5540 B 6 W) *E &~ 2 Eild Vol.40,No.6
2020 4F 3 A ACTA ECOLOGICA SINICA Mar. 2020

DOI: 10.5846/stxb201903290609
EBE, W, BAE, R BN A SRR XIS 55 A B 23 25 0. AR 2R 24417, 2020,40(6) :1910-1922.

Wang G, Chang C, Han D X, Bai T J.Temporal-spatial changes of landscape pattern and habitat quality in Laotieshan nature reserve.Acta Ecologica Sinica,
2020,40(6) :1910-1922.

ZHRUBARPESURBEEEERERZTEWL

 HT,w W, #4455, aR

IR R e, K% 116029

E o T ECR ARG H S SR G sl 2t T3R5k, A AR AE S R GEHARZ W 4 /), — L8 A AR TR XN B A 25 3R
SRR S RE A2 B R , PRH AL T B o Bkl [ g A AR DX P A Bkl FAR DR O IFFE X, L 1997 4F 2007
AR 2017 AR XA R B GO BRI, R 1 15 Bl SOOI L, A SOMAR SR s A 3, PRI 3 WL KR D il B A2
TSR AR, LE A T Yo B2 [0 AT 18], InVEST B8RS phy 5& [ [ AR BEAR I H AU A, RERE o2 B e AR S R BE I 55 T BE,
PR T InVEST A8 H R A5G Bl PR IFIZ X 20 4Rk AT Yo B2 5 AR 8 i A 22 A8 4k, IR0 b — 8 BOARSCHE . 45
R (1)1997—2017 4, ZHRIL A RGP DXCHE SO | el 3 1T AR 0 e 22, bl e 34 s A 0/ 5 Bl 1 el ) e 2% T AR K
(2)1997—2017 4F B 5 IX A6 DX R 22 nfr XN P05 S A7 1 o, T A% DX 70 22 B0 G Dl 58P 2 ) A 34, DR DXCRR AR 52
B T WS SR AR S, (3)1997—2017 AF 23t XA A 85 o 8 AR 2 B2 0 g 0 8, A 35 T i 2 A A 9 i B P 7
WESEXCAZ O XY R s, (4) A= BB 5 AU N T3 B2 10 S5 WL M B0 i A SR G

KGR BRI AR DR DX SR JR) 5 AR BT 5 InVEST A6

Temporal-spatial changes of landscape pattern and habitat quality in Laotieshan

nature reserve
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School of Geography, Liaoning Normal University, Dalian 116029, China

Abstract: Rapid population growth and irrational human activities have led to dramatic changes in land use, urban
expansion, shrinking natural ecosystems, and landscape patterns, further leading to a decline of habitat quality. The
landscape pattern is the arrangement of landscape patches with different shapes and sizes in the landscape space, which
reflects the heterogeneity of the landscape and is the final result of many natural and human factors acting on different
spatial and temporal scales. Habitat quality refers to the ability of ecosystems to provide sustainable development to
individuals and populations within a certain time and space. It is the premise and basis for all ecosystem services. In recent
years, with the development of the economy, the rapid growth of the population, and the changes of the urban landscape
pattern, the regional habitat quality have also been affected to varying degrees. For the nature reserves, the changes of the
landscape pattern in their peripheral area will profoundly affect the resources, environment, and ecology. Laotieshan part in
the Liaoning Snake Island and Laotieshan National Nature Reserve was selected as the study area. Based on remote sensing
images of the study area in 1997, 2007 and 2017, 15 types of landscape pattern were interpreted by ENVI. The views of the
landscape pattern change network derived from the visualization tool NetDraw were used to analyze landscape pattern change

trend. Then the Fragstats software was used to calculate the landscape pattern index and 3 indices were selected to show the
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human disturbance intensity. The spatial distribution map of human disturbance intensity was produced by ArcGIS10.2. The
InVEST model was used to calculate the habitat quality. Based on them, the temporal and spatial changes of human
disturbance intensity and habitat quality in Laotieshan over the past 20 years were discussed, and the correlation between
the two was analyzed. The results showed that: (1) From 1997 to 2017, the construction land and garden area increased at
most ; the forest land and grassland decreased slightly and the transfer area of cultivated land to the garden was the largest in
the landscape pattern change of the Laotieshan Nature Reserve.(2) From 1997 to 2017, the intensity of human disturbance
in the experimental area and buffer zone in the study area increased year by year, while the core area showed a trend of
weakening and then enhancing. (3) The habitat quality in the study area from 1997 to 2017 showed a trend of persistently
decreasing. The hotspots of temporal and spatial changes in habitat quality are concentrated in the surrounding areas of the
core area of the study area. (4) The habitat quality was significantly and negatively correlated with the human disturbance

intensity represented by landscape index.

