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Study on the ecological corridor of spotted seals in the Bohai and Yellow Seas
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Abstract; Ecological corridors are crucial pathways for wildlife migration, dispersal, and life cycle completion. The spotted
seal is the flagship species of three national parks strategically located in the Bohai Sea and Yellow Sea Marine Island
Ecological Geographic Region (BYME). Identifying ecological corridors for spotted seals is urgent to improve conservation
planning and management measures for marine spaces in relevant national parks and reduce their potential risk of local
extinction. We conducted satellite beacon tracking surveys from 2010 to 2020, a participatory geographic information system
(PGIS) survey on Changdao in 2023, identified BYME's ecological corridors using niche models and Linkage Mapper, and
further refined ecological corridors within the Bohai Strait based on hydrological analysis. Our results showed that there were
historical records of spotted seal activity in both large-scale and small-scale ecological corridors. The large-scale corridor
aligned with their crucial seasonal migration route while the small-scale corridor corresponded their habitat and feeding
activity patterns. However, these corridors were not covered by existing national marine protected areas. At a large scale,
shipping hotspots such as Laotieshan Waterway and Changshan Waterway block the corridor within the Bohai Strait while

some key small-scale corridors may also be affected by mariculture zones. This study proposes the establishment of seasonal
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core zones and peripheral conservation zones in potential national parks, based on the spatial and temporal distribution of

ecological corridors, while implementing dynamic management strategies aligned with migration and activity regulations.
Key Words: spotted seal ;flagship species; marine protected area;ecological corridor;Bohai Strait

A B AL B A s R BRI D T U R S R Y R KA BN R 1 T
HhPRAP it 2 22 AN RV R PR R R R AP 5 2K, 75 S0 | A Tl 45 B kb, 5 A A S b 2 ) 1) A SRR T
L RaERIL 7/ ba > A I € B N e I R 231 vAl - A IS5 /N T I < T S /N T I | e | ES /N T N
T A AR TR ) 8 el S 2 2 B ) PR AR B A SRR, B TE RS SR ( Pantholops hodgsoni) \F5 %Y
( Panthera uncia) . K A& Wi ( Ailuropoda melanoleuca ) . 7~ At 2 ( Panthera tigris altaica ) . %= AL % ( Panthera
pardusorientalis ) FNFF 8 S ( Nomascus hainanus ) SE ALY FI A58 @0 1, BEWE 3 ( Phoca largha) /418 &
BTN (Al ) T A 1 2 AN HEPEYI RN 2 — | 00 W BV VA 0 I A 25 e 3L DX — () E AR e 5 AR R M
Weshi ", SR 20 LD 40 AR LK, BRI SRR > T 809% 1), m A 3R E K — AR b sh
Gy fELE A AT RO R B e OB A 2SR, A SRETE N R OR AP LA S eV T R I B A A
PRI DA R0 Bl S A B AR PR R 2 e i) Hi Pk

FRUBE A A R T8 P SRR BV 5 it 20 A S TR 2 PR [ RUBE 1) A A8 T R 5 ik 3
Ve, TEREO RUBE | AR 2R 750 TR vl 50 A o 1 S M (B A Mt ) 457 b 32 422 e | R 3 4 00 i 2 i )
W, HENRA T EE IR b BB S A5G RETRE 5 R R AR 28 AR U 55 oK ARFE X R B 1 7
BBIRSEREL ) L 0k OB 2 1 A AR T R BB T 45 A T A AS AR 2 B AR S U A B B
MZEE AR D HIRBIBEEF09 AE BE /AR R H PR AR AR K SRR 1 I 25 G A B s AR fE B L 53
G, E VWA Ay B R 50 3 R TIT i P DG B 9 A, B BRI BN P 3 S0 U DG B AR T AR 12 N A WA 1) T
by, TG N BT A A S AF DG 5 VR AT A 25 TR T RS . 7K SC A3 BT v 6 T 5 Tl v IR B sl e AR I 4 114 1 2
&, AT DA TR ZE B 5 7E Jay b RS FL S0 A 25 JBR 1 R

