SNV W iR

T35V oy B 18] 132 A RE 2 Z WR A4 . T KB VR KGR A9 L SE 6 AR Y

i3 FR A 1) s A COF ST B A B R A T AT R W SR T LA
Oy M A5 O BLLL— A R 0 05 X 1] 3 O R B AR AT FE 0 T ST N Sk B R Y
BBt .

TR Al LSS i al LA S . 45 RN N E R A
5 OENAERAETE NETEHAEAS . B RRKREN
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ZE5 o G X IR 2 S A U B4 L AR R R L BB 2R — S =

ASPEE So B LG 5 B 0 S A B — B SR AL 5 U i S 4 A L VA 94 5 vk
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o BRI R F RERE P N A e 55 1 L BT B A B B AR S R T A 2 Y
HiEGE

o5 Z AW R RIR N AN
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= 7

B S ST — BB Methodology” 5 Methods ™ 47 i 5 i Mate-
rials and Methods”, H H W, 5002 & R & 8 b o] Fp L 56 7 v BOR T Bk A5 18 SCrh iy 45
S JF BT DUE ik 5 A DL b O kL AR A A [ B F SR A AR AT TR 9 45 SR T Sk

T4 S AR B R 2w UL AR A . ) AR B AE LA R LA

Lo AT S il e st e . AT AL PRS2 18 SCRE B B I EE N R 2 — . X R EEH X
FEAEFE o 00 HERA A AT . FEAR TS SRR B B RS AT RE R I R AR AR TCK . BT TE R
B S A VB UL B i A A 43T R AR T AT AN L B T DL

2. BEIEOEMW . J5 DXL ER Sy A HNTER SRR . B WA 2
o RS SCE AR R A, R 7 AR A R . AT I S — TR D I A 02 L X
W NARIRERRAEEN. ENSEMER. ZHNHE - FEINEWN“EHL”., X T
W2 T AR A U A ) T b K 2 138 SCHE S S8 491 o A 552 B v = REUA I R, AT A 2 S BE
[ ESIE N = SR

3. S EEL R, JREWESR FM L NEE B FR RN SRR AEAR 2298 3007 U A AE S R 1T
2 EE MU J7 1 B “Who, What, How ., Method of data collection, processing and results a-
nalysis”, H,Who 3§ i) 2 W} 9% % £ (participant, 8¢ J& study area, study case %) ; What §§
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B B0 HE /A B (materials) s How 38 B9 & 32 56 4% T (experiment design) , Bl 4 AN ¥R 5 22 [0] i A1
HIRZF . BT LAl B 50% R — 808 e B 5 Ak B J7 ik A o F—— 08 o0 A 5 45 R AR
9T 1R R A B AR — s M . X Ah S5 sl s B R 7 X 5 IE SO e A JU R 4
RAE R ST B AR N . KA R T 5 VR AR A3 T 2 R A S O — b I A B 45 32
B AR T R AT R R I

Ao TS EIE I PR RS TE G o W) FE TR Sh A A0 BE TR IR Z AT A AR H AR T
B8 R AR VR AL XA AT LR S AR Z Hi iR . Bl A0 Science of the Total Environ-
ment TEFHG 46w ZOR F) .

Material and methods - Provide suf ficient details to allow the work to be re-

produced by an independent researcher. Methods that are already published
should be summarized , and indicated by a reference. 1f quoting directly from a
previously published method , use quotation marks and also cite the source. Any

modi fications to existing methods should also be described.

) A 25K A AT DA AR 2 0 P4 5 p P 48 2 Bl W0 Land sca pe and Urban Planning -

Methods - 1 f your research has a geographical focus, describe the nature of
the landscape setting with regard to location, scale, and other essential informa-
tion , including a map and /or contextual photo as appropriate. Provide suf ficient
detail of your approach so that readers can evaluate the credibility and rigor of
your work with respect to research design ., sampling and data collection . statisti-
cal power and precision, statistical analyses, and other procedures. Except for
common statistical tests and procedures, steps in your approach that have preced-

ence in the research literature should be suf ficiently referenced.