Key Words: Laotieshan nature reserve; landscape pattern; habitat quality; InVEST model
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Fig.1 Location of the study area
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Table 1 Ecological meaning and weight of landscape index
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2.4 InVEST 7Y A58 o Ak

InVEST RO 36 [ [ AR BEA T H 20T & 19 T IR E S R GRS DR it M A BE . SRR S R SE
EHAPR N — BRI RS, ISR R FNEE = KRB RGP G A5 i 5~
K IR AR PO RS BT AR S R G SS TR, FRAE A BTG SR LI P04 T 00 2 3
Hi2k . InVEST #8Y Hb (1) A 355 5 i ( Habitat Quality ) £53  3£F LULC ( Land Use and Land Cover) £ , #2 4 A~
(7] %) = b 1) FH IS AR P OB AN (R SU R  FR) o7 5 R i B e R B P B8 303 AR B B i AR SR R AL AR
A BERBbE ) A R TR AR

D,
ij ) H] [1 ) [ 5 ] }
' D, -k

R Y W,
ij = 2 2 T, im» B. Sjr

d

rmax

=1 - [d” j (L)

-299d,, e

S0, 5 j KRN F I o BRSO 1, A S WL AR B D, W j B BT
© BAEBERLRREE b AR E BB Y 0.5 2 0o i B B o 2.5, R 4R T4

http ; //www.ecologica.cn



1914 JAE = 40 4

B, W, R AR,y S - JSBD T AAIA K, YR UM N - AR ST B L, IR y OB
A r XA« RSB RERE B, A A B X 1 X AEAR x R RT IR S S, S j SR S RN A r 2R A Y
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Table 2 Threats parameter table

BT IS S/ km & 23 [ P 2 A
Threats Maximum distance of influence Weight Spatial decay type
e TSk Port and pier 3 0.40 EiRe

K4 FHL Mining land 4 0.50 T4

23 Road 3 0.60 et
TGN Secondary road 2 0.30 2R

K Village 3 1.00 EiEE 3

HEHb Cultivated land 1 0.15 att
KEE4 X Scenic spot 2 0.30 Ei=R Ve

R3 FUXBDAERRERFRESHR

Table 3 Landscape pattern classification system and habitat sensitivity parameter table

e =
R S e T T
Landscape type landscape Habitar ~ Portand  Mining o p g Secondary o e Cultivated g e
type suitability bier fand road fand spot
M3 Forest EER N 1.0 0.6 0.8 0.6 0.5 0.8 0.3 0.6
Ho At 0.6 0.7 0.5 0.8 0.7 0.6 0.2 0.7
HiH Grass land Fh 0.4 0.5 0.6 0.4 0.3 0.7 0.3 0.8
K3, Water T MELR 0.6 0.8 0.7 0.6 0.5 0.7 0.6 0.7
YK 0.7 0.2 0.7 0.5 0.4 0.5 0.5 0.7
PEl 1 Garden Sl 0.4 0.3 0.5 0.5 0.4 0.7 0.3 0.4
HHb Cultivated land K e 0.3 0.3 0.6 0.6 0.5 0.8 0.2 0.2
it 0.2 0.3 0.5 0.5 0.4 0.7 0.3 0.2
FHFHHL Unused land B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
I A4 X 0.4 0.5 0.5 0.5 0.4 0.7 0.3 0.0
Construction land R 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rl b 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

3 #R51TR
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BN CUBUR MRG0, A 50 F 0 T AR AR 5 2 b N B AR sl AT 2 SR B &, AR 590 FH M 20 4F 2K [
NOBASAEAR L, LB Je 28 s, PR PO K A 34, 1997—2007 451X — B B, 89K %R 10.74% ,2007—
2017 AEFHEK %R 24.18% (£ 4) .
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B

