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Abstract; Irrational spatial patterns are one of the main problems for nature reserve development. Optimization of current
nature reserve systems is one of the best approaches for achieving maximal conservation biodiversity effectiveness with
limited conservation resources. In this study, habitat evaluation and priority identification were undertaken in the Minshan
Mountains in southwest China, one of the most important areas for biodiversity conservation in the world. A total number of
25 endangered species, including 15 mammals and 10 birds, were selected to identify priority areas based on MAXENT and
ZONATION, which were further used to optimize the current nature reserve systems. In total, 3,213 occurrence points for
the 25 species, and several environmental variables, including the Wide Dynamic Range Vegetation Index from MODIS
data, slope and aspect from DEM data, and distance to roads and residential areas, were selected for habitat modeling. The
results showed that (1) MAXENT could predict the distributions of study species well with relatively small numbers of
occurrence records; (2) Average ratio for the 25 species’ habitats in the current nature reserve systems was 51.8%; (3)
The total area of the priority areas was 19958.7 km’, only 47.1% of which had been protected in the existing nature

reserves, and protection gaps existed in the middle and south of Jiuzhaigou County, the north of Pingwu County, and the
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border between the southwest of Pingwu County and the Northeast of Beichuan County. Therefore, it was proposed to build
new nature reserves or expand the existing nature reserves in 6 protection gap areas, and to take the priority rank within the
areas into account during future planning. After expansion of the reserves in the six key areas, the proportion in new nature
reserves to the entire area will increase to 33.3% from the current 23.8%.The average ratio for the 25 species could be
raised to 77.9%, with a net increase of 26.1% compared to the current ratio. Finally, species with small habitat areas will
have a high proportion of habitat protected in the new reserve planning regime. The approach used in this study could be

applied to other biodiversity hotspots in China.

Key Words; Nature reserves, Planning, Priority areas, ZONATION, Minshan mountains
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IR AR5 . IR B B L 4 DN B F IR AR B K 29 3 km, AH
APPSR B HE B — R AE 3 km DA b WCER IR I R B HE 20 |l S s S AA , F GPS i 475 fi Fl
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FLE S B A S B M3t O SR Ak I HLSE i AR AR Z (RIS SE RS 5 2SI, AR HE G 1L M DX NS 3E B R
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2 HRER

2.1 WS MRS

2 MAXENT BERUBLIUAS 211 25 DNYIFRE AUC (E#FRT 0.9(FR 1) , RABHUE B &, HdH 6 Mfp
B EE AT 25 S HAEIAS B RS AUC {HHS KT 0.95, F W45 /D 19 9 Fh H B 5 500t mT L3R 1S4 i 1
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x1 WARYMAEINLER
Table 1 Modelling Results of Study Species

IR R AR IR R

ha=s %ﬁé’.ﬁ\ No of AUC {8 m‘%;iiﬁ/ri;mz) JFe %ﬁﬁﬁ’r\ No of AUC fE m‘%ﬁiiifp ;/r;k/mz)

No  Species name  occurrence  AUC Value (k) No Species name  occurrence  AUC Value (k)
data data
1 E% 18 0.991 4229.7 14 RS 71 0.989 1991.3
2 BEFS 200 0.983 15617.8 15 Tl 98 0.995 2491.7
3 KR 12 0.997 2462.3 16 BRI 97 0.994 3797.1
4 KAEA 200 0.98 12551.4 17 L8 fadE 200 0.983 8569.3
5 MBS 200 0.981 17234.6 18 AJXG 200 0.986 7897.0
6 ¥ 200 0.980 14346.4 19 ZIJEHRRY 200 0.983 6999.4
7 G PG A 24 0.998 1342.8 20 Fai: 16 0.999 549.4
8 ELEi 200 0.984 13867.4 21 33 33 0.995 8201.6
9 I 4 2245 200 0.982 14769.4 22 WHEG 200 0.989 3827.3
10 JRAE 200 0.983 23519.8 23 1 12 0.998 2056.6
11 U9/ 36 0.997 2176.8 24 JiR;E3 185 0.989 5764.9
12 /NRER 11 0.988 7849.4 25 L Ris 200 0.972 9984.5
13 HE 200 0.983 11123.9

