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Correlations between landscape pattern and plant diversity at multiple spatial

scales: a case study of Hunshandak Sandland

FAN Min, PENG Yu", WANG Qinghui, MI Kai, QING Fengting
Minzu University of China, College of Life and Environmental Sciences, Beijing 100081, China

Abstract: Landscape pattern is one of the important factors affecting plant diversity. However, the effect of landscape
pattern in sandy areas remains unclear at various spatial scales. To investigate correlations between landscape pattern and
plant diversity, as well as their scale dependence, the present study used field surveys and remote sensing technology to
establish plant diversity indices and landscape metrics for the Hunshandak Sandland, northern China. Correlations among
alpha diversity, beta diversity, and 33 landscape metrics were screened using bivariate correlation analysis at ten spatial
scales (100, 200, 300, 400 500, 600, 700, 800, 900, and 1000m), and significant models were selected by stepwise
regression analysis and verified by comparing fitted and field values. We found that landscape metrics influenced plant
diversity in a scale-dependent manner The landscape pattern indices had a greater influence on Shannon diversity and 8
diversity than other diversity indices. The R*(0.138) of the Shannon diversity by stepwise regression was highest at the
100m scale, whereas the R*(0.2) of those of B diversity by stepwise regression was highest at the 900m scale. Comparison
of the fitted and field values indicated that the Pielou, Shannon, and Whittaker indices were significant at the 500m scale,

which confirmed that landscape pattern metrics significantly influence pant diversity at the 500m scale in sandy grassland.

EE&TE . b J R KB — " @ H (ydzxxk201618 ) 5 H 4 B R 2 B R e Sl & T By [8) 6058 b0 300 H 5 K24 AR BRI 25350 5
(URTP2017110024)

75 B H#5:2017-03-23; ¥ £& tH kit B 81 :2017-00- 00

# WM IHAEH Corresponding author. E-mail ; yuu.peng@ muc.edu.cn

http ://www.ecologica.cn



2 S % 38 &

This demonstrates the importance of considering the scale effects of landscape pattern during plant diversity conservation and
indicates that landscape pattern should be optimized and maintained in order to manage and preserve plant diversity in sandy

grassland communities.

Key Words: landscape pattern; scale effect; o diversity; 8 diversity; Hunshandak Sandland
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Table 1 Landscape metrics significantly related with plant diversity at multiple scales in Hunshandak Sandland, China

R Simpson T84 Shannon-Wiener 45 % Pielou $5 %% Whittaker $5%
Scale/m Simpson index Shannon-Wiener index Pielou index Whittaker index
i SHEI, MSIDI, NCA, MCA, CAD, SEI, ] LPI, CACV1, CACOV, CASD, MPFD,
100 MPFD,CAD,NCA SDI,MPFD, 1JI MPL, PSCOV MSI, PSCOV ,NumP , 1JI,

. SHEI, MSIDI, MCA1, MCAI, LPI, o . .
IJI,SEI,CACV1, CASDI, CAGV1, MCA, SEL, SDL. MCA,CASD, CACV1, CACOV, AWMPFD, AWMSI,

MCAT, SHEI MSI, PSCOV , MPS, NumP
’ MPFD, PSSD, PSCOV, IJI, MNN, ’ oS, umt,

200

MNN, MPS, PSSD, TE, ED, SDI, SEI,
300 TCA, CASD, TCAI, CASDI1, LSI,
MCAL, MSIDI, SHEI

MSIDI, MCAI, CACV1, CACOV, MSI,
MPS, NumP, TLA,

MSIDI, NCA, MCAl, ISI, TPI, JIJ,PSCOV,SEI,

CASDI, TCAI, CASD, MCA, CAD, CACoV, MSIDI, NCA, MCAL, MCAL LSI, CACVI,

400 MAN, TCA, MPFD, MSI, ED, TE, PSSD, CACVI1,LPI, igg};%gox ’CIZ)‘DU’IT%;ISDI’ED - TE,
MPS, MNN, SHEI, PR, S, umE, L
NCA, MCAI, ISI, CASDI, TCAI, SHEI, MSIDI, NCA, MCA1, MCAI, LSI,
500 MPI, CASD,MCA, CAD, TCA, MPFD, MSI,  MPI, TCAIL, CAD,TCA,SEI, SDI, AWPFD,ED,
ED,TE, PSSD, MPS, NumP , MNN TE,MPS, NumP, [JT, MNN , MPI
PRD, PR, NCA, MCA1, LSI, CASDI, SHEI, NCA, MCA1, MCAI, LSI, MCA,
600 TCAI, MCA, CAD, TCA, MPFD, MSI,  MPI, CAD,SEI, SDI, ED, TE, MPS, NumP, 1J1,
ED,TE,MPS,NumP, IJI, MNN, MPI