R4 19972017 EEMERERTAL/ hm?
Table 4 Changes of landscape pattern types from 1997 to 2017

;ﬁiﬁfi 1997 4 2007 4F 2017 4F ;ﬁiﬂfﬁb 1997 4F 2007 4F 2017 4
Mt Forest 2452.62  2391.24  2272.77 || FEH Garden 192.97 251.60 334.89
HiHb Grass land 134.34 168.48 108.39 AT HL Construction land 288.01 318.94 396.07
#Fh Cultivated land 512.03 475.44 495.12 KA Unused land 74.20 46.26 58.67
K3 Water 169.39 170.65 161.89

32 NFEFHEmBEm a2 B

ARGE NG S BRI X TR, AR SCEE T 15 A 2R A B A 5O S WA Jm) 48 4L
WNZE 5, LR [R5 WL TR 4 S5 UG JRy 18 280, 0 AT s v A Ak B JCASL, S 956 28 o Jo 55 A% Jo )22 T 2K
TSR LAY A ] 22 57 45 NI P05 B =5 6] 73 A& 3,

£S5 19972017 £EEEWIEHETL
Table 5 Changes in landscape indices from 1997 to 2017

40y UL LS T AR ) S-S T AR PR 1 TS ) S 32 BEBR 38 43 K
Year Edge Density Area-Weighted Mean Shape Index Area-Weighted Patch Fractal Dimension
1997 112.7728 1.7980 1.2036

2007 112.3094 1.7661 1.2014

2017 112.3862 1.7457 1.1958

LG 1R 3, A ks SR LA DR DR A A -4 5i FEE AL v 3SR g AR PG B 2R I G i i ) A
oo NETHUImRBEARAIHIX — BACTERTFEIX BIRZ O X 55 J3E e B 3t DX 23 A T 3038 XM Z2 i X, 35 A 055 o
(023 W) A A 3 — 2Pk, 5B i T 2 AT T PR DR DX F i R 3, DA B0 X 8 M M S5
S MELITT K, A A N Yo BEBUR 1058 DORMZ L X T B 41, & 245 B BRI % A EE B
M TR AR, N ) A1, N2 3 i o
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Fig.2 The views of landscape pattern changes
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Fig.3 Spatial distribution of human disturbance intensity in Laotieshan Nature Reserve from 1997 to 2017



6 3] EHF A BRI A RO XSO SR 5 A BT RN A AR Al 1917

B B A3 5, %% EE ED  RBUINAUGF X AR R AWMSI FHE FINAL )73 BEH 53 T 46 21
AWMPFD =ANEHORIR I 52 TR Fe b B A REAR UL SO R 0 2 24 e R AR, — e R U B T {k
SOWZ NG TR EEAER I, B 5 v s (i XA TR AE = AN B Be rP ARk i, 5L — e 3 1 e s 1 R e
RAEAAEDRFR R BT H, 1997—2007 4FiX — BB, AR N FH R SRR, kb 1o AR S s s 3, HLIE 3h
AK AR FATEACEHE &, AT AR 5 A SR S I i s 147 2, 37K T b DXRE 7 7K 2R i
0 E R DUSR e Ay 2 A el b TR I (A5 DX RN 2 it XN 2S00 B R4 R 398 i 5 Rt DX AR AR
P X VIR AR TR G TP L, 33X PR 5027 A VT s AT 40 b DX 5 B X Y vl b DX ) - e 7 S Y 14
RINEFEE R & . (HAH LT 1997 45,2007 4FA% 0 X PN A e (B DX B Y b ik /D 5 45 /N, 4200 IX Y
T AR T T, Ul B AR DRI G o XN 2T 5 B2 MRS 5 (Y A O DX A P Ry 58 38, X% 0
DX AR B AR 2 A - b s AR A T 7B 2007—2017 43k — B B, AR L TR — B BOE R K (H
2017 AFEAZ O DX ARG v (L DX A BEBR R B 34, 156 B N 2836 2l 48 [ A% 0 X N BB 85, 1T il 1R T3l SR 4F &
ST, AR I KT 3 i oy 4k A5 Fh<F i 45 Ui 2 B BN, N 22 5 DX R 48 B S A% 0 IX
B NZE TSR BESE N, 3K — B B g X G i X0 T PI0 9 B WA 3 0 S5 W1 30 0% by S BRAE B 5 IX P LR,
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NG i DX PR B ) R MRS HRIE 1A% XA T BE ORI, (45 2k 1l B SR R4 X B9 N2 T4 0 A 52 81
B FIRg RS SRR T AT AR 1997 4K 2908.75 hm?,2007 4E R [%K 2701.75 hm®, ] T 2017 4F
NFES) T 2567.75 hm?*, 1997—2007 4EA8 /DR K 7.12% |, 1] 2007—2017 4E A0 5N 4.96% , i 160 | B
SRR FE TR AR — ELAL T R Rt s (H5E BB T R iR B W 5 AR T 50 — B B, AT Y i X DR R T
— 7 AR AR 1 i

