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Spatial pattern of shrub in southeast Alxa Desert based on high resolution

unmanned aerial vehicle images
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Abstract; The vegetation spatial pattern in drylands, which is dictated by various physical and ecological processes, could
be interpreted as an indicator of the ecosystem state. According to the statistical analysis of shrub patch size distribution, we
estimated the ecosystem state of desert vegetation in the southeast of the Alxa Plateau. The interactions among shrub
populations were shown by point pattern analysis, to illustrate that different species might act as various ingredients in
patchiness. Soil properties and roughness of underlying surface were surveyed to support the estimation. Ultimately, the
internal mechanism of the differentiation of shrub spatial pattern was discussed. The results show that the truncated power
law is the best fitting model for the patch sizes distribution in quadrat 2, while the lognormal distribution is the best for
others. Assessment of ecosystem states is verified by the comparation of habitat conditions, which shows that quadrat 2 is

better too. The interaction at small scales between shrubs varies with different species, competition dominated relationship is
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the main reason for the narrowing down of patch size distribution. The positive relationship within species of small patch
size, such as Oxytropis aciphylla, is conducive to the formation of diversified patches, whereas species of large patch size
with facilitation at small scales, such as Ammopiptanthus mongolicus and Prunus mongolica, give rise to a complex pattern.
Sound management should consider to comprise assessment of ecosystem states through shrub spatial patterns, which will

provide indications of conservation and restoration of vulnerable vegetation.

Key Words: ecosystem states; patch size distribution; point pattern analysis; soil properties; apparent roughness
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Table 1 Characteristics of quadrats in Alxa Plateau

i T EE/ % HEAF B/ (BRa A /m?) Iy % WREE/ %o
Quadrat Cover of shrub Shrub species Density Cover of species Frequency
1 7.92 ¥ 45739 )L Caragana korshinskii 0.0456 7.68 43.16

5353 Oxytropis aciphylla 0.0567 0.18 53.68
SEGREE Ceratoides latens 0.0033 0.05 3.16
2 16.24 Fr 45739 )L Caragana korshinskii 0.0422 12.00 28.57
Wik K Oxytropis aciphylla 0.0756 0.98 51.13
Vb4 Ammopiptanthus mongolicus 0.0078 3.25 5.26
JE4R XS L Caragana pygmaea 0.0222 0.02 15.04
3 6.57 H T Zygophyllum xanthoxylon 0.0788 2.37 45.81
A Bk Prunus mongolica 0.0577 2.73 33.55
KZ Atraphaxis frutescens 0.0222 0.11 12.90
YEREE Ceratoides latens 0.0078 0.05 4.52
VAT Ammopiptanthus mongolicus 0.0056 1.31 3.23
4 13.54 WSk Oxytropis aciphylla 0.4011 13.20 96.78
SRH39 )L Caragana pygmaea 0.0133 0.34 3.22
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Table 2 Parameters of shrub patch size distribution fitting Power Law

b P B/ m? FE b REA Bt TR ]
Quadrat a Xnin Sample size of tails Power law range
1 3.241 1.862 16 0.167
2 1.374 0.021 102 0.745
3 2.210 0.480 33 0.405
4 3.510 0.973 30 0.240
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Table 3 Comparison of model fitting of shrub patch size distribution
Rz vl EE Gl TR R XHAES S
e Power law Exponential Power law with exponential cut off Lognormal
drat HH 5% 5 /> Py
Quacd AlC BH Al 4 AIC # R /m AIC *
« B « u -
1 26.70 1.269 137.62 1.297 30.11 0.649 2.182 0.60 -2.863 2.805
2 160.73 1.374 275.46 0.702 142.38 " 1.078 10.053 151.88 -2.631 2.731
3 60.10 1.355 85.20 1.826 55.15 0.464 1.031 14.87" -2.006 1.778
4 174.09 1.314 -98.10 3.101 -107.77 0.262 0.444 -167.81" -1.959 1.372