BRI AT B E AR S 1 BH B YR TR 5 7 e o v RUBE 1Y) A AR T K ST AT Y
PSS T HARU B 57 S e v 0 1 A 2R Sl ok 9% 367 a5 R 3 0 i A SRR A A B
MrAE SR 5 ARG SIS MR . AR B TR BRI PRI S A SRR | Sl et v v 5 A A5 B X
A G220 Bl o 1A SR ORAP st A 28 A1 ) A8 B AHRL A2 AR B | ]I i B2 Ay Vi v A AR T ML R PR AP e 7 vk 5
ESVIE =

1 WREXHBLR

RV VR 5 A A P DX 5 v R B, S T T SR B R R 2R P B R A PR AR S R T, R T
AP B B A FIEEE P R 1 B O K AN E R AR X i A
SR DX SRBEE 5 Pl o T 1) B X, KR SR BN AU 7E I M I SRS T ) DG B A it | B A 2
RS PR IXE— B AP Rl AR, 53 oh IR X I NSRRI Sl A PR X, Wz FFRFE I 3l ] BERE IR A=
ASHIE PP P — 7 s ST R I SCSE T, 2021 AR U S 1 EE 4.44 T LT NIRRT
T3 — 7L, W SIS L TR K AR O Bt 2 £ CRRIlZ ST iz 5

2 WRFAE

2.1 FHEE R R
AFEFET ArcGIS(10.6 A, ESRI 2018)F 752K H Linkage Mapper(2.0.0 WA, Github site) BH Sy #5571
WU BEHE 5 70 B S0 R A AR ST Y FEZ AT RIRIRSE Hh , FRATTE T 8427 2% T2 1 e R % ) A 25090 ( 1 I

https ;//np.ecologica.cn/



2 4 FEMS K A RIS i I A AR 5 3

K1) S5iRE R S IR T BE i A= S A ( BIOMOD?2, 4.1.2 fiAS, R Development Core Team) Fl
Zonation ( GUI4.0.0 JitA<, University of Helsink ) RELARA A T H k5] T B 09 A B 7EE8% (10,11 A
Bl ) MAeERE XA X, Kb 12 A1 A 2 ABERBEHMNEH S, B F AR
UK LA B A Oy BT TR AR B 5 0 PR D051 IX i) i 8 XA Sy A, ok 6 X Sl G 4% 1 SRV A A 1) ol 4
W —— IR HUR ASBIF OB T BT 5 4 4 ) BV T A 55 45 B 1 SR AR 3 A IR (812 S e (1 0—10
FOERSE R J81 22, (RS OR SRR A AR RS  BRSREREL T B, AR RN < R0 QI3 5 4 5 8 T AR AL i)
DB vk B A R b P 2% 5 B A IS 5 AR i/ N IS A 25 R VG P R 5 T30 L H — A R e AR, 1%
EE DR AT I {1 (22 2 SN U 2 S 4000000) , FA S BB BRI 5

A5

>z

G 4
- PEERRERE R

0 600 km
I ——
1 BEESHAEDEERRRASR

Fig.1 Monthly satellite beacon tracking sites of spotted seals
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Table 1 Spotting sites for spotted seals on Changdao Island