m 'ETH mBETH BETH

2017 2567.75
g
> 2007 2701.75
RS
&

1997 2908.75

0 20 40 60 80 100

& THRFLHE 5 kb Percentage of each disturbance level/%

B4 ZHRLUBARPEARTFHEERR AL

Fig.4 Percentage of each disturbance level area in Laotieshan Nature Reserve
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Table 6 Area transition of each types

1997—2007 4
L AT
The transition area

from 1997 to 2007

Transition types

e m ik

Transition property

2007—2017 4F
R
The transition area

from 2007 to 2017

1997—2017 4
RN
The transition area

from 1997 to 2017

el Rl S

1
The mild to the moderate G 212 140.25 326.5
R

il
The mild to the severe B il 36.5 48.25 73
R R
The moderate to the mild IEF 39 42.5 50.5
W R - o 1508 s
The moderate to the severe
o R
The severe to the mild IEF 2.75 12 8

e i

T 1E I 11.75 47.25 13.25

The severe to the moderate

3.3 EEEFEAE AT

1997—2017 4F£4k 1L B SRORP X A A= 35 o 1w 25 (0] 0 A G 00, AnEl 5, AR P Natural Breaks( Jenks) H R Wr i
AT RS AR 1.2 .3 4 USSR, BN SF G (B DX R] 454503 7 A S5 90 4 b v AR Bb 5 R A= 1% I
EWENLET,

F7 19972017 EXHLBRRPREERESRFE
Table 7 The level of habitat quality of Laotieshan Nature Reserve from 1997 to 2017

\ 1997 4 2007 4 2017 4F
o SHEIKI A A A
Tevel Value interval ~ TIFRHLE/% igieli] AL/ % B {E THRLLE/ % sisieeali)
Area weight Average value Area weight Average value Area weight Average value
1 2 Levell 0—0.2 7.78 9.02 10.43
2 2 Level2 0.2—0.4 10.76 12.61 12.95
0.6682 0.6511 0.6386
3 % Level3 0.4—0.7 21.43 20.64 20.66
4 2% Leveld 0.7—1 60.00 57.73 55.96
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Fig.5 Spatial distribution of habitat quality in Laotieshan Nature Reserve from 1997 to 2017

a3 7 ME S, NBHE_ A, kil B SRR IX AR B VAR BT A 1997 4519 0.6682 | 2007 4F11) 0.6511,
FEH] 2017 4F 0.6386 , B K | B R FEAYHEH, 1997—2007 4FHL |1 2% 2 %51 4l 6% 1 AR LL B 2 10 30AS [ A
B EFE, B K T 1.24%F1 1.85% ,3 i M i AL L E BRI T 0.79% , 11 4 Z i M b8 R BE T 2.30% .,
G4 130, X — I3 T | AR T R, e A 5 ) R A B 2 3, R b b ) R M L R | (i A
A T R R ) SO R TR R EARYRAE T, X — B I (R TR 4 0 R T A N 3B SR 2 R T 2
WS AR, BT AR i A% AL, 2007—2017 43X — BT, K 1 9% .2 G805 b 1 T AR LL R o A
T, 4351 1.42% 0 0.34% ,2 2% 5t M iR B /N T B — B B, 3 285 i T ARUVAR FR AN R, 4 4 i b g A L
BEHWT 1.77% ADWIE/N T L —BrBr, X —BH, i A D g S AU, xR AR B B AR T
JE O A B P R AR R, AR LT — B B AR B R B A A B A U R B Y AR,
FRH T 2012 4F 11 J 380/ \RER T KOk AR 28 SO A 1Y) AR D38 ST LA Sk 25 1l D7 B0 R
BRI —BOR , PR X AE AR S RGN AMER IS 3] T 206 S48, X —BHH A TDAZ O X 8 4
YT ORI B | %00 DXRN % 1 DX A8 38 0 - MR . BF L o5 T, ELAZ O DX P A I DX BRE B () 184 im 2 o T
LRI & RN, S XA 8 T IR &, LA 5 15 42300 2 R T R, LA R e 2 () AR SC AT Ry XA s
BT IR AR T RO X A B it