AUC:; area under curve, HiZk TR
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7 MBS A 2,000 km?
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1Lyt DX E B (A7 S B PR AP AT i — 20 i
2.3 RIHIIIR R A

(1) ZONATION f#H 5 SR i 2k

LR T ZONATION 553 76 7 B 55t WL 490 o A
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RO LB ERAR A YA, Mt 2k B 3R 57 Wk 2% i ir
AYIFI T BRGSO R T0% I, W)l i) - 321301
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---B
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Proportion of habitat remaining

| | | | I I I I |
0o 01 02 03 04 05 06 07 08 09 1.0

WAL, ZONATION sz 545 3 i H AR LS5 X (B 30% FOLE & )
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BRI S0 B T 44 80% L4 EIOHIRR A 451X 454~ P P
YF o34 8 55 LE BN T 70% 1 ZONATION fR R 75 SRR 1 1 £
( 2) 1 jﬂ SIE[X ﬁ:}‘%ﬁ Fig. 1 Performance Curves of Zonation Solutions

BT Z YRR B4R e X R R =B T JLgE
1 PR JE A B DU B 5 kRS 5K 555 JUZETA B FEAL Al 5 S B PR, 75 )1 P AL SR A 5
R AL 2 B AT AR AL A o di . Ho , — R SE KA th 7 JLEE I 5 Al i se 7t
b, UEE P RS SCREE AL PR AU S R3S BAb A S5 5 B AS FAL AR ST R B S R B R
R ER AL PH R 2 AAL (1 2)

PSe oA 5 2 g B AR DX A TR & 43 A 2 30, 9398.1 km® (19 H R AL 56 X AE & 2 F SR (R 9P X
W, G R EAMEZE X H 47.1%, Hd | 2890 —20 90 =2 X A TR 3 591 3847.9 km? 3108.8 km?
F12441.4 km® | AR S X 9 BT R 57.8% 46.7% 1 36.6%

R 8 050 BT () 485 SR SFe S 301 F AR PR3 IX AR A PR 4P B X, 3 6 S (B 2) , A SREEIX 2 T LIE
B BN — NIRRT 2438.6 km? B 35 1871.6 km A HFRICIEIX , 404 45 R AEA R B AE
RSN | 3R R A R R TR SR IR B M VR 5 B 2500—4500 m ;B JCERE XA T
JUZEI RS, AR 422.6 km® B35 411.2 kB HARPLAE X, 7040 5 R RE A3 LM A ESE P, 3 2R 1
AT H SRR AR o 55 0 I R YR S | 5 I ] P A B AT S bR A I AR R A T R 1500—4000
m; C B XA TERARILER, HAL 941.8 km? 7 7% 903.2 km® B HFREIG X, 2011 5 R REA MBE 5008 45
R A ESERY EE AR AR B RRTR SR |V A bR Sk i I YR S AORI Sk A
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Fig. 2 Priority areas for biodiversity conservation and Spatial Optimization of Nature Reserves in Minshan Region

TR R E 2000—4000 m; D S8 X B4 TSmO BB 55 SN AT —/INiR 43, 1A 1698.3 km”, 74 55
1578.9 km* Y HAREICIX, 20 A 2 K RES Z00E R At )11 4 22008 AR SE PR, 32 SR B S UG £ b pk 5 IR
ZEAR TE R R S T I R TR ASRR kI AR VE A, YR B 1000—3000 m E SCERE XA F k)]
PEALHES, mIAH 410.1 km® B 35 375.3 km’ () BARMESE X, S0 A BER R RS LLE XS A F 55 YR, 2 bk
AU R AR B RRTRSC AR J5 I bR 5 95 i o TR A AR B R R I MORITEE AN, 4R 1000—3000
m; F SCHE XS0 22 5 S AR A B AR 691.3 km?®, 78 15 658.7 km* 19 H bR SGIX, 434 2 K AEAN |
TRRE ZINEHE R AR, EEAE A AR B BRI SSAR T I R E g 9 e TR S ORI E
M, WK S BE 1000—2000 m,

