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Abstract

Abstract

Climate warming and land use change are profoundly altering global biodiversity, a
major challenge for species and conservation managers. Since the 1960s, China has
begun to establish nature reserves in many places to protect biodiversity, and the
establishment of nature reserves has played an important role in the protection of existing
habitats of species. However, the effectiveness of nature reserves under future climate
and land use changes remains to be assessed. In addition, the effects of climate and land
use factors on the geographical distribution pattern of multiple species are rarely
considered when adjusting the scope of nature reserves. Therefore, accurately predicting
the geographical distribution pattern of species under future environmental conditions not
only helps to understand how species will respond to global environmental changes, but
also has important guiding significance for future conservation planning. Here, we used
species distribution models to assess the integrated impacts of future climate and land use
changes on the potential distribution range of wild giant pandas and their sympatric
species in Sichuan Province.

In this study, the distribution area of giant pandas in Sichuan Province was used as
the study area, and giant pandas (Ailuropoda melanoleuca) and 22 animal species in their
sympatric distribution were used as the study objects. The maximum entropy model
(MaxEnt) was constructed based on species distribution data, climate data and land use
data. The trends in the distribution range of suitable habitats and the direction and
distance of their centriods migration were assessed for each species under different
Shared Socioeconomic Pathways (SSP1-2.6, SSP5-8.5) and different dispersal patterns in
the current and future periods (2050s, 2070s). We also explored the impact of future
climate and land use changes on the spatial distribution patterns of species richness of
giant pandas and their sympatric species. Finally, based on the characteristics of the
change in species richness in the study area, two types of priority protected areas were
identified for the future period, namely "areas worth exploring™ (i.e., areas with
increasing species richness) and " areas needing attention " (i.e., areas with decreasing
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species richness), and on this basis, the conservation gaps in the current nature reserves
were analyzed by calculating the overlap area between these two types of priority
protected areas and the current nature reserves. The main findings obtained in this study
are as follows:

(1) All MaxEnt models had high predictive power for the current range of the
species with a mean AUC value of 0.854 £0.052.

(2) Among the climate variables, the mean annual temperature (BIO1) was the main
factor influencing the current distribution of most species (13 species), with model
contributions ranging from 12.475% to 71.326%. Among the land use variables, the
proportion of forest land area (Forest) was the main factor affecting the distribution of
most species (16 species), with model contributions ranging from 4.705% to 37.480%.

(3) Under future climate and land use change scenarios, each species has different
responses to environmental changes under different dispersal patterns and different
greenhouse gas emission scenarios. Under a perfect dispersal model, suitable habitat for
about 50% of species will expand under an optimistic greenhouse gas emission, while
suitable habitat for more than 60% of species will decrease under a pessimistic
greenhouse gas emission. Under a no dispersal model, all species will experience various
degrees of contraction in suitable habitat, and under a pessimistic greenhouse gas
emission, species will lose even more suitable habitat. At the same time, the centroid of
suitable habitat distribution for most species will migrate northward, with distances of
between 0.21 km and 110.89 km. However, the centroid of suitable habitat distribution
for a few species will migrate southward, with distances of between 0.01 km and 120.53
km.

(4) In the current period, the mean species richness of all grid cells in the study area
I 5.533 £6.422. In the future period, the changes in species richness across all grid cells
in the study area depend on the greenhouse gas emission scenario. Specifically, under the
SSP1-2.6 scenario, the average species richness is predicted to increase in the 2050s and
2070s by 0.232 +3.833 and 0.241 =+ 4.268, respectively, while under the SSP5-8.5
scenario, the average species richness is predicted to decrease in the 2050s and 2070s by

0.246 +£4.703 and 0.423 %5.403, respectively. In addition, under all future climate and
VI
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land use change scenarios, the largest mean number of species loss are mainly located in
the Daxiangling and Liangshan mountains, while the largest mean number of species
increase are mainly located in the Minshan and Xiaoxiangling mountains.

(5) Under future climate and land use change scenarios, the area of "areas worth
exploring” (i.e., areas with increasing species richness) are between 0.43x10% and
1.30>10% km=and are mainly located in the Minshan and Qionglai mountains. The area of
"areas needing attention™ (i.e., areas with decreasing species richness) are between
1.35x10% and 2.44x10% km=and are mainly distributed in the Liangshan and Daxiangling
mountains. Based on the conservation gaps analysis, No more than 31% of the " areas
worth exploring " and no more than 19% of the " areas needing attention " are located
within existing nature reserves.