# FNE—MEFT AIC F/ME; AIC: JRHbM5 B EN Akaike information criterion

2.2 A [ERS SR HE M A B A AR HE
T E R AR D, IR )2 SRR, 7R 27 ¢ KB Tr 1| HHERIZ Bk Rl e

http ; //www.ecologica.cn



6784 A E = 2%

F(P<0.01) AR THE T 2, LIHZE KW T 2540 T, B s
U7 2 BRIEG T HOK A B TR 1, BTREDTI R o °
¥0(0.25—0.05mm) F B AR (LR 4) HHY  § | :
(2.0—1.0mm) FHABIET 19 (KRFVH) FEI7 1Pk 3
R R % (P<OOD IR TR 2,807 2 b liesy 2 | g °
T4 B 35 (P<0.01) BOES TAEDT 1, BimIRe 2 9 & g 5 o .
B TR BT 1 T 16 00y - HEREAR AN Ak S AL & 5 8 j
ZHO AR B, B R R B AR, R T > 3 7
Wi BT 2 BF MRS B2 (P<0.05) K F FETT Quadrats
BEJT 1 A0 5 b R P T 48 1 5 A LR | 11 55 XL B3 EABHANELE
E/‘J ‘H*E jjﬁgio Fig.3 Boxplot of shrub patch size

o ZWnAi  — WES MBPOER

o FEJ51 1 o @@ o
\N
o1 L E\K@ 0.1 L
: 0.01 |-
0.01 k ! ! I |

0.1

%)
%\OO 001 - 2
Q o
0.01 . ! o I | | o |

0.01 0.1 1 10 0.01 0.1 1 10
B K /NPatch size/m?

ZRPIF Cumulative frequency
T T
Z
o
T /

B4 BEMBRKNSHERUS
Fig.4 Model fitting of shrub patch size distribution

HIES APAL A 1 10em 3K 55 5800k CHIP InZiv> ) KBRS HE OG5 408 e 2 1E
FHOG MR ECK 0.26 , TAE T 2 Th3R)2E K45 58Ut 35 10 0 O, 55 R Ry 438 4 BCRR i 2%
FITE ARG, T 3EK A3 5 HAM S R A O RELHE 0.42—0.44 Z 8], PIRE DT B A2 B8 S5 A 45 ok B FE Ty 2
LA RE Sy, ALY S HLAROK M X528 (RIS SR X R B 2R GRS VA 45 SR — B, UE A e O e
23 (B4 e A R T G2 A SN AR BT T
2.3 FEAFPPN A E A E R

DAHE AN A BRLAR B 1) 05 A% SRy e BT SRR B R 1 AT 2R 7E 0—2.5m 4.3—5.4m \5.5—5.6m RUE [ abF
PS50 40 B D5 2 HAE 0—1.9 m RUEE [R5 004 (WL 6) s 8677 2 Al 3 b 475 43 BIHE 0—2.8m Hil 0—
2.5mRJE FREA)AE AT 3 Sl BRAE 0—1 m REFE FoN5) 04 16 1.7m 2.9—3.3m R RENT,
B E7E 0—1.5m .8.3—8.7m Fl1 9—9.1m b 25 53 4ii s 76 < 10m By HADE [ A, DALV R Bl AR L2 Bl AL 3 1
Pl 2 ] 7 S0 Sk 0 A 50 0 A e A, LR B SRS R e AT R A AT S B0 R Sm Y HPP A%
B, FEAEFEAE Sm 0 A KR S (RIS SR, HR O (r) fEAE 0—0.2m (F£J7 1) ,0—0.3m (#£77 2) F10—0.5m
(REJ7 4) R F/NTEASIXIE] RED7 2 FF7E 0.7—1.6m K 2.1m R R TEAF X, KD 4 H 2.8—4.8m K.

http ; //www.ecologica.cn



16 1 FERSE A5 HE T IO NLRAR 1 P75 2R 1 38 e 0 R ML 2 W) A Sy F 5 6785
1.0
Sand \ \ Sand ‘ \ \ 08
0.6
o0 |-
Water * Water 0.2
—— 0
D / D / 02
-0.4
-0.6
REH 1 Slit&clay B2 Slit&clay -0.8
-1.0

29
23 F
1.7
1.1t
0.5

0.1

[ 25 — K gE it O(r)
o

3.5

2.1

0.7

0.2

0.1

5 HEAUEAR S5 A KBIELE

Fig.5 Correlogram of Particle size distribution and water content
Sand ; Y04 ; Slit&elay : HiH KL ; D TR ; Water: 10em F 3875 7K Rk IR (AR SUMIOG 1 LR IEMIGE IR 1 + 7R P<0.05 AHCK R I
&, wx R P<0.01 HIXKR B