o1y E2353 a4 H i eiE 5 Hi A
Code Longitude Latitude Eyewitness information
1 120.638101 38.042956 20230504, A~ (KR Fid)
2 120.610697 37.995252 202204-06, 17 (KBILFEH L)
3 120.75178 37.965817 20210604, [ K24 (FRIE L)
4 120.585322 37.969877 202002, i 7EH (K BILB IR IR)
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Code Longitude Latitude Eyewitness information
5 120.627951 37.915067 202006, FE25 I ( KB 1L 5 it P2k )
6 120.585322 37.994237 202002, 5K 1L (KRB ILEHEN)
7 120.590397 37.963787 202006, J &
8 120.868504 38.067316 202004 , XK1 (BRI )
9 120.958838 38.026716 202107, XIH I (HE AR )
10 120.829935 37.987132 202006 , XIH I (AR )
11 120.629981 38.077466 202006 , # [F ¥ (B AR )
12 120.959853 38.037881 20200512, 75 [ % (AT )
13 120.873579 38.077466 202106,4 3k, AR (FBTIL)
14 120.887789 38.034836 202106, AR (Ffa Ll )
15 120.960868 38.035851 202208,4 3k, TRAA (Bl )
16 120.758885 37.971907 202006, X EH (Ffa Ll AEE)
17 120.864444 38.012506 201909, X EH (F Ll AiEE)
18 120.952748 38.017581 201811, X £ 7 (49 L)
19 120.641146 38.038896 202006, S £1% (iBHAR)
20 120.590397 37.962772 L GEHTE)
21 120.8005 38.269299 201911, BB (KEEI 2 K)
22 120.78426 37.982057 202206, MUk (HFSFAHIFIX)
23 120.622876 38.076451 202006, FBAL (LS 5 F)
24 120.635056 38.076451 202005, F SO (B0LS 15 )
25 120.829935 38.016566 202210, & A (B H AT
26 120.614757 37.929277 202106, 5= B (/NIMTAT )
27 120.588367 37.968862 201806, 5= L (/NIMTAT I )
28 120.886774 38.033821 202006, % £ (A oK)
29 120.952748 38.020626 202110, % EH (AL &)
30 120.641146 38.069346 20220510, 3 & R (B i)
31 120.610697 37.995252 202204, FEM(ALERZS)
32 120.647236 37.986117 202006, FEMA(ALERZ4)
33 120.586337 37.972922 201906, F& i 5E (15 F P )
34 120.603592 37.944502 202106, XIAEHH (/NEER FRIE T )
35 120.617801 38.020626 202204, X {8 (/NGER])
36 120.614757 37.929277 202106, 27 W (MR )
37 120.77817 37.896797 202104, 7 B (MR AR )
38 120.606637 37.993222 201811, B2 e ( KRB a1 )
39 120.744675 37.991192 202105, F FE24 (AR
40 120.925344 38.051076 202008 , - % (49 AT )
41 120.950718 38.019611 201909, F % (49 A <)
42 120.637086 38.021641 202104, FLIRFK (I )
43 120.952748 38.068331 201602-03 , 3t E T ( KAT 1L FR5H )
44 120.837039 38.070361 202303, X6 (MR )
45 120.641146 38.077466 202004-05 , P 37 (FEFEAE 22 3 )
46 120.882714 38.022656 202112, FEGA (EEATAE L)
47 120.952748 38.023671 202111, FEGA (EEATAEZ L)
48 120.638101 38.114006 202104, FMZE L (IO HET)
49 120.636071 38.074421 202105, A7 (I fRITER)
50 120.947673 38.015551 202205 , X187 [ (EEFCAL S 9 5 )
51 120.635056 38.074421 20220410, 5K J7 7R (LI B TD)
52 120.742645 37.991192 202205 , A5 % (g IEAE AR )
53 120.78629 37.933337 202304, F5 % i WA )
54 120.836024 38.291629 20201005, RIET+ (JLpR IR )
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Code Longitude Latitude Eyewitness information

55 120.666521 38.013521 20210415, ERER (B F AW F3756 )
56 120.949703 38.017581 20210512, F &R (B A0 T3756 )
57 120.619831 37.993222 20210320, 14 K48 (I RIS IX 5 T0)

58 120.645206 37.955667 20220410, 14 K38 (IR SRIX 5 T0)

59 120.666521 38.013521 202204 %% /bil (FREE R

60 120.672611 37.951607 20220310, % /b ( FREE L)

61 120.636071 37.933337 20190503, B 8k e (MARMTZ Hi A )

62 120.76802 37.905932 20210410, B8 Je (MEMFZHAFE )