WAL L Z 0 T4 e 4 F I SR A WE T DL B Oy B L T R OO M B A 6 L RBE N
e A T il PR B S [N B AL O v A 1 A Y CRlVRE R A B B RS
B Gt oy B LR e T DU 2 0] LLPEAG % TAE SR o8 e h i o] {5 B A ™ 1 .

MIRIE A — B T, 40 Nature Communication 77 385X 9048 full text Z4p; 1% F
Conservation Biology il ALBRE T 4 SCF BRI 2, A $ K 0 T 07 63 4 iy LA ESK .

AU B AT A R O R A B AR R R . R R T T O B AR RATE
AW PIZORMATIE N A AT ReR 2. W FIRAIRAMEE B m i n 2SR - S
PRS0 SOM G B & REHTIS SO IR MES BT .

5. MEEE IR, A EEL B R S A RE AR S S EFER.ESH A
TRVE IR AL . )53 L™ 8 200, FLaE X A 152

6. FfHF(Appendix) . 3218 SC SR R R, —Se 6 58 BT A9 b A) O B L AR AT A
R N A AR B SETEAN U R L 38 5 VR IR 52 . ok SE R AN R T8 SCIE 3
TR 43 AR T8 AR T 13 43 i AT A2 A AR R N T B Y . W2 AR S VR 20 I R E A%
BB AR A SR N U K B 2 Fh Oy I R 06 2T S I DG R D BRORT N 2 A R0 R
AR BARINE RS B E T E & R BT SC B R E.

WIFH AR BRSO R RS SR TR M G EREARF S M ER T, ARAMEE
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1. Evaluation of water conservation function of Danjiang River Basin in Qinling

Mountains » China based on InVEST model ©(EB43)

2. Materials and methods —Methodology
2.1. Study area —Who(WF 52X 4/ X 380D
2. 2. Evaluation method o f water conservation function —How (S %% 11)
2.2.1. The InVEST water yield model —Step 1
2.2.2. Calculation of water conservation —Step 2
—What+ Method of “what” analysis 8 I5 5 ¥ &b
2. 3. Data source and processing method )

2. Identi fication of urban flight corridors for migratory birds in the coastal regions

of Shenzhen city based on three-dimensional landscapes® (R4

Data and methodology —Methodology
Study area and data source —Who-+ What (B 53 % 42 / X 38 -+ $0 38 15D
Methodological framework —How (525535 31)
Identi fying ecological security sources Step 1
Three-dimensional landscape resistance parameterization —Step 2
Extraction of key ecological corridors —Step 3
Calculated empirical abundance of birds Step 4
Model evaluation —Step 5 56D

XS E ) 1 AV 2 AT L B P AR DRSS R b R AR [R] L BEAE T AT TR G B R U
Bl Ak B85 o3 B L R SE R B R BAR AP IR

B AL A e A AR — S 22 57

(1 S T B ARG Ak B 3 . 91 1 45 b 30 0 AR A — bl T 5 B 5T X R 59715
1 2 JUPRE I 5 0 52 55 KR RS 0F R Rl — 303 o D AE Ak pe e Wy )BT T A A N
AR B, 451 1 v A 3 0 A S 0 A R AR IR — T R R AT T A B T R TR B M R B
X R HE Ak B AR AT A — RE (9 R . R X A L A s B AR
B 1 BRI I3 A D — A /N B AR DA X BB R ke O Bk B A A

@® Li, M., et al. , Evaluation of water conservation function of Danjiang River Basin in Qinling Mountains, China
based on InVEST model. Journal of Environmental Management,2021,286, 112212.
® Liu, Z. ,et al. , Identification of urban flight corridors for migratory birds in the coastal regions of Shenzhen city

based on three-dimensional landscapes. Landscape Ecology, 2021, 36(7), 2043-2057. doi: 10. 1007/s10980-020-01032-6
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JG =AY SR T . )2 A R R B0 A U B AR AR B Ok
P ORUEH B S AT SRR AT LA T, R X B B AE TR S A AP RN R —FE B T R
ES

