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Abstract

Large carnivores serve important functions in ecosystems. However, human
activities have brought widespread threats to large carnivores around the world, and
habitat fragmentation has caused serious negative effects on large carnivores. North
Chinese leopard (Panther Pardus japonensis) is an endemic subspecies of leopard in
China. It is the only remaining large carnivore in forest ecosystems of some regions and
plays an important role in maintaining the structure and function of forest ecosystems.
However North Chinese leopard is believed to be negatively affected by habitat
fragmentation and human activities. This study was held in Liupanshan Mountains,
which is on the edge of North Chinese leopard’s distribution. In this study, we used
infrared camera to monitor North Chinese leopards and other sympatric species.
Occupancy model was used to analyze the leopards’ habitat selection. Circuit model
and least-cost model were used to evaluate the habitat fragmentation pattern, and to
predict leopards’ potential habitat corridors. The results showed that leopards preferred
habitat patches that are distant from cropland and roads and with mature vegetation,
rugged terrain, low temperature. But they did not avoid cropland edges and residential
areas. The study identified two habitat corridors linking the leopards’ habitat patches in
eastern and western regions of Liupanshan Mountains. Due to the habitat patches in
Liupanshan Mountains are highly fragmented and separated by lowland towns, it is
possible for leopards to enter residential areas during dispersal and cause human-animal
conflicts in the future. In order to improve the protection of North Chinese leopards and
avoid human-leopard conflicts, we suggested that cross-provincial protection of North
Chinese leopards should be applied, and proactive management to prevent human-
leopard conflicts should be considered. This study fills in the gaps in the study of North
Chinese leopards in Ningxia province, and some of the results can provide scientific

supports for the conservation and management of North Chinese leopards.

Key words: large carnivores, habitat selection, North Chinese leopard, habitat
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1.1 RBSNIVRESTIR SR EX

KGR (large carnivores) fEAR RS H A A HEMER DR 2,
FELMESRG T, BRSYAMUEZEZHEATNEY), Wi adiEth 2
ANEFRRED AW, XA R AR E RGN, (trophic cascades)
RHA, (MRS RGNS &% (apex predator), KGRI EE R
25 1) RER I RS A B /R PR 10, e T b Bl R il R AE S R G
SRR R MR IEIC. B RS DI R — R F R EL
X BEA S I TV H HA B N B ) 58 A M B

FE TR BN YRS 2 2] | E B 3. AR TR,
B« N RO S A e R BT, A BRI 60% B R A B Y B A7) I i
KA VF2 AT T8 HE RS 1 IR R 2 & IS (0 B SR AN SOl e
AR, XA ASIYILE A B TR0 B R BE A o0 s A2 75
ARG TR HAREY), T AEZS 2R GBI D e A AP 2 A v 31 O 1 FE 1Y
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1.2 SRR KB & N3N H ) S T

AL (habitat fragmentation) FEUF/INFEERE N Fob B () 1824 R 25
(genetic barrier). JUZRUN (edge effect) H5H%E n] R 4 BRAEY) £ FEPE N
R R R — 02D e o, KA A B S2 B s
AR BT FLIE S 538, (home range) SKIRAL LU SN, HAFAEY &
IAIRAT Ry, AR BT (A FHE RS 040, i SR i KB S A sh sz 1) T
NRKES) S BB R Ui s, Banra RIS (Panthera pardus
pardus) % NI 4 N = AEE (subpopulation), IXE&P 2 7] f) 3
RIAZ U 2 BIRHRG, 4L 2R 2 N RS s inFIAR JE KR (Lynx
rufus) FZBIR (Canis latrans), BRIMAIBROSEM (Lynx ynx) BTG 2 iR 36k 7
FINEESBR, FECEALTHEY B MFE T LIS,
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N T AR A SRR B AR SR, WE T S ORI AR E R 2B R8N
YoRb ST Ccorridor) CERRR “SEJERT ™), X3 H 1845 R A Bamb ek iy =
R 2 AN EEANBEL (patch) FEFGRERIETEM . V207N Sk TR R RCR
R, HESLRE RENS A RO R B AR AR VIR S 3 2 RN R (connectivity), I
/NSRRI T, 3 AR ) A A PO, e K A ST
o ERIE RS e S AL, Pk e ARG, AR RS
HARRAE P,

