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Impact of human footprint on landscape fragmentation in the Northeastern China
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Abstract: Assessing the impacts of human activities on landscape fragmentation of the Northeastern China Tiger and
Leopard National Park ( NCTL-NP) is of great significance for balancing the conflict between the wildlife protection and
urbanization, and optimizing the habitat of the tiger and leopard. In this paper, we designed three steps to evaluate the
impact of human activities on landscape fragmentation of the NCTL-NP. Firstly, according to the human footprint theory, we
selected five indexes, population density, land-use status, industrial and mining activities, accessibility, and nighttime
lights intensity to establish a localized index system of human footprint. Then, we selected patch density (PD), edge
density (ED) , landscape division ( DIVISION) , and Shannon's diversity index (SHDI) at the landscape scale to represent
the degree of landscape fragmentation. Finally, we analyzed the impact of human footprint on the landscape fragmentation
and its spatial variation in the three functional zones ( core reserve, the potential habitats of the tiger and leopard, and
population agglomeration zone) of the NCTL-NP. The results showed that high and very high fragmented areas, accounting
for 8.96% of the NCTL-NP, were mainly distributed in the population agglomeration zone and covered up to 60.54% of the
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zone. Overall, the factor influencing landscape fragmentation most was land-use status, followed in order by accessibility,
population density and industrial and mining activities. While the nighttime light intensity was not significantly related to
landscape fragmentation. These trends were found similar in the core reserve and the potential habitats of the NCTL-NP,
while the impact of industrial and mining activities on landscape fragmentation in the population agglomeration zone,
although still smaller than land-use status, was larger than accessibility and population density. In terms of regions of the
dominant human footprint indexes, the areas where the landscape fragmentation is mainly influenced by land-use status were
the largest. The areas where the landscape fragmentation was most influenced by accessibility were distributed in the
surrounding areas of Chunhua Town, Daduchuan Town and Chunyang Town. The areas where the landscape fragmentation
was most influenced by population density were distributed in the surrounding areas of Luozigou Town and Fuxing Town. The
area where the landscape fragmentation was most influenced by industrial and mining activities was the smallest, and it was
mainly distributed in the surrounding areas of Luozigou Town. We suggest that the government should take some measures to

reduce human activities in areas with severely fragmented landscapes to optimize the habitat of the tiger and leopard.

Key Words; human footprint; Northeastern China Tiger and Leopard National Park; landscape fragmentation; regression

analysis; spatial differentiation

ST P G el A S P A R e e 2 SO S SO B F BN X T AR B X A AR A
BRGEM AN SR RS AR LA B A R, R AR R 2R e s )

Bl AR BEE A ZRE G, PR B R A B R A RS RS SS IR L Bk B P E R A
bl 0 il N AR5 3ok B SR AR 28 R GRS FE BT R0 2 (8] 43S R B AS e e DT H & R

KR Human Footprint ) J KT 511 1325 A SEARLIL 4 A SRR FE (0 — R ™™
BF NGRS A TR Rl 2e)2 A0 sham ™ 45 M bR FPIRZS AR fh A B2 s % BT
Ty, N2 lhsi ok e M55 N ST Bl B AR DG 110 23 ] PR - A 260 gl kA7 338 | RE A% B i 42 T 25 W i) B e A
KGR AR . 2002 4, Sanderson 2L R B T}\%Eﬂjﬁﬁ( Human Footprint Index, HFI) A FH
NEERE A AR A Gl AP o B Rt 4 D J7 T 9 MR TR bR #E A7 52 e g U AN S 48 | e
3 2 ARG FET T A% 099 19 A28 2B 80 . 1207 5 BB 0% BOULIAR S ST 2l 78 DX 1 25 18] 3 A 22 5%
PR 7 A AR IR S92 . U Woolmer 25 F1] F 90mx90m 43 B 5 4 25 [A] 54k , 78 Sanderson AYAF5E
Lt BT AL ORIUAHAD SRS 56 b , d 85 17 3 T B R 3210/ B R g S A= 2 ORI S e 3
Bt , SEIORS A A r A B AR S AR X A SRTR SR S 2 . B S NS 7 AR DR = i LI S e i [
GNP RN SE PR S0 2 R s L RN R IR AR B 10 2 DU G20 Bl A s A o, 3R
(IR FE 23 43 P K a4 AR R 1 FH TR T L X s S AT H A TR R P A A A A
X, FFIE AL A3 W PR3 X P A2 R 38 9 25 ] A 22 5, DPA 57 OR3P DXORE 02 A 23 sl i i A 3k 25
b, BEOCT A SR XL I BT AT B b i B A AL IR (A T, S8 5 5 &8 )2 AT 25 1) &
I, e Je AR S A B A SIS R v (B B R N 29 Bl i S M R S (B R IR 8 A28 R Frxt A AR
EBRGERIFM