T ks

FETT 1Ak

—

2 AH

HETF 1 AT A Kl

73 S BRI

0 S T E—
0123456 728910

Fig.6 Point pattern analysis of shrub patch

2.5 0.2
2.0 RI3RE
1.5
1.0 0.1
0.5
1 I I L 1 1 1 0 1 1 1 1 1 1
0.1 HEIT2 M3kl 02 HEIT3 Skl
0.1
0
. 0.2
o8 T3 AT HEIT3 SR
0.6
0.4 01
0.2
0 0 e
2ap T2 EEARA 22 HEIT2 AR A

020 BEJF3 PARMSEH b

0.1

0 I T T —
0123456728910

2R JE Scale/m

E 6 FEMBEREIERDN

04 i3 WAHMBHE

0||||||||||
01234546 728910

FLL LAY O (r) B, KA AU 95 9% 815 DX 1] 3 48 Sk 2 ] N H 56T 0—5m

JEERTEAR K], BRI Z A, 75 HA < Sm 530 Bl A =N 5 Hrof Sk R ) 23 ) e A9 A0 By T
B A SEALR 20 Sk A/ N RUEE B ( <5m) B 5 1 0 BE AR MR Jm) | X o SR A R ST B Al O R v 5
S EAERUINRE EARIR L TE S G R 0 3, S BRI GE I BREAR . JE3E RZEIRIESRAS Lk T4

http ; //www.ecologica.cn



2
He

6786 2 SO Eire 2%

A SN ARG — 20

R4 BARNRELEKS HUMAR S HEEFRIEEE

Table 4 Water content, particle size distribution, fractal dimension of surface soil and apparent roughness in quadrats

N . b/ % AT/ % Kt b/ % e v —
BE Bk M % e i S FURTEIE/m
(1.0—0.25mm) (0.25—0.05mm) (<0.05mm) . .
Quadrat Water content . ) Fractal dimension Apparent roughness
Coarse sand Fine sand Silt & clay
1 1.11£0.05 " 1.11£0.13*" 94.12+0.37 " 4.54£0.26 " 2.3273+0.0128 "~ 0.2272+0.0181 "
2 2.72+0.09 ** 3.39+0.22*" 86.80+0.54 "~ 9.59£0.44 " 2.4674+0.0102 ™" 0.3427+0.0302 "

[A]—31 * /R P<0.05 27 B3E, «* FIR P<0.01 2257 BFE

XU 1 A M Ry 3 T 4 AR SR W A S5 B LRI Sk RIAERE 7 1 0—2.3m RUE FAATE SR 4 X R, 5.6—
6.4mE FAFTEERSC R, HEH 2 HAE 0—1.5m R FAFE R LR (WK 6), V4 H Mty &3 LTE
4.4—6.3m N FAFESE R R T 3 b & MS i ARAE 0.6—1.8m B FAFAE BRI R VDA H M
FAE0.5—1.3m RE LR EFXR, Sl RS T7E 0.2—1.6m RIE LFERLFA R, FHEAMIE<10m
B A RUBE 2 RN B