(3) ARSI VAR

TSR 134 6 A5G B DI g AU 1L 1l DX ) AR AR AP DR R, AR AR A7 IXC o i Ly b DX 6% 17 R LG 461 DA
23.8% 4T F] 33.3%, 1% 6 DIEHE XA AR L3 X E AR X AR R Z2 BT, 25 S8 ) S 34 44 i AR
4212.5 km® A3 HCA] 51.8% 5 TN AGK BEICHE X 5, WF 58 W0 RR 0 - X LR T AL T3 6334.0 km®, SR A1) 3%
TNE] 77.9 %, WEE RS 26.1% (2 2) o T3 A6, 4340 Y R FL A (R D R S8 i AR 4 L BER S e, 197 v 3 T
KT 3000 km® PR ELOIH R IT 829% , BENS Tt b AR 4P Se . IS )it [ ok Ut , A S IX 5
W Ly M X1 SR PR DX AR 22 BEAE B 4 I Ml R 47 47 3 26 T B2 o (1) A 3t

3 it

(1) MAXENT #5254 700 9 Fh 4345 B PR
EFVG P o ) 0 A 4 Ry 2 % SR PRI XA T R, o A R e it i ity . 20 H RO R TR
A A P AR AR 22 AR D TR RS S ), R ECAT DAy A HLER R R A G R R R R3S, TR
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Fhis 2 | i ELAT Loy Rh AT T R 3ot A W2 A 2 3 35 430 1 1 R e T 9, DR L AR I 9 AN 36 PR AJL B A
B AN ARG SRR R g MAXENT B85 ] DU FH 35 /0 () b B E 51 (B . 9 < BRE R <25 4N)
ELA ARG 0 0 L R A oA 2 ARBFSERY 25 AR 6 AN FRR R H BC SR AE 9 = 25 A2 0],
I, BT fe & e ] MAXENT HEA7 40 %h 2046 1 5000

F2 IRUEX BARPRERYT REEWHNARPERL

Table 2 Conservation Status of Study Species before and after Expansion of Nature Reserves System in Minshan Region

PRERIRITAS YRERTE I

5 %ﬁ‘@ﬁ( IUCN 2% T@,gl@ﬁﬁfﬂ/( km? ) Protection percentage  Protection percentage PRYE I3 LA
No Species name TUCN classes Habitat area/(km?) hefore expansion after expansion Increased percentage
1 5t EN 4229.7 43.9 72.2 28.3
2 BE#A EN 15617.8 51.6 78.2 26.6
3 KA EN 2462.3 68.9 94.9 26.0
4 KAEH EN 12551.4 53.0 81.3 28.3
5 MR EN 17234.6 49.6 75.7 26.1
6 RS EN 14346.4 52.1 80.5 28.4
7 L PG A VU 1342.8 62.2 94.2 32.0
8 EOKT VU 13867.4 48.0 75.9 27.9
9 I 4 221 VU 14769.4 50.7 78.0 27.3
10 e VU 23519.8 42.8 65.6 22.8
11 b3 VU 2176.8 43.0 83.8 40.8
12 /NBESH VU 7849.4 56.0 87.1 31.1
13 AE VU 11123.9 53.6 81.8 28.2
14 ft 21 VU 1991.3 54.4 86.1 31.7
15 T il NT 2491.7 62.7 88.3 25.6
16 BE AR NT 3797.1 54.9 82.9 28.0
17 2115 Fy A NT 8569.3 60.5 88.8 28.3
18 AR NT 7897.0 56.3 84.9 28.6
19 LIRS LC 6999.4 60.6 87.7 27.1
20 AR LC 549.4 62.4 88.9 26.5
21 A LC 8201.6 48.6 74.5 25.9
22 [y LC 3827.3 48.7 84.2 35.5
23 £ LC 2056.6 48.8 88.7 39.9
24 ki3 LC 5764.9 56.1 82.9 26.8
25 B’ NL 9984.5 56.6 84.7 28.1
ifjfe 8128.9 51.8 71.9 26.1

CR; Critically Endangered, #%f&;EN: Endangered, #iif&;VU: Vulnerable, % f&;NT: Near Threatened , #1f&;LC: Least Concern, JGf& ; NL: Not
Listed, ARFIA