1.3 FIRAEY SRR 5RO

% (Panthera pardus) &5 @ RBEEISY . FeT 471105 TRV 50
FORUR, SRRy 9 NIERN, FRESE A FEA LIS (P p. japonensis). %
%K% (P p. orientalis)« EN 3 (P p. delacouri) FENFER) (P p. fusca) X 4
DI 1 Tl e OP s B |8 10 s 6 NS Y R v B/ A T P o | S IR AT
KFfi, 7€ TUCN ZL 4k 2459008 5 & (vulnerable, VU) 201, F4 5%
REVFAEGE L GE S, REfgd AP AR, Bm i Fss, /2N FOR 2 T
L2 MR, FE, BN EEET RS R R HP. TENE
P, LB IIAT N AT Y (plasticity) 1EZ07E HoAth KR & B R 35K 4
RIEOL N, kSRR AAAE 2 BN v it B8 s R R ) X 31270 D90 B0 R B RE - 31
RERE LA 10 J/100km? %5 [ 5 NSRRI ARCY,  SAFEAT A& o b s B ) A
TSI FHIREE, 75N V3 A R DX SR B Hh 5 I R AT, AR
FM FRANPEE g A B 32,

ARG BRI IE B R BE AR AL, RTE S R EATTHT 2 I U K 48
TR, 3 A X A Ak T PRs R 45 2 ISk B3, ORISR O A AR 22 e ok, HE
HBTRAAZ) (P p. nimr), *I63) (P p. japonensis) FEZ%) (P p. orietalis)
X3 AR T P75 98% I S 2T, H RTBLATE AN S b AR AR A [ AR
FE LR T A AR AR BT R (1 27 3436

LS R [ RAT I F A, IR D E K — IR AR B el e
BB R iz oy A A H R ZR AT b A R AR X3, H A 20 X R4 i b
BV, WL7E. W, TR W)L FEERTEE)\ N TR XEY, 5
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XA, HRAE3010 2045 X Sk > 729 96-98%27) (B 1), BUAFRIEE 4> B 254
N HAREARSL I ERIX o #R4E 2017 SEIBEFuflTh, 2 AEAES A MAIL
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H 61 F} 128 J&3Lit 226 Mgz, &7 2 A HESh MR85 54.72%,
FaLEE 6 B 16 B 33 &, it 47 R Lahyn, o 2 FlONE R —9E SR 8
Y, 15 MONE K R E R BritkzAh, i&F 20 H 197 B 1792 Fi &
B, BAK 110 B 1069 45 4781 1401,

MHLIE b3, SAE L AR 3 2l AR P I BT AT RO LKA R, #41LL
fk g, gk, P NELER: KOG, ZRMNL BB A NG
B4, ALk E e AR ORY IX 4 Ll ik 2 R B 5-10km (R HERG W7 . T 7E A
2019 SR UR I AMENLIE I A A, 758 L PRI ZR DU 350 K 0 T 4265 1 4
Ao

RSB ARSI BT RE— D IR TE . AWF AR T 2019-2021 A1)
CLAMRNLERIN I s cdts A P o B R G o s i AR 154 o del e (R PR AR 41,
(21, [l 2R T VPl 7S 2L AR RS AT 2t 23 [R) A AR R, T AR RS )0 B A
SR A ) 340 o AEIX LU RE b0 HRd b5 i A B i M AT PRAG TSR 144, IRy
VEEMY HURIE . AT FOR AN S B LRSS R B RN B AR S R R A A,
AL IR TAE SRR S R
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2.1 BRI

AT FE I TE DX 3L T3 7 B ek F R X5 H A 22 FAR 7S it B4R
BP7IX, BT R B2 (R JE A 106.02° -106.98° E, 35.03° -35.99° N Z[f], #ff
T X AR VG 1071-2942m,  AFESEE AR PR A R SRR G, B
AW I e &, AT i BKZARVE M PR . P o S dE (K 2).