3 iTFig

3.1 FENBEHZS A R R AR S RGOS AR R

2007 4F Kefi 2571 Scanlon %510 43 5] 78 Hit e A PH b R 350 52 X0 1 A 2 A 36 1t 2 b 00 4 A TKNOS
AR (4m PR AR B 2500 ik IR T 52 XA B BB K /N3 (8] 40 A 45 S e A, ARG Jo b B2 A &5
B ZS RIS R, ARIEFAR A M, MR8 8 1< o <2 W), HOP S5 E Ay 22 & 8L, ASRE S H BRI
FRIE KB Kefi 257 LA s BB AE IX 8] (1,2 ] |, Scanlon 25 LA 1Y 6 il s 5 MEIZIX A, 43
AT 2 LA AR AR AN 1.374 B R IFEECN 1,048, FREAEE TObR B ()25 [0 4% Jay 3 4F 3 1 FH 8 J%
SR TR EE ML B 25 [0 A% S AR 78 v, B A0 R o0 SR FAS s BR > )| PR HL 2 o) o R A i, BRI/
TR Bl B K FLR] B (4 2017 4F Berdugo 25 AR HER <0.3m) Bl JC A MLIN 2 A 19 B, AR 3G i
A B SR IR AR, 73 P <0.01m, 76/ REUEEE IO Z Y BEHE B 78 18 GE Jik 5 52 L g
UEAY R BEIT, Xu 2558 A2 098 X Ih 250m>250m , 2 A 60 > 0.5mx0.5m £ 77, Meloni %52 524 0F 55 IX.
B KA 1000 m*, HIE] % 80m* FER 5 4™, Berdugo 25 HA] A K A 30mx30m #£77, A T RREA I $20
GEIHERL AT A BE TR AR AR KB 50mx50m, A SRR L L1 2hy 30mx 30m , # J7 Hhe ABE B e
DI 100 M FF G Clauset 572 BRI HLAFEAS IR BEOR . Kefi 5570 78 2011 4R35 T8 3 B8 DU JChR i 2
(A% SR VB M AR S R TR R 55, MO IAEE T T 38 K 5 BB H AR SRy e iR AL ), Rk B e /N5 () 43
A B R, I R (5 Sl T A AR S RS 2RI A S A BEES . 2019 4F Sankaran %6 #§
WA S RGOS B BN TESK S ) 5 I R B R BRI HE s M AL T R 4IRS AN fE
TP AP IR E PR HESS . Meloni 25 35 HXHBOE A 400 J& bR AL 4310 AT T 52 KA g BB b 47 R
SR B 23 AR 2 — 51253 A BIAR B R Ge HOE BAZ Jmy M BEAIL R 52 e AR g P 0 25 o AR ST DU R
HARETT 2 5 B iR AR, A 7 B4 B X EE S A A, BARARE 7 2 M R G R AT HE A 35 454
X EE A AT AAEIE T 23 (A% R DA 4528, 5 45 %85 Landsat S5 545 GORHT R X Sk Vb Ak 720k
TEAR I B R F A el b5 i e i a3, (HAS St SR e W E v B8 — e T 5 Jt ol Y8 1) Jmy Ak b IX | DAL e %
GUIRER 2%  HE VD AR R FE IR By P o
3.2 JEARPP PRI ] G Z X DA AS [E) A SR 5 M)

JINROBEABLAPE B4 Jol S AF L 56 R 02 KRB 25 TR A SRy T L B 28R s 11 AR SC g Ry o M i 285 SR, W
PABEH 25 ) Jeg [] ) 52 300 A RO ] 5C R B S2 00 . T AR R N R TE /N RUBE A7 78 1B 35 I 5a 4 0%

http ; //www.ecologica.cn



16 1 FERSE A5 LT IO AMURAAR B B4 35 A< 1 AR i BT DB B 25 TE) At JRabiE 5 6787

R, RH A A B RR 3XT RE S T EOZ M X HE A BEH B A EB R SR N R B AR S RIS
G3A BB R R R R — M 24 15em , B F7E XU VE T T A& 45 FE 25 BR 5 [ B A Sk il SUAE O—Sm TR N 1 30
TR B RERE R 3 g AR 3 FERE 7 o RS — Ry« S 387 BB (L 2) , g
TR S AR SR, T 52 7t Jm Bk SR, HORBRE B ) 1L 36, 26 P 2 b X — o RUE b 2 A1
Sheffer 451" A Ry LAY 5 Jo 1 2 Bl 45 P2 & AR AR Ak /NI b (B 25 LR Poa bulbosa ) RESETE WL 22 #E
PR Z 1814 SRy, T R FEUH) ot ( il B AR Sarcopoterium spinosum ) W [ T 8 3 R 2 0] T 52 X ARG S R P 2% [
J s Xu S5 K BURE ) 18] ) B R 6 22 T IR B R A AR A 25 RIS SR o AR SCRE Y 3 WP i B/ NRUE 5704
TS B BARIDCR | A AN — 2R B3 A R T KRR B < 4r 3 wi . M7
2 PP AT S AN JLAE/INRUBE A DG R AN BB, sl 3 190 3 22 1) B R RD 3 4 06 R AL AE A BB O 1
KEIBES, K] 3 FEH7 2 10 m* DALY 3 A ESHE AR 2 FR X PN EAR R B B TR B, BOm3E N 1 HEABEHL 1 25
] 52 P, ) DLAE -2 bt b R ] () BRI SR A R 00 LA e 43 A 19 25 [ A% Js (RE 7 2 R 3 1Y
PLR 2} 5145F 0.745 #10.405) .