AT HA KRR TF e RS 4T 4 | RS R IL IR S A0 A R, ASBIF 5% Ja vk FH 22 AW Fadk £ 7 7L 0
G35 LA R AT, #E— 2D S MAXENT SRS T i e s 7k . (E AN AUC {E 2R F , MAXENT REfS AR
P A BR A b L A5 A M Tt R B T RE A3 AT . 3X— 0T MAXENT BRI ZE & B BoR F Bk 17
PP e X R B B A S, RN IR B2 A Rl s BRI s g/, i LAFE R4 T 1 SR AR IX R s T LK B
Z IR R | T — SRR W B A T RS R RS i Bl

MAXENT #5585 ZEAR - O 104 Rt 30 a5 T 76 A5 R0k 00 0BT 10 A 260 1 A2 o 1 0058, 00 3 > 1 47 o
A3 A DXV 2% EAT AU 2] 5 P i e B AR LR BRBE 25 4 . TR L, PR AR 1 (8 B %0 MAXENT A5 78 0 i)
HEWRPEE S EH 2, AW 25 1 MAXENT A AUER R0 H AR = B TR ( AUC>0.9) (& 1), X R BAHIESE
VEFRIY AR N R A T4 R AR AR L T XS T A R A SR TR R E 2 B, JF H T MODIS i
[i1] 7 51) 328 SRS FIT 20 B P A el J 2 0 Ak e T 238 it T DA A e 14 g T h 49 0 e B A L b A
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2 18 B 2. JLT ZONATION AYUR L 1L 2R 2 YRl 3 50 %) 9

(2) T ZYF IR ) ZONATION L 5e X 4] 4y

ZONATION 2 HEBR AR B J5 B8 R 00 o0 A A% 0 DX, NI 72 28 T — A 1 BE i B 1 o 45 M ik 2 )7
G, ARWFFEH N 100% IAIFFE SOE 30% HIBIFTE S, P Fh 07 2300 4% 53 A Lo B LU BT 28, R TR T
10% , 3% Ut B BT 3R A3 1) ZONATION fiftdle )y 2 bk o Bnp il idd, An i pm sk B T 55 500 B ) s 1 55 40
Tl %) 2 (B4 S 2B 350 /IS A2 Ak (A4 - S R BIFFE S5 DA 309% 35 3] 35% ; B 55 W b Bl A BT 224k ) |, Wy i
HAS HFE ZONATION 32 545 2 i SRar U8 26 DX P B AR FU IS 23 R R R Bk 7z

ST RAIE AT ARG A9 I A TR i R L D A 0 B A b (E AN SRAE AR A T 0 A ) 2 R
A A PR AP SR IS AT AT A R AR R AT . H T MAXENT BERY AT LU A B H 3010 SR 4
P (< BUIL SR <25 A™) AR PRI AL ek L A5 s TS0 £ b ) A, T3 i ZONATION 753 i 418 558 X s 7
2, B HERR— 2L ] e H L A P RO e X g 25 R LA R T DRI, PRI R A T A ) 2R
AMTEOL T, 456 MAXENT A= 35 AIBERLFT ZONATION %3 [R] e HEAS AL af LA A 50 K DX 4 L 9 1y A 2
ORISR IX

AT T 25 2R 5 H B T R R ORAP B 111 3t DX DR AP O S DXF S8 A7 X6 e 2307, 2 0 e/ B A 2
(least-cost modeling) Tif 52 I RS AZ o B, i 18 8457 T A BF 98 Fl ZONATION B4 1 3k i 4 5 IX Y , T H.15
H A R BEAE FE R B G Bt b BT = AR 4 1 i 2 WA DA 25 1 X220 5 sl AR 286 700 i 07
2 (ecological-niche factor analysis method ) #fff %2 Y K A& i W 3 80 o6"™ Bk B B4 50 A1 JL - A A BF 52 1
ZONANTION J5 Z& 8 & | Tl ik 25 Bl o3 4kt B TSR 47 23 Bl S AR S 4t 1 A GBI S G OCBEIX — B ik
TFHLFRAS AL R 1 32K RE A 8 b 43 A3 X ) 3 T AR 28 9 ZONATION 656 X P, i AfF 5 4 o A A
FAEHEAE o O B B X U A S AR 45 R — 2, DL By He B o B — O if 3% B A BiF 5
ZONATION JEHEHI R AL XA 5 1 IR 1Y 3= S0 2t PRI b DR 7 ok 26 DX [ A DR 4 - RE i e A1
A RESFELAEAF M T 5 53— 5 T, AR S L T B — W b R P A A S X R0 23 220 1 L i (B A R i b 7, 31X
RO T 3T Z YR R4 B9 D05 XA 730 B0 5 D 111 34 X 22 P o O 4 ol S8 DIt B S 2 S

