BT AR SRS TRE T A STRH T A ST AR R AR AT AL, 2020, 39(4) : 244-251.
Vi, BRI, HIEDE, 5. 2T MSPA 55 B3HIe i B R H T BEAE B s R . RSB, 2023, 32(4) : 805-813.
B, A, WA, VMRS, IR A VAR AR 0 L T 3l A S S EE—— DL = A T T O . AR AR, 2023, 43(17) .
7060-7071.

B 2136, FE T 0 iR S f i 5 BE T A B 5 e i A AR ST [ D). SR . SN R, 2022
LIS, TR, JREN, B, 2R, B 1991—2020 4F 5T BH T Az 25 B i i AR K
367-377.

B

[8] 43 S f A L PRBERR2E, 2025, 46(1) .

Shi F, Yang B X, Li M S. An improved framework for assessing the impact of different urban development strategies on land cover and ecological
quality changes—a case study from Nanjing Jiangbei New Area, China. Ecological Indicators, 2023, 147; 109998.

XFHH, 2HF, FEH, BNE, BT, B, PO e XA S R 5 A —— DAL BT R O ). A3 2%4k, 2023,
43(20) ; 8321-8331.

ZEAEH, FESTIR, BAR, 2k, R BETIRAS A RS IR 4B A s/ SAARBH L A 3 7 A 25 28 A s Jm by R ——LAJEL 1D 7 DRy £
SR, 2024, 44(6) ; 2284-2294.

WREE | B, BT, IR, ARAR, BRSRIH, BB, JET MSPA HTEOME EIAE AL S R4 . AR ZS2AAR, 2023, 43(2) : 603-614.
X%, AR, EHEle, IMERE, FHENE, Wi, XI&. EITH AR L 2RI S A SERE X P RE . £, 2023, 43(13)
5357-5369.

XIETEE, U, A, T EBESIE R AR L2k RiR B R difk. 32 X, 2023(1) : 42-51.

ARYRSE, TR, A 752 AR SR A B m WA 25 KBS TN —— A B 5 S i [ R 4 F SR DR DO 9. A 3554, 2023, 43(23) : 9981-9993.
Wi, AW, BOAAR, SR, B, TR TR TR A AR B L B SR 1 AR B M R —— LU N T R AL ROl R AR
2023, 45(10) ; 127-139.

TR, BA, WAL, WwOUHE, KR, XEs BT AY-IM WA SEE S5ES T RSN, AR, 2022, 42(7) .
2995-3009.

Li C, Wu Y M, Gao B P, Zheng K J, Wu Y, Wang M J. Construction of ecological security pattern of national ecological barriers for ecosystem
health maintenance. Ecological Indicators, 2023, 146 109801.

EEE, IhEMH, X BT ADZ M R L E 12 6 A S8 5 O KR 518 25k me. N AR, 2022, 33(12):
3369-3378.

McRae B H, Hall S A, Beier P, Theobald D M. Where to restore ecological connectivity? Detecting barriers and quantifying restoration benefits.
PLoS One, 2012,7(12) ; €52604.

Wang Z C, Shi Z Q, Huo J G, Zhu W B, Yan Y H, Ding N. Construction and optimization of an ecological network in Funiu mountain area based
on MSPA and MCR models, China. Land, 2023, 12(8) : 1529.

WK, XIRI, 2RI, mdRA, ML, ZRAE T BT AR ST A Ja Y [ s T A 2 1B R DG B X R 1)
FE PR, 2022, 42(6) ; 2779-2787.

P SCHk, ALY . F T AR A A RS X AR S RO A AR AR, 2023, 43(24) - 10430-10442.
GRS BT AR AN TE O M A T 1 2% X 2 RUBE 23 (BTSSR Ab—— U T T A R I [ DL R, REERA:, 2021.
WM, W, B, 2R3, MR AL A SR DR AR W) )R 2 RE PR IR AT A RS R SN TS R 2 4. FARBRE I, 2024, 42
(1):27-35.

TR, WIFT, I, B S I ASSCHAT Y S SRR R 5 R R B A, R, 2023, 31(9) . 2777-2786.

AR, RN, SREh, RRINE, EDOLR. T RO EOWE BB A S Z 2R R EE. BT, 2024, 45(10) ; 5844-5852.
ZUT, KA, IR, MR, R, BEE, 2PEREGZHEASR RN REED TR REE. ABIR, 2022, 42(5) .
1981-1992.

LA AR A ST A 1. o

http ; //www.ecologica.cn