0308 3 A R E AR R P A T A7 U5, o EL T A BRSE E A 7 01 AR P S48 S 10 J8 T A o D) ok e R
A1 1 B R AR A P T PRI AR RS & RN TP R 25 RIS SR ) R IR )k e A st AL e Ik 10 25 5%
VAT IR R BE SR [ A SR B BT 6 v I A L V-5 Y D 3ok 38 [X, Rl A Al o 4 ) A 45
ARG R , — 2 PR R 1) R AR R X B )3 By R, AN AR R UE T T, # SR AR VD & 75 18
TE IR UPHE S ARV HE AR K AE P W AR08 RE, B 1 RIS 7 3y 2R B LI B el 22 (5 6T, A T T
B TR, SRR A ATB T R RE AR 6 X 33 A B T R A /N o B B A 87, A AR
SCHR SR R BRI 43 X @ TR AE RIVE T . DRI, (R4 R 55 75 R A ot 12 b X v o 9 W 2 R e el
B, 7E TR XGRS YR B = 0 AR P R ) G 2R Ry & 4%, 2 ) S o R T, S
H RLIR AN S IR BEHR LA (9 SR S AR B 5 (AR Ty 2 Fi7R ) , T ABE R K /N 245 18] 43 A 76— 52 T 1 P R 3
NI
3.3 HEABEHAS [A)AK R 22 S N FEA LI

AR OANRE D IS A AL, TTRE 7 2 ¥ )2 38024 5 K B R F AR 1, 38 5 b th 5 A 4
SEER A SEAIVRA) X 7K S5 W B TSR AR ARy IR B 5 K o O AE 6 R I — B, X 5 T A R 5%
TETEWERE R b & B EE AR BB E X - K S AN 5 3 ST b A G, T8 32 A4 14 52 0, 0 ) 358 ) 3
BASR 23 AR + K 4343 A 0 [RIE, T DA SR TS IX S S T RS G ) 32 A R o, FL o R AR S 45 ]
B 2 i S R e e KU B VR, FE /K B A BRI 1 29T, DAk 4 25 TR) 4% Jm BE AR A0 I RUBE 13 ek 34 K
M FERURE R Wl 55 R, B SN A0 3RO DR R MR T R 3K oy R IR R T 4R L,
BETT 2 v AT B 5 i 6 R AR - [ 77 A T At ) I S5, SR LI B T R R s 0 s DA Ry, HARSC
25 [BR RE /D R IR DA ST T S TARDRS 2 15 T A BEEA% S5 A B0 56 R, R TR AT DR 22 o 40 BT T DA R R AE 5 B
KU P 1 A A 2 AL A N — 29 B R

4 Lt

TENBEDR (423 [ R REAS A BV e B AR S R GRS TR ALER A 175 (5 B . BFFE XN HE A BER /N2
[l A AT S R R R DT, AR S RGUIRAS I T B X BOEAS A0 AR T7 . A [RIFEA R b A R ]
AR RH B F 0 25 1A% Jr AT S 35 2, /N OB B 5 4 5 2RO T2 I BRI AR A F) o 2 SR /N EA (i =k
) Bl PN B LA A T RE S S I U AR AL RO BEBIE 2 | TR HE A (Anvb 2 A5t i Bk ) i T A9 LA G 2% | BE
3 RHE PRSI S e I U o R 2R S I IR ol A S X AR 28 R GUIRAS , 7 M R R SR 54k
AR TERLR , X SZASR B B PR S R H A T B S B 0 (L

http ; //www.ecologica.cn



6788 A E = 2%

2% 3L HR ( References)

[1]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

[28]

[29]

Aguiar M R, Sala O E. Patch structure, dynamics and implications for the functioning of arid ecosystems. Trends in Ecology & Evolution, 1999, 14
(7). 273-277.

XKUPRA:. 52T R X BEHORAR AR SR UL FE 0t . A= Z5574, 2020, 40(24) : 8861-8871.

WRTE. A58 PU YD DX BERE B o S b A S . JUat . RO R EROR A, 2005 136- 141,

AL, /M, TR E. S R R M A R A Y R S AR AR, 2013, 33(22) ¢ 7221-7229.

Von Hardenberg J, Meron E, Shachak M, Zarmi Y. Diversity of vegetation patterns and desertification. Physical Review Letters, 2001, 87
(19) . 198101.

Génin A, Majumder S, Sankaran S, Danet A, Guttal V, Schneider F D, Kéfi S. Monitoring ecosystem degradation using spatial data and the R
package spatialwarnings. Methods in Ecology and Evolution, 2018, 9(10) : 2067-2075.