These results emphasize the importance of combining climate and land use variables
to predict the future distribution of giant pandas and their sympatric species, and that the
dispersal ability of species and habitat connectivity are important for species to migrate to
suitable habitats under future environmental conditions. In addition, the need for a spatial
explicit consideration of the projected range change patterns of target species for guiding
conservation and management strategies.

Key words: giant pandas; sympatric species; climate change; land use change; MaxEnt
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(3) ARG =3t 1) FH AR A X K A 2 e [R5k A W0 Rl A2 A = 56 2 ) A A%
JR IR
£ Arcgis10.8 F AT H, g 2 W AhAEAN A 30 P B B A0 3 o B A S o A o3
BIEAT BN RN & A 18] A I, AR AN [ S AsAN 3t R A2 AL 1 5t
B XI5 18] AT AL -
(4) PR ARG - 3F T 5% T KRB S e [Rlsk o A i (1 e S DR 377 [X 3
LA i B S PR P i = 2 ) 3 A R AR 20 BT AR RAS [ IR 391 45 A P
HIRh & ARG DL SRE, NPIRMEE AR R E T 99%M EF XA, K&
5 X TR AN XAy “ s R X8k 7, FFARSEAIL 56 R DX P = e TE R A2 Ak
BRI AWAE Y 1D FERERN X, YRR ERRN X 2) |
RR M, RIYAD & T 1 X sk
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E2E WRXHR

2.1 IR E S FIRER

PZMIT AT BB EE G I S DU 1148 N B AR R REA A g0 Lt & (DY )ITER 73D IR
il & IRk L &R KA L &R AMAHD W R AL R EEANRIL R (B 2-1D).
ZIX IR EER A Z R R S HX, B E MY TR

W BRI R (DU AT HRAD gL s, WHREIRE
F DY) ERVLIE T o b DX 5 AR 1) PE 46 T, B LLE ks v . 1%
XX RARE R, siFRE2, FH AT ZEmEasy, Hdfa
KAES | 114x 22 (Rhinopithecus roxellanae) . /)N BE A 2% 22 i [H 5% 8 s (R4 5 ),
SRR AN S PE S RS, 12 1L R A A R I A AT R U, X
FHEGA Y (Pinaceae). A (Pinus tabulaeformis Carr). & ilifs (Pinus
densata). Z# (Betula albosinensis) 203 TR AR R,

TS Upke 111 Z2 2 WL AR R JEER] ) 40 /K, 1 Bk rg AL [y, 30 N DU Ak 4Ly,
PATIE 6 250m, 2 DY 1] Fa b AN 7 80 v R 2 T () R AR B P78, iz X B
A Z e, JF Ho2 KRR . H1/ ¥ (Budorcas taxicolor) . 7K & (Rusa unicolor ).
G UL R RS R E A X U0, R A XA R E, TS R,
FC R AL RRIRE AT AR LA PR LA S AR 3R I A 2R 24 0L, g4 1 600m DL
P B H SRR AR, 3K 1 600~2 000m A 4% 5 % - R SS AR, R 2 000~
2 600m JEFFEMVRAS AR, #EHR 2 600~3 600m A3 s £ AR, K 3 600~4 400m
e L e AN e U7l

KAHWE th &AL T PO ) it P e i 2, AR B PEdb-AR i E m . AR L,
BIRPEW, PHEREm, JLMERT. ZURHLZELAMRE LR, Hmmgh
DR, K% W= B A /K, g Hnrik 3 552mbBY, ZXIHAH £ F
IZNEY IR, LLAMENLIR IS R B, 7R KA BR R X N B A5k 5 H
14 %1 23 Fh, BFAELE 5 H 118} 33 ff, HA W dd KAEM . NEESH . MBS (Moschus
berezovskii). F1HEER A (Capricornis milneedwardsii) 25 [ 5% & S AR B AE S
HAMEH B (Ddvida involucrata). 40542 (Taxus chinensivs) 532 #0 fi BF 4
fEpE,