ANELLAE T A A AR A R iy, X RS R DA B S
X, EFEWIEHRIE 22 TAREFR DR, Glan/NEE (Muntiacus
;wmm\%?%(ﬂ@mmw@mwmm\ﬁ%%%(@Mmmmmmwn

L SiAh, BT RIKIIAETI, Bl AL R RRCE T,
RIBIF BRI RIRRAMRERN TARBT JF BIXIAN N SRR, RE . R
HHRMWERMEY, ANFH 5 BRES RAMRAMEARKBHZ .
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AiFFFE X Ik

THERERIX
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A CKELL

W EEmE

saer ] B EEBR BRI
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= wox [N 562 - 1,846
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2.2 BN S

AT U FEXS GO /N A L3t DR L o — 2 i AR sh ek . T N
WAz TRACF A X 8% . H TS BB MR ECRZI7E 20-30 R0,
L IAE R R LU R ER I PR X AZ O X FNGE T X, DL R 7S 28 1L ) R WK T L B
X DAL DR X AR B R PRAF IR IF IR IAAR, B ASEEBIERD . M3
BLE DX, AF U8 HEIN 7S A L P SR G50 (i e 5 Tk P B DL R 9 i I RE D, 7 ]
AR SCEON B AR B4 SRzt e Cend 25 15 4, Frigth g Rl g
AN, A RBATSANE LIS EROR R Z T, SFIT AN
WHFT.

2.3 BRI
2.3.1 FERIERE

RIS T AL B R ORY X AL X 15 MY, ERA IR E
1-2 /> Skm*Skm HIFEHL SRR, LRE T 16 DEEVLARIRE (B 4).



2.3.2 LAMENARE

BEARIFE R Skm*Skm FEHLFES Y EBHRI 739 25 A Tkm* Tkm FR BEALIURE R4
1% (B 4) o ABEFCERFIT R DY R ET Ah AR, BEEF Sh AT A BEHLAEEASBEHL R
FAEL 6-10 ANHURE AR, AEREASHURE RIS O YR AT BEZLAMd A A L. 75 U H
fFif, I SEPRTE DU, ZLAMABLIN 2 b A I 2 5 T AL B AT P
7= (B 4D, BRI TARAT BRI ZLAMHPL R & 9 60-90 K, £ — R E
SLE AR, T3 S TFAG N — IREFAN AR, [ b — AR 2 0 rh 223 i 2L
SEHAHBLI A SD A2, IR ZLAMENIAGBER) T — R T 2 A AL (oL 1

[46]
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FEHL s 9 4%
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#HR (m)
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TELALLLAMHNLIS , A5 B% app 10 RAHNLE Bk fifiz, JREEB AR
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BB BRI, FIRZMERR AR E G EEESEE . AL
FALE) AR e B R B+, M ZLAMHBL R il A, S 8n 8% 3 5Kk,

7



SRJE T 10s IR .

AIUHZE—H] (2020 4 1 H-3 ) HAGB T 95 SL04MENL, 28 3 (2020
T4 H-8 D) AT 75 GLLAMENL, A SCHIBE TR T X B 3L 170 AL
Kl It

2.3.3 YFpiR Gl

[EI LT AN B SD #5775, 18 biophoto F2FF AL ERAAHANLAIR A, &
A BRI AL S T I R S B R . RS TE RN
AR I T, USRI T R, IRt s Bom . TR
(LLIEHRAYSERERE R R M 920 SFHEIEER . AHAFESHT (HAWE)
IR (o [ S SR T SR RR A R A

