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Abstract: Regular assessment of conservation effectiveness plays a crucial role in conservation decision-making and
improvement of protected-area management. Landscape dynamics can directly indicate the conservation effectiveness of
protected areas. However, there is still limited research on assessing the effectiveness of landscape conservation of regional
protected-area networks by applying a multi-index evaluation approach. With 102 national and provincial-level nature

reserves in Southwest China as the study objects, this paper used the entropy weight-TOPSIS method to implement a

E£TWA : EEE S AR H (2016 YFC0502103) ; = 4 i RS AR R A Sk N5 % AA W H (202105AC160070)
s B HA.2021-10-11; % 3 H#A:2022-05-20
# WIRAER Corresponding author. E-mail ; rdwu@ ynu.edu.cn

http ://www.ecologica.cn



3 YAl 5T TOPSIS EAIPE RS B SRR XS AR 3 B A 1041

comprehensive assessment on these reserves’ landscape conservation effectiveness based on indices of four groups including
landscape ecological condition, natural habitat pattern, connectivity, and human disturbance. We aim to assess the
conservation effectiveness of nature reserves over a long-time scale from 1990 to 2015, and also to investigate the
relationship between conservation effectiveness and two attributes of nature reserves, i.e. their types and administrative
levels. The results showed that: (1) during the assessing period from 1990—2000 to 2010—2015, the number of nature
reserves with improved conservation effectiveness accounted for 77.5% , but the number of nature reserves that had a lower
value than the average of the comprehensive evaluation index of conservation effectiveness continued to increase. It indicated
that on the one hand, the overall conservation effectiveness was improved; on the other hand, the landscape conservation
effectiveness of some nature reserves was relatively low. (2) The landscape conservation effectiveness of nature reserves
exhibited a clear heterogeneous spatial pattern. The nature reserves with significantly increased conservation effectiveness
were mainly distributed in Sichuan, Xizang, Yunnan and Guangxi, whereas the nature reserves with significantly decreased
conservation effectiveness were mostly located in Guizhou, Guangxi and the bordered areas between them. (3) The
landscape conservation effectiveness varied with the types and administrative levels of nature reserves. In terms of types, the
forest-ecosystem nature reserves had the highest overall effectiveness, followed by inland-wetland, wild-animal and wild-
plant nature reserves, but wild-animal reserves had the highest degree of improvement in conservation effectiveness,
followed by inland-wetland, forest-ecosystem, and wild-plant nature reserves. In terms of administrative levels, the national
nature reserves had higher effectiveness than provincial nature reserves. In general, the nature-reserve system in Southwest
China achieved significant landscape conservation efficiency for natural habitats, but some nature reserves (e.g. Maolan,
Mayanghe , and Chishui Alsophila Nature Reserves) showed obvious decline in landscape conservation effectiveness, which
needed more attention. This research can provide scientific support for the improvement of conservation effectiveness and the

spatial optimization of protected-area systems in regional scale.

Key Words: nature reserves; landscape conservation effectiveness; the entropy weight; TOPSIS; Southwest China
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Table 3 S-index characteristics of 102 nature reserves in different evaluation periods
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valuation periods verage of > andex S index above the average S index below the average
1990—2000 4% 0.42 52 50
2000—2010 4F 0.44 49 53
2010—2015 4% 0.47 48 54
1990—2015 4F 0.48 47 55

S FEE MR R LA A TN 84X Comprehensive evaluation index of landscape conservation effectiveness

3.2.3  A[FIZEEE SRR XA LBk
bt B R A8 A, 4 Fh2RAY [ SR AR X0 S FEE A B IOk S AR R B0 B A= 8 28 ey, R AR

http ; //www.ecologica.cn



3 YAl 5T TOPSIS EAIPE RS B SRR XS AR 3 B A 1049

1990—20004EF2000—20104F 2000—20104:42010—20154F

0 300 km
| —

TRAP BRRCE A
A BIE TR
s BT
© HAYERS
* BTl
* ke Lt

5 BARPRERARPENZLHHEZESH
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Table 4 Changes in conservation effectiveness of different types of nature reserves from 1990—2000 to 2010—2015
HA & A il i = T fH § .
AR KT i MR FERCTEE HAA HRCLTY i Lt
. Significant Slight Maintain Slight Significant
T'ypes of nature reserves .. . .
decrease decrease stability increase increase
PN Bt ¥ 25 Inland-wetland 1 0 0 1 3
FRARAHEZS 2 Forest-ecosystem 3 6 5 24 23
B A B 2% Wild-animal 2 2 0 9 14
PP A AP 2E Wild-plant 3 1 0 1 4