ANAHIR Ly Z M A T Ll Bk R 2%, AT EAE R B E ., ST BES A, W
k2 FEEALER, RAbE, PIRK, FUEEESLRMER 4 791m. 1%L RSP 5
FEE, HHHH¥ER (Pterostyrax psilophyllus). /K& #f (Tetracentron sinense )+
Ik JE V412 (Abies fabric) F13E =42 (Piceabrachytyla) 53 [E4F= (kY. LK
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L1 5AZ B 55 B R AR R 3L, e ah, bl & 0 A A /N RE | B et e (Elaphodus
cephalophus). SEAE. /NEE (Muntiacus reevesi) 252 Fk B [F] 4 FhB4,

O Ly Ly ZR i A DO )1 2 b e 8 ) v R Rk Y A, AR A, PR
Tl RG], ALY, FE R G ybITSl, Zl R IR AR 2, 4R 2 600m
PLUR NRE R #RAT, #E4R 2 600~3 800m A F&iR PEET AR, 4R 3800m LA Al
VEFNE A e, [FE L REE TR EE, KPR e, 292 ([ARR
(Bretschneidera sinensis )45 8 it [E 514 = s R4 B AE A6 Y, )1 32 BE (Phellodendron-
chinense). T 74 (Trailliaedoxa gracilis). #Z#k (Liriodendron chinense) 4 42 fi
XN ARy B AR, LB 728 (Michelia wilsoniiD . Uik /E #53% (Coptis-
omeiensis) . ZLE A4 (Ormosia hosiei) % 27 Fidh [EHFA BN, thsb, Zil R4
ARAEME . /NEESE. HARE. MREYSEZ R RSBl peel.

LT

] oo K %

DEM
e 6448

w180

B 2 AR SIIIE

0 75 150
kM

2-1 WHFTIX b B AL B K
Fig. 2-1 Geographical location of the study area
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2.2 SARFHIE

IR R ARG IR (PN X3 T 52 20 A B 6 AT s K LAk
s, U L DX 2R P A R R A T O P M 22 e B . R I T T L 2 DU )13 44
MR X, SRR REE, S MKERE 1200~1500mm; 7T 765 iU TR 25 A1
JEER AT 4, K EA L 700~800mm, Hird /g . 13 H 2 4 oK
HANE] 600mmE, TRk 1L R A B IS %, SEEE IR 5P
SIRHN 8.6~12.1°C, Feéd AR N-1~3°C. PUEBAAET- /DN, T2 s DK 5255 K
ST BT BG4, AREBARR IR BRIR I, PR AR, a0 AR VLR T AR PR W R
1229.1mml8% . KARUE 1l A7 T AR ZE AR X, X S ERIE, 35
I 16°CLA L, EXJFE/KEN 1 300~2 000mm, il R EHATEE A%, 1E2HZF X0
I, ZHE A, I H AT & EARARE S S AR 5] R B4 S5 AR PR iR IR A
b, HGTEREHN. W7, WHZE 200dBY, /NEIE 1L ZR 30X AT T #
2 AR, %X AL S R, B R R BN, SRR 2 M, FEF%
K ETEIA 2076.6mm, SEXIAXTEEE 87.9%0%, il il R X AL T W HGH KX,
Hp RSN RS R R, PS8 10.9~15.8°C, H:F%
JKERN 1000mm ZEA47 5 /NE AR SRR I ZE RAR, F T8N 16.9°C,
SRR & ]k 1 600~2 000mml,
2.3 KEEIEBRARIFX

H AR TR X & NIRRT BRI H AR TR, IR BOF ORI T KL £
PR, WA RSB B ARSI, B SR T B AR AR A R G I v A A AN G ey
A BRI FH AR G5 T Ve ST AR K AR JE HLRD [ SR BE U 2R, ML 20 4D 60 FEALE S,
9)1128 3 BARPRIIX 166 4b, 7EDY)IH AR LAk R, EARGRY X 5 b
(34%), T II AT, ZAERNT YA A A R 7 TR 454 B 2 A,
TRPRBEM R AR X R ) H B RUAHER) 77, F B E AR RER R X &R
G0 EAE N R BB S AT J2 b 7 A SIS M R BB R e 81, R D )11 48 265 I vk K RE
TWERER, DY) T LA R S A S 32 ZORI 0 R B SRR X
46 A~ FHodr, REEANAR ST AR SR 1 B AARIP X BN e B AR X, HIRES
FI0, KAEFEHG S HLTHI AN 23591 9.0510% hm? Al 5.42>10% hm? 1271