() KT LI BT L PR AL 3, ) 1 b, S B & T P PR A — T T
PURIGE AL Je 1T — PR /7 0k o A D IROSCRES A B, 2. 2. 1 39 J2 R I R PR TR ) A 249 (L 4
SRR A2, 2. 2 1 RAE 2. 2. 1 19 Bl AT AEAS G, RV T 4 348 e Ak BN AR R S A5 )
SR . XPER TR 2 B R B KRR R TOREOCR T . R A I S04 377 Z 18]
fR 32 B L X TR A3 2 T LS IR — RO i . ) 2t SRR e T 2 A S A R
BB RIEUT A EE R, 2 EEE NS R RA BB RESCR . JFH B 2
W R 2 A T5 1 B — A D R AT 5 Z R T I i B R A

K TANTEMEAL TR, 0] 1 B AW R A RN R RX — My N i) 2 A . 78
B AT R P AT SR AR B Y T AR I B — AR L AE AR UL IR O R AG 4 W] LA 1
PR IE SCHTTE A5 SR A AT SE e DU R 2 o 2R 38 SO 18 5 M B G AR A SR AR AR T JE 45 21
R RE b A 35 U3 78— 5 R 2 Rl P AT DAAS: 380 1T 5 P 8 0 4508 5 IR 4 2 A5 3 T Y X
Z R 0 7 ol w1 = R N TP SR N7 o

P PR MR SSCLIg UM ek A TR —M 1 Land Use Policy -

3. Spatial coupling dif ferentiation and development zoning trade-of f of land space

utilization ef ficiency in eastern China (B4

2. Materials and methods —Methodology
2. 1. Study area —Who(ffF 7T 5t 42)
2. 2. Methods —How (S50 11)

2.2.1. Multi-dimensional measurement of land space utiliza-

—Step 1
tion ef ficiency
2.2.1.1. Analysis of land space utilization system.
2.2.1.2. Evaluation of land space utilization ef ficiency.
2.2.2. Calculating land space utilization ef ficiency indices —Step 2
2.2.3. Tradeoff judgment method for land space zoning Step 3

2.2.3.1. Tradeoff analysis framework for land space

development division.

2.2.3.2. Analysisof the potential ef ficiencycontribution.

—What-+Method of “what” analysis CEt# I 5 %k
Pl 4k 3

2. 3. Data sources and pre-processing

2.3.1. Data sources

2.3.2. Data pre-processing

@ Liu, J., et al. , Spatial coupling differentiation and development zoning trade-off of land space utilization efficiency

in eastern China. Land Use Policy, 2019, 85, 310-327.
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JUE R SR AEE R R F B2 — 28 SSCT i 5 SCI i SCIE F WA B /E A &R
ZHRZAL . B3 56 1 G 2 RO5ER AR T B EAESB ., B 3 Lkt
AL BRI Sy AR AT AR . AR S MR 2B R X AR R o BRI A B, —
TR TR TAR R TESE AN G 55— 7 W i 1 S i BT, Fi5 b, — SE PR
T r B ML e 2 AT P 2 = R AR RS

4. Reduction of industrial land beyond Urban Development Boundary in Shanghai .

Di f ferences in policy responses and impact on towns and villages P GR5)

3. Materials and methods —Methodology
3. 1. Data sources —What (5 48)
3. 2. Research method How

1 4 A5 A TR — SSCT T BB 5818 3C. T ik i BB A5 0 1~ 3 #H L A 5 W iy
Zesr. HITEEA I SR EAR 23z —. Hd, 301 WEE R 3R T R
TROIWTTE R ITEIEAT T S A L BRA T 63 7R W AT B O A L A N A TR KRR
Je 2 /D AIEAR MBS . 3. 2 WA TR I T BRI SR IOF T I, AR R X
S NFEAT T A 208 S TR 5 LA KON WA A T 26 445 53 0 T ] 4k B4 ) S50 AR S A 1) b BE N 2
A SCHE 7 8 03 B AR bR B0 TE T 4540 55 2 4, T2 00 5 T 20 B 3 S A LUK 58 Al
7 AT ATVE R AT AR