63 120.639116 38.034836 20190502 , A 5 ( JH PRI L A4 IR T
64 120.662461 38.014536 202104 , R 4R i (AL I L ATV R T )
65 120.647236 37.985102 20180501 , X (K ELZSHT KAL)

66 120.77005 37.906947 20180420 , XK (K ELZSHT KAL)

67 120.679716 38.018596 20190502 , 5% i (KBS R

68 120.641146 38.069346 202105, ToELE (KBS

69 120.590397 37.968862 20190225, A~

70 120.644191 37.985102 202205, PMB 7 (EEFTHE )

71 120.954778 38.048031 201812, FIBAS (EEHEHE)

72 120.78832 38.284524 202010, B AR (KBS 2 il D31 )

73 120.645206 37.956682 20230402, 5K J7k (FEFE L)

74 120.622876 37.928262 20210520, # J7 75 (R IR L s H i)
75 120.61872 37.989378 20220601, FA A (FB B R )

76 120.61872 37.930604 202105, ERAR (KBS HR)

77 120.660324 37.943152 20200420 , T fpft (SR I R )

78 120.705891 37.904849 202105, T4t (ARIE A #1102 )

79 120.679475 38.013813 202304, R RAL (FRIA T

80 120.63655 38.148531 202204, HIZE 6 ()

81 120.661645 38.010511 202204, HIZE6 (AT )

82 120.637211 38.120134 20210510, 75 %4 (B G A M)
83 120.662305 37.937208 20220501, 75 S 4 ( 1E G A TR )
84 120.742212 37.988058 20220410, 75 4 (1 G A TR )
85 120.742212 37.980793 20210505, A (ARATHRT.)

86 120.60155 37.985416 202204 , AT (AL E FH)

87 120.709853 37.994662 202205 , M (Jb s )

88 120.729664 37.976831 202205 , M (Jb s )

89 120.631267 38.151172 20230330, 75 g te (Ml )

90 120.620041 38.036266 20230325, F5 @A (KAL)

91 120.863062 38.071266 20230320, F5 @A (F L)

92 120.661645 37.947774 20220310, E AL (/NBILR R EN)
93 120.847873 38.316268 20200310

94 120.733627 37.970227 20210505 , g 24 (VLK)

95 120.724381 37.990039 20210505, g 2 A (LR R )

96 120.611456 37.93985 202205, % EAF (KRB IR HEA)

97 120.63655 37.932586 202205, % EAF (KB I B FHEA)

98 120.627305 37.955039 FarE (ALEFEEA)

99 120.624663 37.983435 201902

100 120.633248 37.937208 20220315, 1% T B ( KRB L& B AT REAT )
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Fig.2 Spotting sites for spotted seals on Changdao Island
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Fig.3 Technology roadmap for ecological corridors identification of different scales for spotted seals
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Fig.4 Ecological corridors of spotted seals in the Bohai and Yellow Seas and the Bohai Strait
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Fig.5 Ecological corridors, activity sites and satellite beacon tracking trajectories of spotted seals
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Fig.6 Spatial distribution of the spotted seal ecological corridor in relation to national marine protected areas, shipping hotspots, and the
Changdao aquaculture zone

HUH(0.05<P<0.1) FE(0.01<P<0.05) 5 (P<0.01) NABFFEMIZE S

https ;//np.ecologica.cn/



2 4 FEMS K A RIS i I A AR 5 9

PRI T SRR iE PO TP R L KGE A LK TE S 11 RRFE , FE i s i RO b 7 T it i e A
PP 2% A 25 R T K Az R T BELRR | S0 2R~ 5 AR 0 ) A 25 G T R 32 78 ) o s i LB 7 B 1 T e X
JE A L KGE A 4 A= 25 gl 5 A2 57 58 DX I BELFR , 1 00 A A= 28R 32 232 oz S T REL