H 20t 90 AEAR St 1) IR BHE MR AN RARRAR Y45 AL, MK VY 1148 K RES
HARRY X R se 2l T EEREN, HHA R T Y 2 PR AR
Pro Li 58 (2012) B FCORS BN K BERGAT St AR AR 25 A s i R B, 7R
PRI R RES B KA S TR S CAE S, DU )RS ORI X 58% (1) £ 411X 43 ik
o1 L ARARTE 25 A1 N%), Wei 25 (2020) 7EIFTT T [ KRB B AR AR 4 X A 2 AR
PR FEH, 5 EARY XA XA L, EARCRY X A SR PR3 R sk
DT REZHRB N TP, s 4 28 =k, SEPUUCKRER A & 42 & 2016
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EEP ANV A RN, BEE R AR XOR R P E K, RAEE =
(B FFHHEAR Y K T 45.62%I%4,
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F3% MESHE

BIFE MRERE

3.1 YIFh o 1H B

FIHAT NI, RECHkE T 1974~1977 4E. 1985~1988 4. 1999~2003 4FAll
2011~2014 “FFFJe 1 VYR A R BEAR A A . Horp, S5 DY R4 B R R i B AV e &2
T AT =R A E KRR TR A A I E R A T, R E N R AERH RIS T
B BRI Ak, KRR 0% [ A AT Pt 2 B DU IR A B K e TR 2 (1
MARZ—. fEREdRES, WE AR B EA. FARLESEE. £
S R BT 08 G5 % P AR R SRR AL S A s N T I R S e
(8 70 B R R OR B o &, 6 VR 2 (R) B 10 S eV R A T 0 o 5 5 1 0 AT
AP FERATIFFIX SN, AKIAE IR T & 44 Pl FL3hP01) 13 898 AN Ai
Mo AT 5RO AR S 2 8] 0 FRER OR R — 2 IR o A0 B
Al REAFE AR 22, FRAT TR B 5 X ] 2y 5 05 AT b R A2 B ] 2 A
[FE) 1 km <1 km Mg, IFEEREDIFER DS P E S A0 A BT
I AT ECR D AT B2 T MaxEnt A2 (¥ TR Ak 77 8 =08, FRATE— 2D LBR T AbEE
JE A AR T 15 . 2, AR 1T 23 MR FH T3P0 AR RS2 AL
R0 1 R FH 78 A 0k K HE A B [ 3805 S IR 52 0

X 23 MERRIET 4 H. 14 R, BRI RRS B0 K800 B K% &
AR EENHE SR IMME E N A EBEEN. B R E e
PSP (R 3-D. H, EFIRE SR AE 5 M, ERIHE SR
PEAE LR, AR, AEESG. RFEEF R E R LA 7M. A
{5 E AR I WG R 4T (44 55 (IUCND) R WG 25 0 k&, (EiX 23
AN, Wifs (EN) #IFR 400, Sfa (VU PIFfa 6 B, JEfE (NT) #pff
A 2%; Tfe (LC) WFhf 11 Fh (58 3-1).

2 3-1 BEFCIX I8P KRR M I R o A 25 2 44 55

Table 3-1 List of giant panda and its sympatric mammals in the study area

y " Mgy 4L SAiP=t
Order Famil Chinese Scientific name Protection ; Number
y name level IUCN of records

REKH R JIl4:424%  Rhinopithecus roxellanae | EN 207

T Macaca mulatta [ LC 51

R PG A% Macaca thibetana Il NT 330
W e R N Moschus berezovskii I EN 298

iy Eg Sus scrofa LC 1526

e s Budorcas taxicolor I VU 1842

11




F3% MESHE

B3¢ 3-1 BT DX I PN KRR B L [RIIg0A £5 9844 %

g Bl L4 2 4 fRbrshgy s A
: Chinese A Protection #°%  Number
Order  Family name Scientific name level IUCN  of records
_, Capricornis
14 A
R milneedwardsii I vu 914
HAEBTH Naemorhedus griseus I EN 1485
g
R et JiE Elaphodus cephalophus 1 NT 830
p p p
|
)E} gt Cervus nippon | LC 20
2=t
IKJE Rusa unicolor I VU 322
/N Muntiacus reevesi LC 80
TRHE R e Ursus thibetanus I VU 580
KRERERE  KREM Ailuropoda melanoleuca | VU 3406
/ANREFERE  NRESE Ailurus fulgens I EN 734
RAF} B Paguma larvata LC 28
s TERE Arctonyx albogularis VU 154
R} 7! Canis lupus I LC 19
in|8 Vulpes vulpes I LC 30
EOL ] Prionailurus bengalensis I LC 535
miik B AT ER HAERTEL Rhizomys sinensis LC 74
\E_;«[ S :i:_‘ V2
PR i%h?ﬁ Marmota himalayana LC 18
S F 5 Hystrix brachyura LC 121