i3t SCT 5 SSCI & 35 2 58 73 5 VR S ) LU 45 W] LAAS 1 W0 3% 2 [a) B A 3L /] =2 Ak, A7 78
A B2, V5 NARYE B SO ST LA N AR A8 30, S4B 5 2 G S 1 ) B
IS VES RN, AL B T S 52 5 98 4 7 A4S 25 R - (Ol 381 A5 5 15 e 301 T 200K 3X 2 18 SCRE B
B RRMEES I, (2) 2R BRI P8 B 2R 2 R 8 B AR 1) B e kR 1
BR SC, R A1 T 5 I8 SCE BRI S 1R I AT & B 21

S5 YT TE I TR WG S 22 J7 1 0 S0 20 BRI S AL BV D7 12 9 43 AT sl i R S A N OT K
IR o] 3 o $2 20 B O v DR B S A B AR TE e 7 1A ) S

5. Identi fication and scenario prediction of degree of wetland damage in Guangxi

based on the CA-Markov model @ (43

3. Materials and methods Methodology

3. 1. Research content A summary

What+method of “what” analysis (54 J5 5 %%
P 4k 38

3. 2. Data source and data pre-processing

3. 3. Research methods How (5L K% 31)

@O Zhang, Z. ., et al. , Reduction of industrial land beyond Urban Development Boundary in Shanghai; Differences in
policy responses and impact on towns and villages. Land Use Policy, 2019, 82, 620-630.

® Zhang, Z., et al. , Identification and scenario prediction of degree of wetland damage in Guangxi based on the CA-
Markov model. Ecological Indicators, 2021,127, 107764.

e 9]



M X EETTE TN

3. 3. 1. Selection of training samples and test sample sets for .
intelligent land cover classification methods Step 1
3.3.2. Extraction of humidity damage degree —Step 2
3.3.3. Analysis of wetland driving mechanism-geodetector —Step 3
3.3.3. 1. Factor detection.
3. 3. 3. 2. Interaction detection.
3.3.4. CA-Markov model —Step 4
3.3.4. 1. CA model
3.3.4.2. Markov model
3.3.4.3. CA-Markov model
3.3.5. Wetland future scenario setting Step 5

AL TR O R S R R AR I T R L SR BT DL R RO /A R AL BT k. BAR R R
F4 322 B AT 2 320 0 ) S R T R T AT RO B N AR 2 SRR R . X LR T AR
AR BAR B — A 2 . e H S R E E R BRSSP A R S
(R AE R

ZLMFERECKERALT R TIE, EAREERE TG A Cie TR I 5 ik
WRAr T2 BT EFATTRE B X 07 5 TR0 1 25 A SEAS S R L M — S SR SR 51 R AT AR IR A

oM. AR RE —E A BEZRUR .
6. Construction and optimization of an ecological networkbased on morphological spa-

tial pattern analysis and circuit theory PG4

(1) B R 45 1) 12 4

Materials and methods Methodology

Study area and study species —who(#F 5% X 38 + % 4
Data sources —what CE 4 )
Landscape pattern analysis based on MSPA —how(SLE -3 1)
Identi fication o f ecological source areas of Asian elephants —how(SLH - 2)
Construction of the ecological network —how (SL 5 ¥ i-4 B% 3)
Optimization of the ecological network —how (LRI 5 O

2 45 K6 38 BEL T T L B A BRI IR R ST R N E MR LR E ETFE S
(2) 45 ¥ 4 G5 4 1) 32 4 5 A B0
1. WX 2 (Study area and study species)

The study area is located in eastern Menghai County between 98°28'E-100°40'E

and 21°50'N-22°17'N, which is the first region to include a group of national lev-