3.2.4 ARG AR XA AL

Bt ) 284k, RGNS S SRR X S FE Bk B0 Aok i | EL e A i sl e R A T 8 4% 11 SR AR 4 XA
FHRYG(ET) . WA BRI K F , N 1990—2000 4F 2 2010—2015 4E AL I B, [ 2 9% [ SR AR5 X
PR I BT R R AR R T B B  B  11.54% .9.62% ,3.85% . 19.23% FlI
55.77% , %8 % H AR X 530 1 6.00% .8.00% .6.00% 50.00% 1 30.00% (3 5) ; Vi, AHES T4 2 B SR IR 4P

X, E A% A SRR X ORGP B IR o A S A X

08 -

g o Z52K1990—20004F

Z 0.7 —a— H2000—20104F

g T —o— 4B 4F2010—20154
ikl i 4199020154
E585 06 —=— 5199020004
EEE —a— [ %2000—20104
e —e— EFF2010—20154
§~§g§ : ost —— EZRP1990—20154E
&S g
L5 ¢
®£23 04t Ny,
='Z § SNESS
%2 S ﬁ%\

5 03f =\

£ \

(=

@)

0.2 L L L L L )
0 10 20 30 40 50

H AR {47 X & Number of nature reserves

B7 AREEEMEREEFRARRIE S Y

Fig.7 S-index changes of national and provincial nature reserves in

R5 FRZEHEKRIPEK 1990—2000 &£ = 2010—2015 £ it

EEL

different evaluation periods

BRPAEL (DED)

Table 5 Changes in conservation effectiveness of national and provincial nature reserves from 1990—2000 to 2010—2015

=) N - f iy [
1R 5 2% . N PR RS i e B
Significant Slight Maintain Slight Significant
Levels of nature reserves .. . .
decrease decrease stability increase increase
[# % 9% National 6 5 2 10 29
A %% Provincial 3 4 3 25 15

4 e
4.1 SEPRPRREE A VRN TR

BV BRI BRCPAG  Es E EA E SE A e BRI e | FE AT AT S A R AT AT
AEUST TR R SR R G S SRR A 22 52 32 WL IR 2R SN OHC TP 45 SR ) 2 W 2 3 R

BB BORIVTA P YRR SR T 43 ) sl ) s R A L R AT

http ; //www.ecologica.cn

W RO I A SR EDUL (A5 R AT A



3 YAl 5T TOPSIS EAIPE RS B SRR XS AR 3 B A 1051

B EPET TR ML RS D HE AR T AY HARUE S SR A B LT  (H AT e 2 SO SeFe bR B B B &
IR B G AT RN LT ST AR — R R AR T 00 R BR AR R, {E R AR T R AR T AL
JEi 5 e B AN IR 2 W I B 0 22 A5 PR R AR, 78 SE PR 2 — 2 A R PR

FETF AL TOPSIS BRI 255 PN 5 AR 1 T AL A 22 B AREE SR TOPSIS 43 Hr , Wi BE 7 il == 0 P 28 %F

S ARIBAS (5 ] | BB AR L S WL A A R LS [ A A A 0, ELAE S o R i R . DRI, 36 FH AR S

X6 DX RUEE AR BRA IX R 245 T J 19 2 F8 b B i 2 5 P E A

PEAN | B AR W AE ) AR I B, DAL 25 SR PR T BB 8 SO AR I A , 38 v IR PE &P A A 1Y 48
A SRS R] SR PRAP X 22 1] 0 BARSOUIR 10 22 S sl A8 Ak, L, TR IIASCT- B8R R A8 ORI A 4378 3 M4 A0
FIRK, AR TG ECTE /N, 3% S [ SR A4 X 0] ) 1 SR A S5 Jo R i P 22 SR K 1 s Nt 22
SEAXFR N, AN, AL 2R BUEAE 2000—2010 4F i BeA — BRI 1E, i e 28k (8 1), R Z
B BEANIA] B RO X 2 ) 2 A T A 22 S AR ) S W S AR A 3k ] R 5 3R LR B AR TR 1 SRt A7 7RI 23
ENGEZ SN