Kéfi S, Rietkerk M, Alados C L, Pueyo Y, Papanastasis V P, Elaich A, De Ruiter P C. Spatial vegetation patterns and imminent desertification in
mediterranean arid ecosystems. Nature, 2007, 449(7159) : 213-217.

Sankaran S, Majumder S, Viswanathan A, Guttal V. Clustering and correlations ; inferring resilience from spatial patterns in ecosystems. Methods in
Ecology and Evolution, 2019, 10(12) : 2079-2089.

Scanlon T M, Caylor K K, Levin S A, Rodriguez-Iturbe 1. Positive feedbacks promote power-law clustering of kalahari vegetation. Nature, 2007,
449(7159) ; 209-212.

Keéfi S, Guttal V, Brock W A, Carpenter S R, Ellison A M, Livina V N, Seekell D A, Scheffer M, Van Nes E H, Dakos V. Early warning signals
of ecological transitions: methods for spatial patterns. PLoS One, 2014, 9(3) : €92097.

Von Hardenberg J, Kletter A Y, Yizhaq H, Nathan J, Meron E. Periodic versus scale-free patterns in dryland vegetation. Proceedings of the Royal
Society B: Biological Sciences, 2010, 277(1688) : 1771-1776.

SKBEHE, WA, IR, IREERL, K22, MERESE, RS, WOL, AL, D, ST AL R R XY LRSS A A S [ S AR A
AR, 2017, 41(2) ; 165-174.

FAK, Bk, 2o, sk O, SRR FEBR SR A TR B A R IR SR B, S SR, 2019, 39(17) : 6273-6281.
SR, M S0k, BT, ST AR R SR AT T D0 B L [ BT AR AR, 2017, 37(19) ¢ 6624-6632.

Frasy, P, EER. TR EESCRRR R A K 2 SRS L S B e BE . R0, 2012, 31(8) ; 2137-2144.

Sk, FIT, SKRATEE, mOCR, BRIERL, KA. TR LU YY) B SRS M AR ARAE. AEASAR, 2008, 28(12) @ 6099-6106.
JAETE, ARoo0, XEME. TRIEE X ZMA SR AIRE T S R R, st BlEE L, 2010. 8-16.

Progek J, Simova P. Uav for mapping shrubland vegetation ; does fusion of spectral and vertical information derived from a single sensor increase the
classification accuracy? International Journal of Applied Earth Observation and Geoinformation, 2019, 75 151-162.

Tikk, HIEAR, BONAL, BEPET, TEE, Wi, BIKE. oMU TR B MU o5 6 A o 4 0 ] —— DL B8 58 DA 1], 15
XHIRSIHEE, 2018, 32(9) : 150-156.

Kéfi S, Rietkerk M, Roy M, Franc A, De Ruiter P C, Pascual M. Robust scaling in ecosystems and the meltdown of patch size distributions before
extinction. Ecology Letters, 2011, 14(1) . 29-35.

Meloni F, Granzotti C R F, Bautista S, Martinez A S. Scale dependence and patch size distribution: clarifying patch patterns in mediterranean
drylands. Ecosphere, 2017, 8(2): ¢01690.

Clauset A, Shalizi C R, Newman M E J. Power-law distributions in empirical data. SIAM Review, 2009, 51(4) : 661-703.

Berdugo M, Kéfi S, Soliveres S, Maestre F T. Plant spatial patterns identify alternative ecosystem multifunctionality states in global drylands.
Nature Ecology & Evolution, 2017, 1(2) .3.

W, W3k N TSV 3 R G R BRAS AR AE S BAE 520 [ D] dbst: ERLABER, 2016.

Gillespie C S. Fitting heavy tailed distributions: the powerlaw package. Journal of Statistical Software, 2015, 64(2) : 1-16.

SuY Z, Zhao H L, Zhao W Z, Zhang T H. Fractal features of soil particle size distribution and the implication for indicating desertification.
Geoderma, 2004, 122(1) : 43-49.

Zobeck T M, Sterk G, Funk R, Rajot J L, Stout J E, Van Pelt R S. Measurement and data analysis methods for field-scale wind erosion studies
and model validation. Earth Surface Processes and Landforms, 2003, 28(11) . 1163-1188.

B, ARG, XSRME, AL, BRI, AR BRTE IR B R A A T L B U R S R . K R AR RRE AR, 2013, 33(3)
29-32.