@ An, Y. ,etal. , Construction and optimization of an ecological network based on morphological spatial pattern analy-

sis and circuit theory. Landscape Ecology,2021, 36(7), 2059-2076. doi: 10. 1007/s10980-020-01027-3
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el ecological protection and construction demonstration zones in China. The study
area includes five towns, Mengsong, Menghai, Menghun, Mengzhe, Gelang and
Hani towns, which have a combined area of 1873.61 km2(Fig. 1). Its land form
is mainly characterized by mountains and ravines, and the highest point is Hua-
zhuliangzi in the west , with an elevation of 2429.5 m (Cao and Zhang 1997). Al-
most all rivers in the territory are part of the Lancang River system. The study ar-

ea has a tropical and subtropical climate that is af fected by the southwest mon-

soon , with an annual average temperature of 18.7 °C and an annual rainfall of

1300—1500 mm (Liuet al. 2018). It has obvious vertical variation in climate char-

acteristics because the territory has high mountains and deep valleys.

The study area is rich in animal and plant resources due to its geographical lo-

cation and climate characteristics (Liu et al. 2002). Forest land and plantations

cover 60.07% of the entire region , and the primary vegetation types are evergreen

broadleaf forest, evergreen needleleaf forest, evergreen broadleaf shrubland ,

tree orchard and shrub orchard. There are many national key protected wild

plants, which are represented by Alsophilacostularis, Paramicheliabaillonii,

Horsfieldiakingie, Toonaciliata and Gastrodiamenghaiensis. There are also some

rare and endangered animals represented by Neo felisnebulosa , Presbytisphayrei,
Pavomuticus, and Elephasmaximus.

Among these species, the Asian elephant (Elephas maximus Linnaeus) has

been listed as a national firstclass protected animal. Asian elephants are large ter-

restrial herbivorous mammals o f the Proboscidea that are especially vulnerable due
to their wide range of activity areas (Steinmetz et al. 2010). Because Asian ele-
phants have more dif ficult adapting to the ecological environment , their distribu-
tion range is decreasing. With the destruction of forest vegetation and the increase

in human threats . Asian elephants areon the verge of extinction (Blake and Hed g-

es 2004 ; Gagnon et al. 2010). Currently, they only exist in some tropical rainfor-
est areas , such as Xishuangbanna in Yunnan Province (Liuet al. 2017a). A varie-

ty of factors, especially human activities such as urban expansion and farmland

reclamation , seriously af fect the natural habitats and movement of wild species
(Lin et al. 2008). Therefore, the protection of the habitats of Asian elephants is

vital for their survival and reproduction.

IS SCHI BN G d i B I G . PRI GE X G o AR SO e T R Y R
DEWT T AEAT AR E R IR AE T A A e 63X — W B B0 50 00 08 SCRAT A KL RWF T 9 B Y
771 SRAT Ao JROSCH TR RN 7 J R T 5L B A C &R . AR

B — B AP X SEAE B LA M PR AR AE L 5] R B8 B BT K Bl B PR T
A& F WY 2 OF 5028 3 LA . 55 = BOS BRI AR SO S R O Y S W)
MG, BT Z ARSI A Y R AR R AP AR R S I H e R E R
AR IO A A BT I TS« i BT A AR A U0 B A A A PR B AR B LA R AR
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B/AMY,
=B I ZUR N 2R 2 R SR AT 5T 2R B ) ) TR SR T RS2 A, — P 2D b 5
ISR G I B T 8 O B . T R AR T R 2 iy i) 4] BT IR — . /R
e TR E] AR EICR,
2. B8R (Data sources)
Four periods (1990, 2000, 2010 and 2015) were selected for the analysis of

landscape connectivity change in this study. The land use data were downloaded

from the Data Centre for Resources and Environmental Sciences . Chinese Academy

of Sciences (https://www. resdc. cn/). According to the specific situation and

principal purpose of our analysis. the land uses of the study area were divided

into six types: forestland, grassland, farmland, wetland, residential area , and

plantation. Finally, the land use data were converted to raster format with a cell

size of 30 mX 30 m.