SR, WAL TOPSIS BERIAE R H 248 b5 6 24P XA T AR 4 iSOG i o i A B s i A, (H
S, T RBGE AL 58 2 TR TR AR BB A 43 A TR | 76 X5 A0 5 45 A I 55 A9 I B0 R 1T 245 A I A 45
W, B VEE R, A AR SCR DAL 25 SR T R R X6 AR AR A AR VR R I AN HEBR S 2L O 47 il
WA I AP SR s AR 22 I L, RV A TE — BER (AR SR 2 9 DA 48 A A4 22 A FH B9 P 7
B ATHIRAT LR DX SRS [ SR AR DX 9 45 1 S UL AR i Al RIS 2
4.2 HIRGY XSO st s 1k

WFFE I | 23Kk O FF R AR 3 BUTAR I 1537 X H L 20%—50% 15 3] T A R4 | A4 BUSOR 25 SR 0
T3 FASCHFFE 45 5, A 1990—2000 4 2 2010—2015 4E PFAl s B, AR 47 s b T+ B AR AR I IX 80 24
77.5% (FE 5) P4 BT

AR Ak b, E AR X AR R 2000 4FJ5 T IR k3, 2010 4R J5 g — 4R 71, X AR vl g &2 45 T3k
[ 2000 4F- LA 4 1 S it 8 K ARAMAR S 5 iR BRA MRAE A28 TRE | DL B 2010 4FRT S B ZE X AR IX
B RIECR M 2014 453 — 50 IRBRA MR R TREA G a0 48 sl oA L, P Bt A 4R T A AR IR
X 2 HilE 2 E P RORTIO )| 55 3 5 E AR ST 2518 B — @ MR LE S AR5 B R BRI X £
AYATTE S LA B S 55TV B A8 I3, 5k 1A HA 2 G R M X 2016 4T T8 I 90 2 2 B IX 38 ) R A mT fiE % 38
BRI 5 55— 5 I AR T BB B AA 7E 2008 AFEF 2009 A 3% L A7 R R BER S T R A FE R, 5]
A BRI L LAGR st S B A 15 2% SRR X Ry 81, 4 S F 9 38 WL AR 47 IX P A Ak ™
1, HLRN A 0 B B il e e 1 1

BT AT RGO NDVI ZEL T BRF 5335 22 WA ZRAR AR 25 28 A AR OB XA LA 4, i 1) i
M HbAL 25 A BT LA T ANIRIZE Y SR AR DX AR B A 7™ 1 7K A A PN i 21 B 2 2l P 28 00 F AR A
S IMBF RIS FETAR SO FESE I, S LA B T T A R4 BRI P 4 AR e BN PR A S St
W RRH R B A S T A A 2% (IR 6) o DRAP UBOCEAR B b 3R B B A Sh W28 > N ittt
FSTMAERIS T MW (R 4) ,—J7 w0 Re2 PO BT AR s 2 A AR AR IXAE 1990—2000 4F P4l B B 11
SO L LR B P FE BUE /N, B A 3R B4R T2 8] 5 TR s, i BH 2005 475 2l Y 42 [ 8 s R 4 T 7%
BAE T — @ ML BR[S9 SRR XM o, B AR sk R P T A% (7)) AR alsk -
FHH LE B /INT4 S, AR R A S AT S R R A LU R TR G (R 5) . UL, AT T g E SRR
X, B R A SR DX SR AR 43 fb e 4 BRI &

5 #ig
(1) AL TOPSIS ALHL & —Fh i )12 19 22 B AR PSR 70 M 07 7, A0 He A 25 -5 7 T v 58 2L & WL Fnmp

http ; //www.ecologica.cn



1052 JAE = 43 4

FRAEE 18 T XU A SR X 25 1 Z 48 AR s 2 5 PR AR 9T

(2) HARGRA X SOOI SR AT B 28 22 Sk o B E) 246 | DA 1990—2000 4F % 2010—2015 4FE 1Ak B
B R R TEIY A SRR DB b E 77.5% , SRR PR B B 5 TS [ AR PRI IXOR T, 45 I BT
SO BB LE B P 18 SO (B I B ARG DB R i, 2B B SR OR3P XS BRI ) A fb & 8 1Y
R, AR L AP BRI R T B SRR X 2 A AR 2 B VU DU R DR A T B A AR
PRI IX 2253 A0 2E S M LA KRN 52 M 55T P B 38 A IXCH

(3) ANIRIZEHY K SEG ) H AR DR DX Z [ SR SR 25 57 280 I R IR IR I A bR A 28 A
UF RS VR 2 B A B 2 RN B A A ) 2 25 5 i R Bk e e SRk B AR S 2 > N i 1 K >
PMAE SIS A, SR B CRI N E R R TAR AT TARAREY X, BRH AR
TR DX AP B sk W A A Al 34 T B

S % 3k ( References) :

[ 1] Bruner A G, Gullison R E, Rice R E, da Fonseca G A. Effectiveness of parks in protecting tropical biodiversity. Science, 2001, 291(5501) ; 125-
128.