PRD, PR, NCA, MCAI, LSI, CASD1,
700 TCAI,MCA, CAD, TCA, MSI, ED, TE,
MPS, NumP, IJT, MNN

SHEI, MCA1, MCAI, LSI, SEI, SDI, ED,
TE,MPS, NumP , 1JI, MNN, MPI

PR, PRD, MSIDI, NCA, MCA1, LSI,
800 PR,PRD, TCAI, MCA, CAD, TCA, MPFD, MSI,

ED,TE,MPS, NumP,

PR, PRD, MSIDI, NCA, MCAL, LSI,
900 IJI,PR,PRD, TCAI, MCA, CAD, TCA, MPFD, MSI,

ED,TE,MPS, NumP,

MCA1, MCAIL, LSI, ED, TE, MPS, NumP
1JI, MNN, MPI

SHEI, MCA1, MCAI, LSI, SEI, ED, TE,
MPS, NumP, IJI, MNN , MPI

PR, PRD, NCA, MCA1, LSI, TCAI,
1000 PR,PRD, MCA, CAD, TCA, MPFD, MSI, ED, TLA,MPFD,
TE, MPS, NumP,

MPFD ; P BEHR /3 4E %1, Mean Patch Fractal Dimension; CAD ; #%0> X %5 i, Core Area Density ; NCA ; #%0> IX (i , Number of Core Area;SHEI: 7
WIS FEFEEL, Shannon's Evenness Index ; MSIDI; Bt R 1927 3 7% Z2 H M35 51, Modified Simpson's Diversity Index; MCA ; “F-3J4%.0 X [ £, Mean Core
Area; MPIL; 34T 540, Mean Proximity Index; PSCoV ; BEH [ FRAE 57 R 4L, Patch Size Coefficient of Variation; SEI; 3% #8341 2] BE 54X, Simpson’s
Evenness Index;SDI: & Z £ PEF5 %8, Shannon's Diversity Index; 1J1: #5475 35145 44, Interspersion Juxtaposition Index; LPI: fiz KEEHLFE AL, Largest
Patch Index; CACV1 ; BEHAZ O IX [ AR5 55 250, Patch Core Area Coefficient of Variation; CACOV : %0 [X 75 5 2%, Core Area Coefficient of Variance;
CASD . #%.0 X HI FR bR #E2Z | Core Area Standard Deviation ; MSI: “F-3JEARFE 41, Mean Shape Index; MPS ;-3 BEH K /)N, Mean Patch Size ; NumP ; BEHR
$r & Number of Patch; MCA1 : KEH - 2494%.0 XTI A, Mean Core Area per Patch; CASD1 : BEHeA%Z O X T AAR#E2Z , Patch Core Area Standard Deviation ;
PSSD ; BEBR [ BUbR 122 | Patch Size Standard Deviation ; MNN ; 34154153 5 5, Mean Nearest Neighbor; AWMPFD ; [fif BUMAS - 2 BE B 43 46 54, Area-
Weighted Mean Patch Fractal Dimension; AWMSI: I BUNABCT- YT RFEEL, Area-Weighted Mean Shape Index; TE : Si1 2, Total Edge; ED . #1% ¥,
Edge Density ; TCATL: SAZ .0 T FIFE 4K, Total Core Area Index; LSI: 5t MIEARFE 4K, Landscape Shape Index; TCA : SAZ 0> i, Total Core Area; TLA: 5t
SR, Total landscape Area; PR BEH=E & ¥  Patch Richness; PRD: BEBL=E 5 % % | Patch Richness Density

MCAL, MCAL, LSI, TCAI, CACOV, TCA,
ED,TE,MPS, NumP ,MNN, MPI
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3.3 FOUAS SR RHAE Y Z AR R AP [ H 45

FIFHZ AL A 0 77 1 AT 50 JR 48 B T 0 57 e R (P<0.01) 25 R L% 2, fR [T AT LA
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HY) 22 FEPERE I .35 5200m KU, MCA X o 48 ST B, MIEARF8 8O0 B #5 8/E ] 25 4 RUE A 2
400m 1 500m W, ST AR HTERFE £ 5 Y0 Fh 22 6 M 10 35 00 OG5 B RUEE 1938 K SO 2 FEMERR B0 o F1 B
SRR ECE VR IR . ARRIRE T oo RE(RME) BA 25, SV8KRE , SRR 5 Shannon $5 50
B HEEIAH SRR PAAAE R EZE 5 . 7E 100m RUBER, SoUlA% R % Shannon #8409 52 M (R* =0.138) fe K5
FUKSJRAE 900m RE R 5 B HE B AW (R* = 0.2) %8 100m (R* =0.197) .300m (R*=0.118) .400m ( R* =
0.140) ,500m(R*=0.153) .600m( R*=0.107) ,700m( R*=0.107) Fl 1000m( R*= 0.152) F A% Y],