SR T I0 R OA R f  T  LL SRR DX A B B P B S AR AR, T T 1997—2017 AR AR 45 T A
Bz AU L FEEA TV B AT A5 R A A T AN 1] 6, ¥ 3RS 43 AT BB 5 T A b 1R B 28 48 2R 43 WA 67 F
FREE ARG 6 T LUE OSSR TR eI BB 5T X A P L | R RN AR B B /N o3 L X, JL TS R 4 X A%
O IX A HMNE AT, P AE PG ICERFIZARER , I 2 M X FE 20 A5 PRl B At b X A= 358 i AR A A, 0 2 i
A 7 A o ) ML DX AT R R PR 78 i TR Pl (A A B o i 1 B T 3R IR B A % 8 R
DX A A T BB R T AR AR U S A T R W S N, I e B BELEY 07 e , AN A G0 T4
L FEAEPOR ™ AR BRI, ¥ S R R A E AR X R, ol e ORI G2 i X A2 AL
PARAZ A X ZRFR ¥ R AR FRIZ I X 20 APk A B Tt AR AL AN K, 25 B A B o i 25 (B AR R IR R 3 A
YA 15 X A 3 T E =B AR R T 1 Rl 2 9, W RS — EAL TR IF AR, b F AR S R %%

3.4 USRS AR A BT

51 7 RN L SCRTAT, 1997—2017 A7 MM 1 B> T 7.33% , el i FD 8 5 i AR o3 B3 i T 73.54% i
37.52% , Ut SCEOU LR 5 T F AR 50000 FH 1l 45 1 98 5o 00 1T AR 20 | FL T — B B2 0% T P ot 2 o R 22K
FIa—Br B ad E 8 ML SCA i AEBE i 1 ZOR 2 25 FH b i AL B BE 0 2.65% F1 2.19% , 3 44 i H
AR AR, LLE R BE T 0.77% , 1 4 90508 F b B8 Z> 4.07% , Bl — W Be AR B Il it P IR 2R F s —
BB, 256 A B B i PR B A A 5 i 1 A5 18] 43 S 5 AR AR B A R, A R AR BRI R i AR 25 200

http ; //www.ecologica.cn



1920

S %

IR WSV SR AR A A 35 Jor e ) ) ST AR, AR

SCHETF B AS (A 5 LA e 1 e 25
PR B R 27 IR, Bk R R T SR Y K
S ABATRHIAEAERE S . A SRR THRIRE M50 PN
W BRI T A B RLHESR 0510 R ™~
i, T A5 i

UL W) SCPRBE RS | P — 4 A AE IR LB, A

S oA LR

>z

KPR 922 5 B A | -~

WHFE 2 5 18 3 18 4 2 B AR R4 BT AR iy A 26
TR S A e AR AP AR AR, DA «

— W5, B Pearson $8 0%} 1997—2017 A AT
SAHT, 153 Y 1997 4E 2007
AR 2017 AEAAR SEMETE 0.01 ZKF (U | A 56

SiR EE 55 A 45 S A AT A S

0 2 km

4 e I o

SHU -0.812 . —0.738 F1-0.732, a0 iZ Hh XA\ 2

T EE 5 A b

EURSE RIS Puam BEXS A4

WS SRS H AR A TR R iy O

SRR, TN AR TR A IR S [A 1, AR AR ST IR 1k

Fig.6  Cold-hot spot distribution of habitat quality change in

Laotieshan Nature Reserve from 1997 to 2017
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