(2] &M, B2, BE, xives, T, 458, 2015, R0 0 ARRIH S F R ESZ 2RI E. WIEUT, 2017, 36(3) ; 420-428.

[3] Zemei. ARG IXAEBEA. JLat. sPEM IR, 2011,

(4] EAs, ¥R, fem, ik, XIO5iE, Koo, R4 ARRIP R ROTAG . RS RS LY 2Rk, 2016, 24(10):
1177-1188.

[ 5] Suskevi¢s M. Legitimate planning processes or informed decisions? Exploring public officials’ rationales for participation in regional green
infrastructure planning in Estonia. Environmental Policy and Governance, 2019, 29(2) ; 132-143.

[ 6] ZFWRIE, Franklin J F. SoWE A — S5 SUS L OB SAE L. R4 A dERE, 1988, 5(1): 23-33.

(7] B3, Wi, HET. SoAESESEMZHERY. AAEEM, 1999, 19(3) : 399-407.

[ 8] Orlikowska E H, Svensson J, Roberge J M, Blicharska M, Mikusifiski G. Hit or miss? Evaluating the effectiveness of Natura 2000 for conservation
of forest bird habitat in Sweden. Global Ecology and Conservation, 2020, 22: ¢00939.

[9] TR, KRS, XUBE, XHRAS, sk, =AWHIIT AT K] E 290 A A PR XS MAR JR AR 3P 8003 Br. SRR, 2021, 19(2)
170-177.

[10] ¥R, #ER, TV, RN, BokE, kS, EuiE. M5l rE R RIe B 298 AR DRSS KA . N A2
%, 2017, 28(8) : 2649-2656.

(11 PREEfEar, M, T, R RIE ARG XTI XDIFTIE . 435240, 2014, 34(22) : 6391-6396.

[12] M, &E, BZk, AR, Zhak, SR dE BRGSO R R0 R B . AR 38 5 R A R 22 4, 2016, 32(1):
19-23.

[13] LiuJ, Linderman M, Ouyang Z, An L, Yang J, Zhang H. Ecological degradation in protected areas: the case of Wolong Nature Reserve for giant
pandas. Science, 2001, 292(5514) ; 98-101.

[14] Gibbes C, Southworth J, Keys E. Wetland conservation; change and fragmentation in Trinidad’s protected areas. Geoforum, 2009, 40 (1) .
91-104.

[15] Barbero-Bermejo I, Crespo-Luengo G, Hernandez-Lambrafio R E, Rodriguez de la Cruz D, Sanchez-Agudo J A. Natural protected areas as
providers of ecological connectivity in the landscape: the case of the Iberian Lynx. Sustainability, 2020, 13(1) . 41.

[16] ki, SIEW, fCRE, Maliete. GIB B AR ORI X St HE AR LA BT, Mol PEIRAT 2, 2021(1) ; 103-110.

(171 FHE, T4, Broe, ks, 22040, 2EEHSE QAR X R RBOTGTETR. Bl R, 2014, 31(1) : 75-82.

(18] A&, XIS, MR, A, 20, AE, R4, REM. ERAR LSRR SO IRt R R g 5 . ESEARE,
2021, 40(12) : 4109-4118.

[19]  TERHF, BH. H TR TOPSIS HERL A X BB RIS R B IFAN SHERT I PRI, 2016, 36(1) : 314-323.

[20] GROZAR, SRECHES, 2. 74 R il XA [RIAE B2 B VA — fl AR Wi B SO A AR S A A, i AR 8284, 2011, 22(2) : 323-330.

[21]  #AMRUCE. FREPEH-LA X AR RS XS E iR D]. BY: sFR#, 2018,

[22] Zhao HW, WuRD, Long Y C, HuJ M, Yang F L, Jin T, Wang JJ, Hu P J, Wu W, Diao Y X, Guo Y. Individual-level performance of nature
reserves in forest protection and the effects of management level and establishment age. Biological Conservation, 2019, 233, 23-30.