®2 FEEERDHARRENSUEESEMSHEXRRMAERER

Table 2 Optimal regression models at multiple scales for plant diversity and landscape metrics in Hunshandak Sandland

R Ei=g A ] A5 A R I RME
Scale/m Index Stepwise regression model Adjusted R?
100 D y=0.216+0.018NCA+0.005LPI+0.442MSIDI-0TE 0.085 0.076

=2.582+0. -0. CAI+0. -0. +0.603SDI+
" é.soiif;%MgI?(Kgf4¥C(foLAl 0.021NCA-0.005ED+0.603SDI 0.138 0.123
E y =0.717+0PSCoV 0.013 0.010
By y};&l\iz?n—l 0.001CACoV + 0.004ED - 2.391SEI - 0. 069LP1 - 0. 222NCA - 0.197 0.184
200 D y =0.617+0.011MCAI-0.018MCA-0.010NCA+0.153MSIEI 0.055 0.045
H y =1.309-0.091MCA+0.039MCAI-0.015NCA 0.098 0.091
E y =0.706-0.034MCA+0.004MNN 0.045 0.040
By y =30.041+8.481MSI-1.541SDI-34.825MPFD 0.061 0.053
300 D y =0.697-0.002MNN 0.01 0.008
y =1.471-0.006MNN 0.028 0.025
E FAUA Tnvalid
r =0. =0. P+0. LD—12. =0. -
By googéi%n%?zo?ll%mshh(l) 009ED-12.622MSIEI-0.049MNN 0.118 0.103
400 D y =15.621-0.005MNN-0.296TLA+0.049MCA 0.042 0.034
y =40.782-0.013MNN+0.047MCAI+0.108PR-0.791TLA 0.080 0.070
E y =0.856-7.451 % 10 CACoV 0.016 0.013
y =— . +0. +3. =0. +0. -
500 D y =0.713-0MPI 0.017 0.014
y =1.503-0.007TCA 0.018 0.015
E y =0.851--0MPI 0.016 0.013
» =38.180-0.0721J1-29.494 AWMPFD+0.007MPI-2. ASD1+
600 D y =0.702-0MPI 0.014 0.012
H y =0.758+0.129PRD 0.026 0.023
E y =0.618+0.0031JI 0.017 0.015
Bw y =6.007-0.0681J1+0.438MCAI 0.107 0.102
700 D ¥y =0.566+0NumP 0.011 0.008
H y =0.876+0.133PR-0.314MPS 0.062 0.057
E THLE Invalid
By y =-24.131+0.003MPI1+29.968MPFD-0.002CACV1-0.0531J1 0.107 0.097
800 D y =0.462+0.040PR 0.014 0.012
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JRBE 5 A A ALY R JER R
Scale/m Index Stepwise regression model Adjusted R?
H y =-4.154+4.428MPFD+0.119PR+0.002NCA 0.059 0.051
E TetlE Invalid
By y =6.404—0.012NumP+0.017NCA~0.0241J1 0.067 0.059
900 D y =0.437+0.067PR-0.004MNN 0.037 0.032
y =0.135+0.173PR+0.002NCA 0.064 0.059
E T Invalid
r ==21. =0. +13. SI=29. h +11. h +
By % .057?\/[11\13;?0% gggﬁpﬁﬁng;él}ﬁ[ 29.758SEI+11.214MSIEI 0.201 0.186
1000 D y =0.396+0.160PRD 0.015 0.012
y =0.219-0.524PRD+0.001NCA 0.042 0.037
E y =63.627-0.215TLA+4.461 MPFD 0.028 0.023
By 3;9—87\/.[2]\155—0.004NumP+0.050CAD+O.006MPI+6.083MSIE]+ 0.152 0.141

D Simpson B SR, Simpson index; H: Shannon-Wiener ZFEPEFRE ST, Shannon-Wiener index; E: Pielou ¥ 5] 8%, Pielou index; By :
Whittaker 5%, Whittaker index
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Fig.1 Regression model of the measured values and predicted values in 100m scale
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Fig.2 Regression model of the measured values and predicted values in 200m scale
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Fig.7 Regression model of the measured values and predicted values in 700m scale
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Fig.9 Regression model of the measured values and predicted values in 900m scale
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Fig.10 Regression model of the measured values and predicted values in 1000m scale
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