OB TR 8 R A — B A B A . AR S AN T A AR B s ok U TR B i T
PR T i S B 7 AR SR B ARG . B AT R L R IR TR .

3. KT (Stepl-Stepd)

Stepl:Landscape pattern analysis based on MSPA

Based on the mathematical morphology research of Riitters (Riitters et al.
2007) , combined with a mathematical morphology-mapping algorithm developed
by Soille (Soille and Vogt 2009), Vogt proposed a new method for the analysis of
landscape connectivity—morphological spatial pattern analysis (MSPA) (Vogt et
al. 2009). The MSPA method can extract seven pattern classes at the pixel level ,

each of which has its own ecological meaning (Table 1). The morphological anal-

ysis method was specifically designed for geometric description and patch associa-

tion and can be applied to digital image analysis at any scale (Vogt et al. 2007).
Therefore, MSPA provides a new method for landscape analysis from the perspec-

tive of structural connectivity (Vela 'zquez et al. 2017).

In this study , based on the land use maps of the study area, forest land was
used as the foreground for MSPA , and other land use types were used as the back-
ground. The setting of the edge width, which represents the size of the edge
ef fect produced by the patches, canaf fect the number of cells defined as the core

area. Edge ef fects are important ecological processes that are closely related to

species habitat protection (Paton 1994), community dynamics (Fagan et al.
1999) ., and ecological restoration (Loveridge et al. 2010). In this construction of

a regional ecological network ,the edge width was set to a default value of 30 m,

which can meet the needs o f Asian elephants in the region (Sampson et al. 2018).

The total area of the research region was relatively small. Therefore, the

scale of the cell size of 30 m X 30 m preserved the main landscape elements of the
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study area to meet the data accuracy requirements for the research (Pascual-Hor-

tal and Saura 2007). By using the eight-neighbor rule to per form MSPA , seven
nonoverlapping pattern classes were obtained. Finally, the core area was used to

calculate the landscape connectivity.

A B A SR BT A S — A 2D PR R G MSPA J7 ik AT SEAR R b . BB
WG AEE AU (DS — BT Ik m AR . R T MSPA J7 i & —Fh
BT T TR AR R AR B AT BA . AR B AR T TR L 9 1 MSPA JF
ETEABEFE R E M AT AT (258 B E— B G4 T MSPA J7 i Il 7E A0 58
B Z2AR T e B IR IR R . DA D BIVAEE [ — o 753k« A S [R) B4 BIF S A9 ol T v o 2 A7 7 4 22
5o (O ZBUNAEE RGN A HARS BB B 45 i BRI BEW ol 08 0T 5 5 0 2 1 I8
WAL, DLIE S R b =B R R R TN A AT — SRR R — A
WS Te ik B T AR

Step 2:Identi fication of ecological source areas of Asian elephants

The probability of connectivity (PC) and the importance values of the patches

(dPCs) were important indicators for measuring landscape patterns and functions
and can better reflect the connectivity level between the core patches (Saura and

Pascual-Hortal 2007). The Conefor software package. which can calculate the

dPCs, was used to evaluate the importance of the core patches (Saura and Torne’
2009) as follows :

In this study .the distance threshold of the patch connection was set at 500 m,

which can ensure the successful migration of the Asian elephant (Zhang et al.

2003; Liet al. 2019). The connectivity level of the core patches of more than 100,

000 m* from 1990 to 2015 was quantitatively evaluated. The core patches of the 10

highest dPCs were determined as source areas for the development and reproduc-

tion of biological species.

IR Beik ST LI B EE APIR . b TR SR AR A D R A R Y
BLAly AR R X AP IR 1 B AR A AR B A (DS — B T A AR B U v A
FEREIC T PR 5 bR o e ARG L LA St B A B L RO R A PR AR R B TR
THOLT S FEW BBV BRAE 2 BRI e T ZAR MR F A . A7 LB 00 a8 5 2t — 2B 4R AR
FI B R B AR e . (258 —Boi B T i o S 80 B B O, B4R BB IR DL 2 7 3
WRLEZE SR . PBCE A2 LR R SC R RIS AWTTRA .