BTG, X FMRE I E BT ST, R E YL, 1996, 16(4) : 383-387.

http ; //www.ecologica.cn



16 1 FERSE A5 LT IO AMURAAR B B4 35 A< 1 AR i BT DB B 25 TE) At JRabiE 5 6789

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]

[39]
[40]

[41]

[42]
[43]

[44]
[45]
[46]
[47]
[48]
[49]

[50]

[51]

BOCR. MBI LR, AR, 1991, 17(4) ; 45-47.

XN, FEIR . A5 RB HURE RE B SR L. T VR, 2003, 23(4) @ 337-346.

Wiegand T, Moloney K A. Rings, circles, and null-models for point pattern analysis in ecology. Oikos, 2004, 104(2) . 209-229.

Wiegand T, Kissling W D, Cipriotti P A, Aguiar M R. Extending point pattern analysis for objects of finite size and irregular shape. Journal of
Ecology, 2006, 94(4) . 825-837.

#ARY, XVIEN, sk, =B, FhAEE. JET Ripley L Al O-Ring PRI ZRAK 0L A 6] 73 A3 A% Jy S HOGHRPE. A= 25274k, 2014, 25
(12) . 3429-3436.

BRI, FEH, R, EARF. Y IRARE BT AR AR TR ] /3% RATTE R R A58, 2011, 30(12) ; 2700-2705.
Wiegand T, Moloney K A. Handbook of Spatial Point-pattern Analysis in Ecology. Boca Raton: CRC Press, 2014; 20-20.

Tyler S W, Wheatcraft S W. Fractal scaling of soil particle-size distributions: analysis and limitations. Soil Science Society of America Journal,
1992, 56(2) : 362-369.

Xu C, Holmgren M, Van Nes E H, Maestre F T, Soliveres S, Berdugo M, Kéfi S, Marquet P A, Abades S, Scheffer M. Can we infer plant
facilitation from remote sensing? A test across global drylands. Ecological Applications, 2015, 25(6) : 1456-1462.

ik, BIKRE, BARR, SR, BRI, 1975—2015 4AEFHiag m b B 2 %R S UKEhBLE]. PEVDEL, 2018, 38(1): 17-29.
Wang X G, Wiegand T, Hao Z Q, Li B H, Ye J, Lin F. Species associations in an old-growth temperate forest in north-eastern China. Journal of
Ecology, 2010, 98(3) : 674-686.

Sheffer E, Von Hardenberg J, Yizhaq H, Shachak M, Meron E. Emerged or imposed: a theory on the role of physical templates and self-
organisation for vegetation patchiness. Ecology Letters, 2013, 16(2) . 127-139.

Rietkerk M, Van De Koppel J. Regular pattern formation in real ecosystems. Trends in Ecology & Evolution, 2008, 23(3): 169-175.

IRHEPE, BlEK, AR, UL, SRR, UM A B RIADATE FRES MR S HRHIE. T 52 XHIE 538, 2010, 24(11)
151-154.

Wang X P, Wang Z N, Berndisson R, Zhang Y F, Pan Y X. Desert shrub stemflow and its significance in soil moisture replenishment. Hydrology
and Earth System Sciences, 2011, 15(2) : 561-567.

IhAEAE, BINAE, IESE, Y. SRR 2 RIS S AL R IR SR S IR A AU OC R, P EK R, 2019, (7) : 61-65.
WHEL, B, JRGEEE, MTRIER, SRS, TR T EWAE R IX 0K i 2 A ek, AR A8l 2009, 29(2) : 993-1000.

HIAE, Fryrear D W, &1 K. ELLAEY) B VA AGRLRE RRAE AL S5 . R PP, 2000, 20(3) « 260-263.

WSO, R, R, A, BEE, TR, S/ . R 55 BEAS R AN XU 25 5 57 R B XU 23 T P, 2007,
27(5) : 791-796.

Li J R, Gilhooly III W P, Okin G S, Blackwell III J. Abiotic processes are insufficient for fertile island development: a 10 - year artificial shrub
experiment in a desert grassland. Geophysical Research Letters, 2017, 44(5) ; 2245-2253.

Trautz A C, Illangasekare T H, Rodriguez-Iturbe I. Role of co-occurring competition and facilitation in plant spacing hydrodynamics in water-limited
environments. Proceedings of the National Academy of Sciences of the United States of America, 2017, 114(35) : 9379-9384.

WIS, BICHE, Eid. TR R IX SEYCRA A UK R BB RO R Tt . AR AR AR, 2011, 31(24) : 7609-7616.

http ; //www.ecologica.cn