4 e

4.1 PR SRR PR R

FH U R MY W PE R0 R 2 R B R MR 2 Bl RHE i TR M R 5 R H AT R 2 4 9045 IR
FAE AR AR S0 A0 R ST e > A 2SO AR Rl T LKL T o 2 ] 43 A Hc e LA
T A S BREE R - PR 0 70 AN RIS XA 303 B R B (A b 27 PRI, AR S0 T 0 B AR s i B AR S
A9 2 W R 500 1 S 4 ) BRI B, BOE S B T R s oy e e, S5 08 T BREDAE 400 4 A Bt 28 4 T A8 Ak o 2
5 RRAE X A LRI [E] 25 B B A= 25 A0 AR 3K DL BRETRE 5% A A 3% B4 A T4 I ) o S R BE S BRI T
LS8 A
4.2 SRR AL A R

MK S A R R TR, AR 0 T 8 TS g U e L2 SR ) ) 25 B 7 25 ) o3 A AR —3, WA
A RUBE YR B A 245 R 3 R SR 3 A A S  Sh 0 05, (E A TR A BB B S 6, S 9K S v 7 e )X
TP 1 A 25 R T SRR A BT S 2R VU 16 B0 S A A DI T A S e RPR SR AR ) ek b R
BT ke R R 5 D = ) BAPURAS (LA B AR K B ) SR AU 0 B3 B A R A RS AS R Y i i
ot g b i B DM, Dl T AR R £ g A i AR SR, Y — TR, AR SR BT B S A B AR AT R
P S N A 2B A A BT S 7 S B A 5 B e ) 5 PR P 1 A i TR R i s R
JiE B, AR 23 SR TR %) ) T DI B 1O o SR ) BV PV 5 A 2 T IX ) 52 2 ol 45 s [ A Jy e
Sl AR A B TR A A W I N A 5 R R T B N R T B A A, % TS BRI R B L i
K 400G B AT T L,
4.3 IS RRIE S A A B Y

LSRR Ml 2 2 ) 22 RE AP B AT | LT 520 B 2 A Y P AP A Jmy 8 e oy st 1) ST R
VEAG TSI A 25 R T AR IR 5 — B VA R A 4 T 2 14 A SRR (RLSUAT 30% 10T F AR B4 X, A T
IKFER TR X ARG R AE P 2 (2019142 B30 b Iy SRR 4P s % L L R S K 01 FE A
AP FIE R (R 1 AR R A D) A B T RN SR R M SRR TR, AT A R R T i
11 FE 52 2 1 120 95905 BT 9 32 R v 2% R T 2R 0 b 0 g A 2 RS, sl 88 Sy 1M BB 47 4 10 g T 5 2 el 4 e 7
FHAE 3 A BESIIT IR RERIK S B 5 AABW T AHFF SR K 15 524 el 76 11 00 vl AR 4% R
£ PFUH) 14 £ 265 T RV 6 A 5 4341 R 5 BRI SM B0 25 5 MR O IX L 3 4h , AR5 S K 1L K G 2 5 X 7 2
6] |- 5 BEE L% N T ARSI E S AR HE— B P A DS X I« NFIE R R B 53T T
TN S E S A TR,

£ % 3Lk ( References) :

[ 1] Driezen K, Adriaensen I, Rondinini C, Doncaster C P, Matthysen E. Evaluating least-cost model predictions with empirical dispersal data: a case-
study using radiotracking data of hedgehogs ( Erinaceus europaeus). Ecological Modelling, 2007, 209(2/3/4) . 314-322.

[ 2] Nikolakaki P, Dunnett N. The use of spatial concepts as a basis for designing a viable-habitat network: Conserving redstart ( Phoenicurus
phoenicurus) populations in Sherwood Forest, England. Journal for Nature Conservation, 2005, 13(1) . 31-48.

[ 3] Bastille-Rousseau G, Wittemyer G. Characterizing the landscape of movement to identify critical wildlife habitat and corridors. Conservation Biology,
2021, 35(1) . 346-359.