BVE: G 1, EX-SESEPSY; 11, X HESEP . IUCN: EN, Wi
f&; VU, %f&; NT, iifé; LC: Tf.
32 MEHIEETEE
321 SIEHiE

M A B S WorldClim 2.1 Chttp://iwww.worldclim.org/) 3 BUATE 7T [X 15
PE 4TI 3 (1970~2000 4D FOASK AN P (2050s: 2041~2060 4F; 2070s:
2061~2080 4F) {5 K - WorldClim i 48 604 5 iR A1 B /K AH JG 1 19 AN EW)
SArAEE, ZRSHEE N 1kmP® (BIO1-BI019; % 3-2). iX4eay& B A B B K4
Wi S, TR w238 F 4000 43 A S FERH DG A A A s A 71 o SR 41,
TATEPEAE Hp B X3 )32 B 1 AR AR L MRI-ESM2-0 AT 4L 19 4N A=
PSR R T AR ) 7 Ao 0 TR, AT H M R GEEHSR T
PE1%: SSP1-2.6 Fl SSP5-8.5) K /mA KL = M BIHBOR . Ho,
SSP1-2.6 il &= MR HBOK E AR ER AT, HSUEoRie (&FKkaeE R M) KT
FEA 22 Hri A ) 3.0W/m?, £ 2100 4F R P& 2.6W/m?, i SSP5-8.5 & & i %=X

12



F3% MESHE

PRHERBOR FE fe i O 4%, HLBUsH e st /K 7 3] 2100 15 F) 8.5 W/m?298,
#* 32 BRI E

Table 3-2 Bioclimatic variables

/;ﬁi%ariables A iR Variables description fn%s
BIO1 P15 Mean Annual Temperature °C
BIO2 KI5 T34 A %22 Mean Diurnal Range °C
BIO3 ZEEME 1sothermality (BIO2/B107)%<100

BIO4 IR JE 2=V Temperature Seasonality °C
BIO5 IR H i =i Max Temperature of Warmest Month °C
BIO6 & A %35 Min Temperature of Coldest Month °C
BIO7 KRR % Temperature Annual Range (B105-B106) °C
BlOS8 B2 T 145 Mean Temperature of Wettest Quarter °C
BIO9 & T-Z=°F- 15 Mean Temperature of Driest Quarter °C
BIO10 B Z=F-3JiE Mean Temperature of Warmest Quarter °C
BlO11 A Z= 15 Mean Temperature of Coldest Quarter °C
BlO12 [ /K & Annual Precipitation mm
BIO13 % A %7K & Precipitation of Wettest Month mm
BIO14 B T H %7K & Precipitation of Driest Month mm
BlO15 F% /K 25 % Precipitation Seasonality

BIO16 B 2% /K & Precipitation of Wettest Quarter mm
BIO17 B T-Z=[% /K & Precipitation of Driest Quarter mm
BlO18 P24 /K & Precipitation of Warmest Quarter mm
BIO19 > Z=[% 7K & Precipitation of Coldest Quarter mm

3.2.2 Tt FIHEHE
FLINTF HE RS2 8 T R AT B A 3R 3 78 i i 70 A2 DL DA 0 295 4 (Finer R-
esolution Observation and Monitoring-Global Land Cover, FROM-GLC; http://data.ess.
tsinghua.edu.cn/> H 3R B 7 [X 35 4 1+ ) F £ . FROM-GLC % .45 10 4~
5 R A O B0 0 Lkm <L km AR &, BI#RHL. K. kb, A&
KES FH, FEARHL, UKEHL. BTarth . AKIEAIE R SEX 10 AL A FH 2R AU AR
1 km =1 km kg BT O AR EL I (3R 3-3). ARy B AT A ER RUZAX S5 R
JEAR ST I A ) B BRI Y, R0 AT A B A A s 20 R B R e
Pz —001, Sy 7 HAEEAR R 3, WTFI FROM-GLC %df A 3R H 24 i i 4
(2010 4E) AIAKEFHA (2041-2070 4E A1 2071-2100 4F) 31X 5 N A 3 B FIOAS [A) 3%
FH AT ST (SSP1-2.6 1 SSP5-8.5) 1) 10 /> LHiF| AR & .