[23] Hockings M. Systems for assessing the effectiveness of management in protected areas. BioScience, 2003, 53(9) . 823-832.

http ; //www.ecologica.cn



3

YAl 5T TOPSIS EAIPE RS B SRR XS AR 3 B A 1053

[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]

[32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]

[43]
[44]

[45]
[46]
[47]
[48]

A, BEATT, KHEA:. FE AR KA SRR AN FRAE. R ESIREE, 1994(3) . 22-25.

ARAZE ) BT, X, BETIC. T 30 4Rk =TI X T M A 9 5 5 WA S LRI, HFEST, 2010, 29(8) : 1439-1451.
EZAM R, A SRR A SO AR T —55 3 345 SRR (LY/T 2244.3-2014) . dbst. sPEBREH R, 2014,

SR SOAEASS: . MR AR R SAFGL 2 . dbat. AR W, 2007.

Saura S, Pascual-Hortal L. A new habitat availability index to integrate connectivity in landscape conservation planning: comparison with existing
indices and application to a case study. Landscape and Urban Planning, 2007, 83(2/3);: 91-103.

Wu R D, Long Y C, Malanson G P, Garber P A, Zhang S, Li D Q, Zhao P, Wang L Z, Duo H R. Optimized spatial priorities for biodiversity
conservation in China; a systematic conservation planning perspective. PLoS One, 2014, 9(7) : e103783.

LI, R, R, IGKTE, EIEE, R WL RC T SRR (L K B S A R AR 5T
40(10) ; 3303-3314.

W, Fokar, B, LARA, XEE, Gl T E AR 00 SR E A 2 — LS O ). A S Ak, 2009, 28(8)
1668-1672.

FRHET, SEIERR. BT EIG 0 FO0%E HE B R Ak B I 8 —— DA A 1V B F AR AR R 9. A= 3524, 2016, 36(23) : 7580-7593.

Reshetylo O. Fragmentation degree and effective mesh size of nature-protected areas of the Western Ukraine. Studia Biologica, 2015, 9(2):

VIR WA 6. AEZ5224, 2020,

207-210.
MR, ST ZARRLE A TR AR bR IE AL AN TC AL 5 Rk BE. WITE SR, 2003(4) ¢ 24-25.

BIHALL, WA, R, R, TR TR R FAE R R S ——UH IR BUIX A ). RS2SR, 2006, 25(8) : 1003-1008.
220G, arEME. SRR A TN T IR LA, ML R IT & 5087, 2009, 22(4) . 24-25, 28.

ZEA, AR, KRR, S, BB B SR E AR R PR RO B ST . A AR 2014, 33(4) : 1128-1134.
MUFI], RETFI5. ERO TSR SR RO IR, SEiHiF5T, 2013, 30(8) : 25-31.

oz . PERE ERY H R XSSO [ D], &%, Wi k%, 2016.

T, i, BEE, XBOY. A8 IR B M A: 25 M U SR i P 3 —— ARG B A AR O RIS B L A SRR X R . 5
XE I S5EEL, 2017, 31(8) : 69-75.

Fuller R A, McDonald-Madden E, Wilson K A, Carwardine J, Grantham H S, Watson J E M, Klein C J, Green D C, Possingham H P. Replacing
underperforming protected areas achieves better conservation outcomes. Nature, 2010, 466(7304) ; 365-367.

TRESE, BREAR, RNA, KE, TR HRKHRMY KA S RLEHNE T 4F28 4 (2000—2010 45) WA, 425254, 2017, 37(23) .
8067-8076.

BUHE, BEE, B, EAEIE. b ESR G SRR X A SRR B 2 AR AR RRAE. Hb3EAE 4, 2018, 73(1) : 92-103.

VR, YR, SREneE, 2552, ARTAR, K. 7R M X TE A e ) G R T RS e A AT, AR ASSE R, 2022(9). DOI: 10.
5846/51xb202104130952.

B, RERET, 22 %75 JeT 3S By S M Mg SR AL E BRI T . TR X BER S AT, 2014, 28(3) : 62-67.

2Pk, MOROR, SEEB, R, AR, XBIEAK. S H AR KA M R R SO it A 2AAR , 2000, 28(2) ¢ 119-125.
IRk, 40, # Gk, BT NDVI W B8 A SRR AP BT, 254, 2020, 40(20) ; 7312-7322.

bk, SEEMBA TRIERS S, B ER, 2006-02-16(009). DOI; 10.28502/n.cnki.nkjrb.2006.007815.

http ; //www.ecologica.cn