YER FOWA S22 B HL B ST N A, SO %1 ( Landscape Fragmentation ) J& 48 H1 T3 2 /b B 40 T T 3
R SR FY P — B4 BRI S (R A R T 52 2 S ST RN o 52 P BRE B i AR 1) 7E — R R L BEAS B S I
REBREZPINLH R, BT, A ST AR R3S, DURAC RS E 2 el S 5 X3k, DA
2019 4 IFFEI ] i, A8 81 M A0 Y NS R I HE A 2, A8 Bl S5 0L Jm 0 A 109 A L GIS 3 (] 437 25 7
2, WA R FRFR AN 1 8 EIR AR 8 A R IR AR AR AU P8 54 B 52 2 el B A [R) 4 X s WURBE R AR 1Y) 52
M) 905 Bl K s 18] 43 S AR AIE , DA SR ZRAE IR A0 1 28 8 Bl AE 2548 5 5 AR sh il & BRAE 4R IS 5 10l

http ; //www.ecologica.cn



4690 2 R

&t
i

Eild 42 %

1 HREXHELR

ARALFEHIE Z AT (FRIFR FRFI AR ) ARl 2R 20 F 2017 48 1 A 23R = Aty b ok B ) B 5K
N LB XA T 35 R4S B A VT 48 38 A (129°05'—131°19'E,42°39'—44°15'N) |, 7R3 AR oK 5 AR %0 157 54
Hi [ SN el B VB AT T S AR AT, T IBCIX R B R 7 bR SE s R e i 1 IR N R TR R TR R
JITEHPHIH R T B T 6 ME (), S 14612km* (Bl 1) .

e B 423 [A) RN [ SR B8 U5 AR I 2K A E B RS e v R AR K R PR =R R FE 5N
ON TR DX ) 4 A O P X 5 — e DX 4300 o B 0 el X TR ) 529 71 48% , o Bt
PIX IR YR A AR I H AT AR Y SRR X 5, BRI AR M B A I AR PR A B R I e SR IX
FCHE SR X3, — B i XK PR 038 EATLE M 6 NS SRR & 10 G DX 3, % X el A< b
FEAFPEED ™ FROWG 8 B AR A5 Sk PR A TR E A M K B A £ AR M, A N VB R I M 388 A
o SR AR X R o N REE X, KA LISE, IRSIA T AR Ge iy Az 77 A 36 Ul AT s 25 i) 5 4R
R OLTY S8 R I A S g 161 = 3 s = 0 | A B (A S O | 1 2573 2 T O = WA 1 i I |
FEHI A A7 25 (8], RN B B R AL a5

RS

z
gl \
3 NSl
A Q
|
3
o
¥
Ty
! (
= BN SR ] S k
o & ) ) NT@\ Y §
< - 81
Y A
/{ - o 3
£ i
2 g s T A
e # ki i : éJM}YN“H fﬁ s (l"/
R % [ EINTL . LM
B RPIX T R e
U] — il R (S0 A 5 ) R £ J(u
g — Az KON DR X) ) 0 25km
& o —
& . J : .
128°40" 129°20" 130°00" 130°40'E

1 FEERFERAEMBMAE
Fig.1 Geographical location of NCTL-NP
NCTL-NP . Z: b jE 59 E /3 [, Northeastern China Tiger and Leopard National Park