Step 3:Construction of the ecological network

Landscape resistance sur faces , ecach cell of which should be given a resistance

value, are essential for the evaluation of landscape connectivity (Zeller and

Whiteley 2012). In this study, the land use classification was selected as the re-

sistance factor , which had a signi ficant impact on the habitat selection of the Asi-

an elephant ., to construct the resistance sur face. Landscape resistance refers to the

dif ficulty of species migration between dif ferent landscape units (Poor et al.
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2012). The higher the suitability of the habitat patches is, the smaller the land-
scape resistance to species migration (Wang et al. 2008; Huck et al. 2010). Ac-
cording to the level of dif ficulty of dif ferent landscapes for species movement ,

dif ferent resistance values were assigned to dif ferent land use types to construct

the resistance surface of the study area (Folte'te et al. 2008). Some studies have

shown that reductions in forest land directly reduce the available habitats for Asi-
an elephants , and the resulting habitat destruction and fragmentation will further

af fect their migration (Chen et al. 2016; Liu et al. 2018). Therefore, forest

land is extremely important for Asian elephants and was given the minimum re-
sistance value. The resistance of the plantation was slightly higher than that of
forest land due to its single vegetation type and weak ecological status compared

to the natural forest land (Liang et al. 2016). The nutritional ecology of Asian

elephants indicates that they prefer grazing rather than browsing , so grassland is
always selected by Asian elephants for feeding (Saunderset al. 1991; Sampson et
al. 2018). Modern agricultural protection measures have made it impossible for
humans to share farmland with Asian elephants, and the conflicts between people
and elephants on farmland are becoming increasingly intense (Fernando 2000).

Therefore, farmland was given a high resistance value. The values of the specif-

ic resistance assignments are listed in Table 2.

In this study, the degree of landscape connectivity was expressed by the cur-

rent density. Circuit theory can be used to predict the migration path and the prob-
ability of successful population dif fusion (McRae and Paul 2007). It is linked

with behavioral ecology by the “random walk theory” in the connectivity evaluation

model. This model regards the landscape as a conductive sur face and treats species

in complex landscapes as random walkers (Mcrae et al. 2008; Cushman et al.
2013). Thus, the heterogeneous landscape is abstracted into a circuit consisting of
a series of nodes and resistors, where the nodes represent natural habitats (Mcrae

2006). We used Circuitscape 4.0 softwareto per form the circuit theory calculation

and out put the current density maps representing the degree of landscape connec-
tivity (Shah and Mcrae 2008). Table 3 shows the ecological significance of the
circuit theory elements.

To better reflect the situation of landscape connectivity and identify the de-

gree of importance of the ecological corridors ., the Zonation model was used to per-

form pixel-level ranking based on the principle of minimizing marginal loss .,
which iteratively removes a certain number of grids from the current density maps
(Moilanen et al. 2005). This study chose the additional benefit function (ABF)
removal rule. The top 10% of grid ranked by the Zonation model were identified

as key corridor areas.
Vb = BORSC s i s =R, R AP REE T EL R R R
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LA EARESE LR . AP IRZ A R AR OC R AU W . 28 BRI T o R I AR
R AT AT B X A K AR IR R ARz R XA R B L IRk i — T = A B
VEZ BB CER (DR Construction of the ecological network H YR EN=FH B E
SR BRI ey N7 A S 2 () N = BOE A AT LA A o A S R T = AP RR
RV EE ~7 “PH J1 T construct the resistance surface” .3 JH“H B FRiE Circuit theory” 22| B 18 . X
R AT were identified . =B AKIRRFEE R IEE I CR .