2.3.4 MBS GHRR
2.3.4.1 HIERERI P LR A

AW 7T FEAE FH MacKenzie 1A &5 38458 Coccupancy model) % H# 1L 5 Y
385 5 PR AR B (8] (4 9% RIEAT AT o 78 TR U i 5 A R RN 7 sk A
I, DARE S RO ANEEHRN, 5 RNRMEBR LIS, WHCZHRN 50 4R
MEERN 1 a5 RNEA RISy, MHCix R eHBsEs oy 0. MR
WIAT Rt 2 HEAT 10 RE BRI CBHESARI 50 XD, an FANL TAE R#uk i 50
Ko JPKE 50 RGN B St B4R 73— A B i A s 1400,

AR ZHIEEILEE T 170 G sMl R HIPLREE, (B 79N
FEATL AR AT Bt 45 SRAE e, & 26 T R ARMIKEUN T 2 (RIZLAMEL AR
AN 10 KD BILLAMENAL i . G470 S AR . 22 T AR FR R R 1
PG, AHIE AT T o A R 2L AMER AL R 256 Ao

2342 BENREHEXESHENHEE

FEERT T, DIRE— LR 5 MR Coccurrence probability ) 52 %1 — %
FIIRIE IR 2R B REM 1 CE 2L A A AR B I i A v, ZEAMANL RN R Th 2
WA BIZLAMANII S | ARIAE PR R AR, X SR AR B O A &
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(y) FHRMPIEE (p) BB,

AT KB AR ACSIR A R AR B R B AT, ARSI TR R T M IR UK
(ROU) iy A= B s W 1038 5, 534 DR P g U g i i 0 38 56 [X 38 4 o 5
RS AR 2 2, 2T STRM DEM 30 K/ #FR m s it 500 (£ 1.
IH—AL A 5% (Normalized difference vegetation index, NDVI) 5 Hii#] 44
FEJIA BRI A DS, BRI b s M TR A B R A AR ROIR DL, FRRE SRR
XA B (HRAE39 £ AP SR 4P 3B, 7S AL X Dy JL R
Rl U, 2 E R ZEYMEASIECRPY, R AR FLik# 7 2 F=MAZE ) NDVI
E RIS AR B . NDVI #4535 >k H MODIS Vegetation Index Products,
iR N 16 K/250m, M Earthdata #5233 R8P (58 1),

RIS AEAC SR AN [F AP SAG R R A R, AN ST N %, T WorldClim version
2.1 [ 19 MEWANRAZ B, IEM I T8 2 EILR M, K NS A0
FEM 19 MRk HRIE G TR (R D,

kg AL F R ARG RS, A ST Open Street Map [ 2020 F3
RE=EZUE TIEENg . BRAMIEEPY; A ESRI 2T Sentinel-2 (5 7F
J ) 2020 AFFEA IR 10 oK Hh 78 56 B AR TR B, JR R T BRI
FEEGPT (R 1D,

DRI AN [F] 3 78 55 AR AL S AR BRI RIS, AR SEEE T ESA CCI
[¥) 300 K7r P Bk 8 e ETHE T AR NIURE SO D, B4R Tkm BIR]
TEERIX N, ARH L AR H-E R . B, - AR IR L BT
PRy REEAR, 3 LR RS 5 BB AR B LIPS (R D).

T JeAE ArcMap ORI T X SR 7308 T 14,480 A 250m*250m B MAE, SRS
FEHL T AW IR (ROU), HEZ= NDVI (SNV), 42 NDVI (WNV),
P T B P 25 (ROAD, BHJE RS I EE 28 (RES)D, FEA H I 25 (CRO), WorldClim
version 2.1 ZHHEEN 19 MEYSEAZ E(BIO1~19)853, J5 5 1km 44K H (CRP).
AR H- AR MR IR (CVP). B (GRP). HiHl-FE N -FR i (GSF). 4t
AR (NEP). fa Ak (BRP) BT 5 AR LU, AE vk iR e e . i,
ARG T FT (SEA) MR AT, Hga A [ 2250 b3 3R 2 1 52
Wi (3% 1),