2 MRBE|EFE

2.1 Bk K Ak B

AR SR BB AL 45 PR A28 Bl il it DX R A A0 XK i 00 SRV Bd e 3 B s e N Vs B s 2 )T Ol
Bl o Hoh o B 1 FRBCIE R RT3 AR S S SIEE 1EIA M TE T ELAR BT s B S B ok U T 2019 4E Sk
Tl et SR T 155 W D00 BRI , Kt A 7 Bl P RSS2 AR 23 (8] 0 B A T 2m , IR 38 3 A A S o it A 4 fR TR 4K
P A % s R 38 [ [ AR A S8 = ( https : //landscan. ornl. gov/landscan-datasets ) FF % %)

http ; //www.ecologica.cn



11 4] SRIET A5 NIRRT AL FEA [ 52 2 Pl S5 LA A A F) 52 ) 4691

LandScan 2Bk A\ FUShASGE 13 A 84 122, 23 18] 73 B30 3075 3R] AT DG B R I T 26 R 2 R 2 00l R 2
EOG /NHE W (https : // eogdata.mines. edu/products/vnl/ ) #2H4EH) NPP/VIIRS 4 7= i, 25 [B] 43950 157,

R FESHR B ST IX P SO P, LA 2019 4F EE At 1 b 24 =117 1 00 A 28 5 48 AR ) (CH/T 9029—2019)
b, ST T ARG X AR 43205550 KRR - b K E SR b AR SR TR
MG -0 A 5 45 oA b v ) SR el HCAB 22 5 B A5 I DAy el 5 o PR B 35 3 20 Sy AR R e 3 5 5 A ST
BRI A Y AL 28 DL K B R SR (IX) (BRS8N T HEE 35 Oy Bl e 245 3Bk
el b, MHb R b HER R M K T SRR b 7 Bl L R RIS T (& 2) BT SR SRR B

o ZHL — HL . Hp O RLASE S 2]
— EE R 0 R ki
— il [ HFRSERAER W ki B

B2 FIERFIERAE2019 FLMFABEES
Fig.2 Land use coverage distribution of NCTL-NP in 2019

N VB RE BRI G FEHT 40 20 Mo ARG, DA B LA b B ] A7 A 000l S v 1 38 S 28 0080 FH 14
AR IEPRAR R, T AEIRRAE PR B A (VS 557 A AE A — 24, e T SR IF9E 22 00,
BRI X [l G — A TR R R BT . LAk, N1 55 B RN (AL AT D6 B e 8 75 2 47 oo M S A AE b
LRGBS BRI 73 PR 2R R AR A A2 B 100mx 100m 43 HER 400
2.2 Wk
221 AR IBFEhRAR R 1A g

AR SCHE Sanderson %5 A HHERY 26 TR B0 2 10 3L A b 45 A B A0 BE Y G 2 B A TR 5 i 1
B0, 2 R A AR B , B Ak F N T B R RO T8 3h 38l wlak vk R IRKT O 5 A5 A%
T Bl B AR DG FR bk T PPN 20 Bl P A A2 2 b, BARBEUE I . 1 Fos
2.2.2  AZKJEBFE bR BRI

REF S — A NI R FR bR 2 A B RN IR AR SO 454 A (R A 5 i 184 80 T AL, T ALY L Ry
0—10, {EHE R FR™ NS 2 300 52 Wil A B K, Be 419 31 26 N i 48 A 25 (o] 43 A [ (81 3) o AR A Oy v
wr.

http ; //www.ecologica.cn



4692 A E = 2%

R1 AKRTIEIRERURN

Table 1 Principles for the selection of human footprint index
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Fig.3 Spatial distribution of each human footprint index
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Table 3 Results of principal component analysis of landscape index
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Table 4 Percentage of area of landscape fragmentation in each zoning district
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Zoning Low Lower Moderate Higher High
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— el X (N H R AEIX
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General control zone ( population agglomeration zone )
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Fig.5 Spatial distribution pattern of landscape fragmentation
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Table 5 OLS model regression results

5 i itk TRtk MVEEN 4 . P VIF
Dependent variable  Explanatory variables  Regression coefficient
LFCI UNEE: 35 0.224 17.256 0.000 * 3.003
- Hb A HPIR B 0.332 28.015 0.000 * 2.502
THEE) 0.148 18.014 0.000* 1.206
A3 ] sk 0.289 31.882 0.000 * 1.466
BT 0.008 1.077 0.281 1.081

OLS : Y@ /N — T, Ordinary Least Squares;LFCI;?m&@fh%%?ﬁﬁ,Landscape Fragmentation Composite Index; VIF ; J7 Z Kk 281, Variance
Inflation Factor; * SN¥E 0.05 /K- | @3
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