EFR—BWEENE, BRNE (D5 — By i a) iG5| H A B i gk, RS20 B 7 i
S S B 3 TR 5k . LR L) T B 8 S5 W BEL g T RN A 57 BEL 7 TR L A 45 i R BH g TH Y 9
T R FHRE 7 T 5 36 0 B R DL S e T SR B AR o 55— B AR SR T T A8 4 R o
WEVEZ %, (A H ZBoE ) By | A B 5B, RISl B R "I O ik . SR )5l
BNz ENE AN RB ARSI, ) =B @, g st Bk T
IRBNHERR B By ROk SRS TR A R R

BT IR A DI AT RE S R I XS A AL B A T BN NS . FThE
FiEHah RN TEERARYAFRPC LA S T AR ES RA R T E0H
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FE G R A R A AT RV BRI IR S R . 6T BRI AR AU RSO A 2L IR T A E A R Y
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Step 4:0ptimization of the ecological network

The optimization of the ecological network is chiefly based on the improvement

in landscape connectivity (Kavanagh et al. 2004; Noss 2010).,including the in-

crease in steppingstones and the optimization of ecological corridors (Linehan et

al. 1995). Corridor optimization includes the increase in the number of corridors

and the improvement of their quality. Inthis study ,to improve the landscape con-
nectivity of the whole study area, four core patches located near the breaks in cor-

ridors were selected as steppingstones. Then, the ecological networks before and

after adding four steppingstones were compared.

RESRA T “ =AML 2 Construction of the ecological network” ,JF 4T — U H 9K =2
“HEBMEAAL Optimization of the ecological network” | o T X — s, FATE0 LG H
“Construction and optimization of an ecological network” J I A HEWT H S ), R IL T A8 3¢
TEGAVEIr o i) T M 2 58, 58 H 0N G0 SRR AR 5 e 4 T A AR R
T » SR I 2 B 3 1 S e — AN T T i IR/ B R BRAR T BRI T i

In summary , the construction and optimization of an ecological network based
on MSPA and circuit theory requires four steps (Fig. 2): (1) the target land use
types are determined and extracted and then MISPA is per formed on the data u-
sing Guidos so ftware to extract seven pattern classes; (2) the conmnectivity of the
core patches is analyzed and the source areas of Asian elephants are determined ;
and (3) resistance surfaces are constructed and the cumulative current density

maps are out putted using source areas and resistance sur face based on circuit theo-
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ry. Then, the level of importance of the corridors is classified according to the
Zonation model ; and (4) the optimization suggestions for the ecological network
are proposed , and the ecological networks be fore and a fter optimization are com-

pared.
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DL B B BE R 4 R ek KR L (a big view)

5. Nature Communication : Topography and human pressure in mountain ran-

ges alter expected species responses to climate change®

A B RE I TR SRR S B D B A R AR AR A 104 . Y
B LU B A 2 AP S S i B — T AR SO E T IR BT BT RE S B R RETT

Abstract; Climate change is leading to widespread elevational shifts thought
to increase species extinction risk in mountains. We integrate digital elevation
models with a metric of human pressure to examine changes in the amount o f intact
land area available for species undergoing elevational range shifts in all major
mountain ranges globally (n=1010). Nearly 60% of mountainous area is under
intense human pressure , predominantly at low elevations and mountain bases. Con-
sequently . upslope range shifts generally resulted in modeled species at lower ele-
vations ex panding into areas of lower human pressure and s due to complex topog-
raphy , encountering more intact land area relative to their starting position. Such
gains were o ften attenuated at high elevations as land-use constraints diminished
and topographic constraints increased. Integrating patterns of topography and
human pressure is essential for accurate species vulnerability assessments under cli-
mate change ., as priorities for protecting, connecting. and restoring mountain

landscapes may otherwise be misguided.

(ORE R, A AR A T A L DXl o3 A 43R 4R FEE A . W R sz ] T e 3 17 2K
2o B, NIt Qe PFE S IR )i i b s A S A e — 28 IR T A o A RS B N
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Z AW AR A

(DOWFFETTIE . FET R IR R L b — i 3 18 18 SCH UL N 28 238, ml LURNE » W 0 I 45

@ Elsen, P. R., et al. ,Topography and human pressure in mountain ranges alter expected species responses to cli-

mate change. Nature Communications,2020, 11:10.
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