13
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* 3-3 HHFIHIEE R E
Table 3-3 Land use/cover variables

iiﬂﬂﬁﬁ/@%%% AF B4R Variables description $4fj
Land use/cover variables Units
Barren Sic Hu A (7 L 41 The proportion of barren land area %
Cropland FEHh I AR 1 E 5] The proportion of cropland area %
Forest MRH AR A EE 5] The proportion of forest land area %
Grass E5 AR L The proportion of grassland area %
Imprvious A3 7K THI T AR () L 451 The proportion of imprvious area %
Shrub E AL EE 41 The proportion of shrubland area %
Snow-ice VK HTHI AR 1 L 451 The proportion of snowice area %
Ugs I T S THI AR 1 L 41 The proportion of urban green space %
area
Water K38k AR ) EL 1) The proportion of water area %
Wetland IE LTI AR T E 51 The proportion of wetland area %

3.2.3 TEHIL

N T R IR AR B A ) 22 B R A i, FRATE RN B /R b A 5 R 2 (Pearson
Correlation Coefficient) kX Fik 29 NFAIEAR & (19 MY &AM 10 4>+ ib
FIFHAR &) AT RO, 3@\ A Pearson ¢ REALERHE KT 0.7 A B EA
TR TERC, R, ASHE 7GRk H Pearson FHOE BB LA NHE /N 0.7 IFREAR
B H T @Y AT
3.3 Yo miRE

VIR AL R, FLE ) 5L (40 MaxEnt. 3958 [ AR AIFEALARAK) @
WARTEET A ERS, ghah, 5HEABTEA LG, MaxEnt B2 (1 TR0 5 AH X
B0, I BAEAS TH RN R TE AR 40 A7 Y AR A0 7 T AR B R A0S, Rk, TEAHIF 5T
L FRATE R MaxEnt 15528 Sk T O RE A K I [R]85 43 A R A 24 Ji A0 AR SR A Al 1
R S5 A T B 2 AT VG

PATE FHAZ XIRAIE (cross-validation) 77 v X 188 8 (400 A& 00 B2 4047 VA, B
MECHREE HR BEHLIEEL 70% M504 F TRZL I ZR, gl ) 30% )£t H T 5
SR TR #h 28 R i TH AR (the area under receiver operating characteristic curve,
AUC) W0l DUZ bR Pl A B A LB . 2 AUC fEHE T 1 B, AL Tl
IR AR AT RO, of TR AR, FRATRE Bk A XA SIS AR S 4T 10 1K, BRIk
TSI 7 230 MERL, X TR, FRATEEAH MaxEnt BRI bR fE T H “ A
o3 EEoTiR 7 CRIREAN AR BRI (R A0 TR D SR PY-Aik Mg A R = b R FH A8 550
KRB S L[R]30 A WA o3 At RS2

FEMEIEAT b, JE T U255 1 MaxEnt #5084 >R T AH 7 [X 35k o K RE A A e [R]3ek 45
ATYIFPLE 2T A DL AR SR [FI R 1] (2050s. 2070s) AN 4t 25 8 B A2 1% 5t

14
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™ (SSP1-2.6. SSP5-8.5) Ml S & ek, Fik, Xt TR, RAE
F 10424707 (10 REED F1 40 MRk (10 IRE S < 2 MEFHA>2 A SSP 1550 #l
S FE AT R BT AN R SR AT B 2 T B0 A A A E M, FRATTR A
Araujo & New (2007) FIH{i L& 7okt 5L ANt 18] N B A S 5t N B0 Fh
R — R AESE EERE . X4 KA. 45 7€ BN SS E 11 5, R4
A AUC {EA/E NI R R TH X 10 ANAE KB E AR 2R i FR0I (17 A= B 2 P
B BEAE A SR T E R0, i, PUX 10 ANA2 X UERE Y iy = A= 1) 4845
R U AR 1 B Kk (maximums model sensitivity plus specificity ) BI{i )
PIMEAE N SAR R, R FRAEAS [R] ) B A 2 o B M B A 4 D e A AN
& IX PRI — e A B