[ 4] DaiY C, Hacker C E, Zhang Y G, Li W W, Zhang Y, Liu H D, Zhang J J, Ji Y R, Xue Y D, Li D Q. Identifying climate refugia and its
potential impact on Tibetan brown bear ( Ursus arctos pruinosus) in Sanjiangyuan National Park, China. Ecology and Evolution, 2019, 9(23) .
13278-13293.

[ 5] Nielsen S E, McDermid G, Stenhouse G B, Boyce M S. Dynamic wildlife habitat models: seasonal foods and mortality risk predict occupancy-

https ;//np.ecologica.cn/



10

ER AR (3 30) 2%

(6]
(7]

[8]

(9]
[10]

[11]
[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]

[20]
[21]
[22]
[23]

[24]

[25]
[26]
[27]
[28]
[29]

[30]
[31]

[32]

[33]

[34]

[35]
[36]

[37]

abundance and habitat selection in grizzly bears. Biological Conservation, 2010, 143(7) . 1623-1634.
XUBE, REE, ST, BRRRE, A5 BTN B R A ST . J:%%ﬁéfft 2021, 29(8) : 1134-1145.
| AR R SR A A R BT B, Gl R SRy [ 58 20 el A BN 3 AR R A IR g 0 el B ST M. [ T 3 M A LR
Jois EIRAREALEZE b1 4. 2021 24
Won C, Yoo B H. Abundance, seasonal haul-out patterns and conservation of spotted seals Phoca largha along the coast of Bak-ryoung Island,
South Korea. Oryx, 2004, 38(1) . 109-112.
Nesterenko V A, Katin I O. Pattern of shore use by spotted seals in the sea of Japan. Oceanology, 2020, 60(2) : 220-227.
Yan H K, Wang N, Wu N, Lin W N. Abundance, habitat conditions, and conservation of the largha seal ( Phoca largha) during the past half
century in the Bohai Sea, China. Mammal Study, 2018, 43(1): 1-9
Bennett A. Linkages in the landscape: the role of corridors and connectivity in wildlife conservation. IUCN, Gland and Cambridge, 2003 57-60.
Hfm, JERTET, W, FEREL AR SRR B A R A DS IR ARSI, 2019, 39(2) : 411-420.
e, sk, RARE, TouH, WISCHE, R, A, Ak, BRMS. STV b AR i R A A AR TR B A2 B T A
AR, 2022, 42(21) : 8555-8567.
B, TR, RATER, BT, B, EME, SRIE—, SR, ROLI T B AR BE AT SR S RE A . AR AR, 2022, 42
(14) : 5990-6000.
FFE, PRLL, A2, KT, B, MR, TKIULE, 4R, BIRTIAE &4 W i TR AR UG AL HE AT S Hd B LA iRl fy . 4 28
2R, 2023, 43(5) : 489-500.
Zhuang H F, Shao F, Zhang C, Xia W C, Wang S Q, QuF Y, Wang Z L, Lu Z C, Zhao L L, Zhang Z H. Spatial-temporal shifting patterns and
in situ conservation of spotted seal (Phoca largha) populations in the Yellow Sea ecoregion. Integrative Zoology, 2023 1-12.
RN, BRIz, I35, D, thDAe, B, XIHy. o B E SR 2 A R r s, B 5 (Fh3ess) |, 2023, 1(1) : 1-10.
iR, AR, MW, ik, EHS, BB, THE, KR, 27 BT TREERRENBE BRSO . SR,
2013, 33(4) : 300-307.
Halpern B S, Frazier M, Potapenko J, Casey K S, Koenig K, Longo C, Lowndes J S, Rockwood R C, Selig E R, Selkoe K A, Walbridge S
Spatial and temporal changes in cumulative human impacts on the world’s ocean. Nature Communications, 2015, 6: 7615.
RAE R Ji B B By i KSR AR S A JRARKT. MRS 5T %, 2000, 19(4) : 26-29.
McRae B H, Shah V B, Mohapatra T K. Circuitscape 4 User Guide. The Nature Conservancy. 2013, http ://www.circuitscape.org.