UM IR 2010 AR5 1 b LA ) 2 RE PR IR s 547 3R] (2011—2030 4F ) )1 UG 35
MEYZ R DR IL B X B AR XA T s 04, th TR L& T 35 MBS IX Iz — AT By AR ml
TZX B OAP IR R AL, SRR L DX AR PR AR R SR JE 25 JE A 98 rh 4 th 1 G B X, IOk
ARSI 4 H Y R OC R X (18] 2 R A-D) B B TE ARGIEA T R R Ao & i s, (H2 A
[FIFFE X BN 53 b — A X CRAP AL 45 R RE AR TE N 1Y 2D W AR B OGS DX (I 2 vy B) 3R A 5 i B
Mo A, AR RIBIETE TR XA ok B P 2 Bk AT AR IO S8 A5 90 53 28 T AS T 5 200 A o 1) OG5 DX A
FRHEAT TR RN o, R LUG FAR TR X A bR - @ 4R A0 T 28 K0 . AR ASHFIE 4 1 i DR 4P OG5 X
BN [V s AT Uiz FHAS [ BRI 7 28, Fan A SCEE DX A ) B ARG 56 X B T AR K T HL 288 4360 T L3811
B PR AR H AT A BT — A ARG X5 B SCEEIX Y H bRt S8 X RN, FT LA 1A 20 fl
SRR DXE ] A SR DR DX 3 A DX 20 £ F AR LR DX T A SR DR AP DX 5 KT A SR OR3P DX S Ok
C B H AR X T AR RIF B8 7 2 20 UKL B e K /NRYE FI 28 ] H AR DR 4
DX, HEE A E BRI F AR PR DX R DX B FE OB — A~ A SRR X D SCBEIX 1y B AR I 56 X T AR
Ja B8 A7 4% T /NG ik BRI SE AR AR 5 S BRI T ELES R AT AR =
Kt /e L B TR A R DA B AR X R IX 5 A BRI G I — i, B TE BT i — 1
FARTRAPIX 53X 5 A A ARDRAP XA IS — > A AR ORI DXCRE s B SC8E XA F AR OL S IX T AR /), 1T LA T A Dl /)
T H AR XY D F OCHE X 1Y BARDLSG X TR /N, AT DR AR Sy T 1l LT 55 Ky i 4
KXo J38h  TEUR L DX AR PR DA R 3™ R IRE I 320 591 1 T 7S A S DX N R 9 P 2 45 4, I S S5 9 ey
) b DX S LA AR X AR ZR

ABIFFEHE AR E H o — RS R, 72 SRR O XA 38 0 327 I PR ER , — 2 BT DG
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DRI S PR A AR B, AS IS 2 RS JE I PP A DRy it 5 G B DX I ], ok 88 S DX Il H A AL
BRI AR R I T A e — 2 ) B A R A 21N R HIL e N 45 T S B DI W e A AR
TR R A IR ICE WL | 2 X I R B YA I SR T UK X, 2008 A0 3R K Uk A R X2
DR TR B AR VIR 2 AT AT 2 B AR B SN A Bl o X 59 A 25 R G S WA S ik i 1
SO T RER B BIASHESAR A FOCHEDC s =B NN ShIPE R 2 DX A R 0 BRI S T
s, AR E i e B RO i o S AR Sl A B AR B M S SR S, TR R i MR v B
T YR ZS R4 LLAN 8 B2 1 AR5 NI S5 o, WA R i) a1, DA PR DX ST A9
ARCEN R XA R AT — A 2k
X IR PR 2 AR ) AR FE ML — TR 2RI, 5 LURT 9T 2 05N IR), AR5 B A £ 4
FeX RN ITEFET Z YRR JF 2% /T W0 Z 18] B FAME U, GBS e F AR PR IP X A R % T T
B i ORISR RO PR SO SE  45 2Rt m] D BIbR A J S5 DR AP O OF I, fe b % X A
W2 AR R PR B it F MR
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