N T RIS AR B 18] 22 B AL P (multi-collinearity ) i T 15 20 i 7
SKIVFEI, & SG1E AreMap H AR BURIE 7 XA &% AN PR BT AR B (R it [ )= (0 3
N 250m*250m), R HE T R B F & 1 usdm &, {3 77 Z @K K1 (variance
inflation factor, VIF) 56 {28 & 8] I AH SR A Feake 5 LA VIF=5 JyBI1E,
B L VIS AR, HIFTEAE VIF BN T 3308, B9, ik, R
B ER: BIKE (ROU), EZ NDVI (SNV), £Z NDVI (WNV), i
B IIEE S (ROA), HEERAMEES (RES), FHARMMIES (CRO), A H
Wi %R (BIO6, TMD), 1 HF/KE (BIO14, DPR), J7[ 1km A& H-H%A

TR (CVP) . Bl (GRP) . B -7 M -FR MR Y (GSF) . £ AR (NEP) .
FEHAK (BRP) B GTALHIEEH] . &ILH 13 MIRE AR 1 AR &
B TR SRR (R 1D,

R AR R A ER

i ZER
WEE iR HERA 0 T ERKET
ERER
HURE S TR R (250m*250m) A% )
X E (ROU) AR " 1.55
Uy % 52
WA REZE (T AD 116 H 1Y ‘
B2 NDVI (SNV) AR W 1.73
NDVI
R R4 (LA 116 HF
£Z= NDVI (WNV) AR y 1.72
NDVI
ANKE R
PEIEEKEE S (ROA) EORF: pit P 10 108 % 1) B AR 1.30
PR RSB E (RES) EURE A Al IR R P P AR 1.49
FEACHMEER (CRO) VR 50 a0 A FH P 25 LRSI 2.63
EYSERR
B HERAGE (TMD BIO6, HUFE R H 1A HELLAR B 2.09
T HF/KE (DPR) BIO14, HUFE mfERT H 4 P& /K & HELLAR B 1.46
WRBLEFR
AH-H AR o AR BURERUT I 1km P, AR HH R SR
LRSIy W 1.50

i (CVvP)

TRILFR i T AR B
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WORE 7 18 Lkm A, BB 56 T

L 5HE (GRP) USRIy "
KIMAR L
B - - FRARER IO LG BUORE ST 1km N, TROR-VER-HHY
‘ HEALAT B w
(GSF) R B b 2 B o T EL
HORE 7 18 Ikm Y, BFIEARAT SR
EFHAREEE (NEP) USRIy "
AR L
‘ WORE 7 18 Ikm Y, BRI AR P SR
W& AR 5 B (BRP) HEALAT B y
AR EL
FHHEER
SNEKZE (5-10 A) MAEA K==
Z5 (SEA) KA & p

(11-4 75

1.60

1.23

1.69

2.46

E: w BB AR, p RN AR E.

2.3.4.3 #4063 HEARR K H E SR L

AWAAE R T A unmarked LA @ AEACS I A AR A 01 1601, S 7
ArcMap FHRIUEEALLAMENLIURE s S AR &, IFAR IR A I R 2=
58 PRI AR 5, AR s — e M e F T S IR S BT AR B R . AR R AR AR
EAT AN AL E (standardize), ¥ T 28 & T804 £1[0.00001~1.00001] (] X [H] .

FEHTHEAFERR NG ES R, KRR 7RG B RE

( Akaike information criterion, AIC) XA FEATIERES), 58 SR B P AR AR AL
G, EYAER AIC AR ST, THE 5 R R E ORI AL A
AN A 1) ALC, BT ARNSRI P48 5 725 (SEA) I (5 38R 1) AIC
BN, WUHEZ G R AL @ ARSI P A 5 ZE (SEAD.