McNeill S E. The selection and design of marine protected areas: Australia as a case study. Biodiversity & Conservation, 1994, 3(7) . 586-605.
Montesino Pouzols F, Toivonen T, Di Minin E, Kukkala A S, Kullberg P, Kuusterd J, Lehtoméki J, Tenkanen H, Verburg P H, Moilanen A.
Global protected area expansion is compromised by projected land-use and parochialism. Nature, 2014, 516. 383-386.
Tittensor D P, Beger M, Boerder K, Boyce D G, Cavanagh R D, Cosandey-Godin A, Crespo G O, Dunn D C, Ghiffary W, Grant S M, Hannah
L, Halpin P N, Harfoot M, Heaslip S G, Jeffery N W, Kingston N, Lotze H K, McGowan J, McLeod E, McOwen C J, O'Leary B C, Schiller L,
Stanley R R E, Westhead M, Wilson K L., Worm B. Integrating climate adaptation and biodiversity conservation in the global ocean. Science
Advances, 2019, 5(11) : eaay9969.
Getis A, Ord J K. The analysis of spatial association by use of distance statistics. Geographical Analysis, 1992, 24(3) . 189-206.
Ord J K, Getis A. Local spatial autocorrelation statistics: distributional issues and an application. Geographical Analysis, 1995, 27(4) . 286-306.
Lorenz E N. Deterministic nonperiodic flow. Journal of the Atmospheric Sciences, 1963, 20(2) : 130-141.
PNEE, ORISR, M SCHE, BHE, MO AR B A Z R STER. AR S A, 2022, 30(10) ; 177-191.
Elith J, Graham C H, Anderson R P, Dudik M, Ferrier S, Guisan A, Hijmans R J, Huettmann F, Leathwick J R, Lehmann A, Li J, Lohmann L
G, Loiselle B A, Manion G, Moritz C, Nakamura M, Nakazawa Y, McC M Overton J, Townsend Peterson A, Phillips S J, Richardson K,
Scachetti-Pereira R, Schapire R E, Soberon J, Williams S, Wisz M S, Zimmermann N E. Novel methods improve prediction of species’
distributions from occurrence data. Ecography, 2006, 29(2) : 129-151.
FURIR, BT, T, T, XA Wi oK S B2 i A R AR AHIE BT FE. e S5, 2019, 50(1) : 24-30.
Adriaensen F, Chardon J P, De Blust G, Swinnen E, Villalba S, Gulinck H, Matthysen E. The application of *least-cost’” modelling as a
functional landscape model. Landscape and Urban Planning, 2003, 64(4) . 233-247.
Wi, BIRE, T HELHIX 2 R SRR, 4225244, 2020, 40(20) : 7123-7131.
Zhuang H F, Zhang C, Jin X L, Ge A X, Chen M H, Ye J, Qiao H L, Xiong P, Zhang X F, Chen J Z, Luan X F, Wang W. A flagship species-
based approach to efficient, cost-effective biodiversity conservation in the Qinling Mountains, China. Journal of Environmental Management, 2022,
305 114388.
Zhuang H F, Xia W C, Zhang C, Yang L., Wanghe K Y, Chen J Z, Luan X F, Wang W. Functional zoning of China’s protected area needs to be
optimized for protecting giant panda. Global Ecology and Conservation, 2021, 25. ¢01392.
WA, B, ﬁ%’l‘ﬁ WKz B2 b 25 A SR AR R PR DU . IR (R C) |, 2023, 1(1) : 11-16.
AR AT, B SBEIA)T . ST RS LLE A D R AR B AR R R R R SRR LY . AR AR IEHIE rh e N RBU. hitps://
WWW. gov. cn/zhengce/2019—06/26/c0ntent 5403497 .htm
ERLL. Wi R RIS IRBUR R Ok R, 1993, 12(1) : 4-7.

https ;//np.ecologica.cn/