3.4 Geit o

341 YMBEEERS M

B TR YAPAEAS FINHH N B E B RS B R A, SR Zhang 5§
(2015) [T v 00, FRAT A FH A A s o Bt A AR S A A8 A0 AN - b R FH AR 4K
XE A 3 A 9 B RS2 = O A S b S TR AR I AR A2 4k 6 (the relative change rate in
total area of suitable habitat, CSH) F1 4 §ijid B A St 457 25 % (the percentage of the
loss of current suitable habitat, LSH). % — N EFrR @ Y00 £ AR KBS BA P AT LAy 5L
FleifE M EN (B #EED, HatE AT
AREA,.. — AREA

CSH = x100%
AR EAcurrent

Herb, AREAutwre A1 AREAcurrent 7373 I RAE AR AL 24 B A5 2 AR T 13 BV S 3
THAR . CSH A HUE L 9[-100,100], A fEL o= Wl )3 AV A T RO 2 k2D
CBA A Y B 4 /0D 5 i I AE U 7 P O A 2 2t T RURE 2> 98 CRI1 A Ve F
P RDo A TEARBOE VR ASBE B 24 1 I B S B DA X (RT3 i
X0, HitE AR

LSH =[1— Overlap(AREA e AREAcurrem)] <100%
AREA,, rent

Horr, Overlap(AREAsuture, AREAcurrent) 7 7= P00 ££ 2 SR AT 24 HIF IR 30 5 3 ‘o A9 G e ) =2
SR LSH MHUE G I P4[0,100], HAB R SR WA VDML 24 HIF IR 0 3 B G 2
HEPS SN

130 S I ¥’ 22 Y W/ & L N7 7 i 117 81 D25 o s W I G e S
() 7 ) SR BE, Fedi 14 R B h40 ‘rgeos’ 1A ‘gCentroid’ B0 il it &
2 F AR A B A Sk B3 A ] A AT A R AR AR SR P A OE G S T R
O AT BEES . [FIR, S 7 BB A A Y B AR I 7 ), JRATTLAIE
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F3E MESEHE

R BE B8 (1 IEE R n Y Rl & B S b ) A6 A2 3, T LA AE R R M R RS B0 .
342 MIMEEETE I MIERE

NT B A SR S AR AR R A e ) K RE i R R 3sk oy A  A P Rl
FERIRZIA, AT RN P F0AEAS [R] B 3T P 403 B RN FEE B A 2 b oy A B 2 Sl i3k AT
B0, A5 HAS R A P K BE A A RIS A M = & B A . FREAE LRl
by DUSHTE IR B AT REAE B, T SRS AN [ A AN ) A
1 5= NI AR E R IR > 2 LR AR AR 2R
3.4.3 ERIPXFRIPZEREI D H

N T AR AR AN R 254 R R SE R X, X T REANME R, R
IR Xie %5 (2022) W7k R MM 8 AN AT 99%E X [H, If
P BAS DX 8] LA DX 38 2 AR S 9 X CEDARp 3 B s e XD o AR FEIL S i
P X IR T VE G F A AP 1) TR EOGE BIIX 3, B4R =5 R R X3k
2) [HAREMIX S, BYFp = B r) IR, ghah, 7 a8 2401 3 2R R
A ZAE ARG AN R F 2% At T 5 K e e LRI 38 o A W F (0 R4 2k, 3R
ATTHE B s AR S OR AP IX R 4 1 B AR RS X AR RN IA g AT 20, LABAHR 1 470
H SRR X A4 R [ R 23 12
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4.1 TEixtF

T E R RIS d e BIR 29 NI ARE (19 NMEYIREAZEF 10
AR AR TR E, BRAVRE T 8 NI E R EY R Ak A,

BFEEFSE (BIOD . HEZFETE (BI04). Ff/KE (BIO12). FFKZETE

(BIO15). #rHum AR ELE] (Cropland). ARIBTHIAR I LLE] (Forest). JEMIMAIH)
Eefsl (Shrub) Al s g AR B bef (Ugs) (B 4-1),
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Fig.4-1 Correlation analysis of climate and land use variables

42 HERWINESHERTEWENEEM

£ Rstudio 4.1.2 hix A 11217 MaxEnt #5584, FEAHH 230 TARRHIE 28 T (i
L CAUC) fEFRVPAL T Y0M A B LG LR . W4 SRR B, 23 MR )
¥ AUC fii 0.854+0.052 (] 4-2). X UiHHIZH T IE SRR MaxEnt B 840G 200 R
0, FE AT 45 R T EE
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