RIGAEH AIC BB T AR RS HER K AELE SR KR EEMAE
NDVI PAZMRER AR o O B 46, B0 I 6 AR 8 18— IR IGURT — 0 350 [ I A
N IR, AN GG AR B Y AR AT X . 2RIAAH, 5 bR
[ SO R R BEIESIIEEE (ROA), &1 HM/KE (DRP), fKH
- AR A T AR EE (CVP), B AR AR A T AR S E (GSED, 4T
AR AR A L (NDP) TR AR AR (5 . (BRPD . X i S P AR 8 fox B s 4t

B AIC X MBS AT IR HITE SR B4 & 5R
A T — AN AL, IR AN E R AL AIC A
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AAIC. FTA AAIC <2 MBS M BN (equivalent optimal model) 71,
B IX LA AT AT (weighted average), 153 ALSYH (IR

2.3.5 I EE BT

IRAE IS R (P 2, SREUE FE X3 > 250m™250m 4%
AR &, 0 B AR B (R AE AL TS AR A R 4. 72 R A A predict BRL,
T ARSI B R TN ARSI AE RS 250m*250m P AR I R . R
ArcMap H A AR AESY L S LRI T X3 1 23 AT 1

£ ArcMap FHHRHUEENIURE i1 AR A0S R TRNME o AR5 455 BURE R SRR
AR IESIBRIE S, A F A B HORE SR B £ R A ROCR AL ALFY &
A ROC #iZk61, JET ROC HiZk iH S ALALSYIE B HE 1 o 3 1) e A1
BE . 4930 IR RAE S, R HURE AR AL 3 SEBRIRIINE 0 S5 AR o5 R A
A 1l 3 S TR 4 B () o 31 LS B, 3E4T Kappa 00T, AS SRR o 3805 i 1
TRy AR A0S o I 100 5 S BRERIIR L 2 75 AH 5162

DAL 3 5 45 2 AR 23 R, 7E ArcMap Hox e b3 o B 2 20 A kAT E
A, K HIEENT 0 HEE X8 2O IEE B EH, HEERTRME
[RIIX 45 S TE B S . 7E ArcMap i EBUIE BV S HOBES I TAR K/, ARG
S EE PR B RN, R R B 2R R (1~9 km?), /s (10~99 km?),
F1(100~999 km?), K (1000~9999km>), #k (>10000km?) [©],

2.3.6 4EJLFIBTEY BURE TN

AL AT A Brad McRae 65: T HJi#LE (Circuit Theory) RIS
Circuitscape 3.5.8 FJE2 AR AL, SAEACFIAE /S A LU DXI ) A B0 o P DA R ZEAS
(A S5 b X [B) 9 B ) W] RESE R AT 70 M7 o SRS P AreMap W FH 2R T B/ A
1% (least cost path, LCP) JFUHFF & [¥) Linkage Mapper 3.0 T. L2l 4 ALF0E S
B VB EE B S R ) (Y e R SRR I

McRae S5 LGRS S | )3 2 v ) LR ABE AR, g AT 9 IR 4 1 3 7
i T S SO L 0 BT S B B DR T AR L PR BB, S8 5 44 3P i) AR B
BEERAE N HEAIVR (source) AN (sink), KELE X IR AEHES BRI ShAAR L R AE
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BEL 7y T DA v R T e P e ) HEL T, PATHSRLAS 31 ) HRL AL ) 3R s S A E X A
PR AT BRI 1041, by TSR i R T 1) H 1 B LU0 AE MR A R LI H B AU, S Y A
SO § RIS, RIS B 45 SR AR AR 4 32 H S AE XS N 7 Bl
FT A A REMELOT . A R FE T B IR BRI B AR A L I R AR B I, A AR
JERIE B RGA T, Ok E AR B SO O AR S 00 /N AR B A2
s i T T2 AR S A BRI TN AR Y 22—, JL R BRI O Sh A I AN A 5
MBI 32 2 0 B ) BAS I RCASAN ], R AT PASE AN [A) S5oOWL B2 2R B . 7EASEHL
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