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desertification process and its driving factors and to further develop the effective measures for ecosystem restoration in arid
region. Investigating the spatial pattern dynamics of plant communities may help to improve our understandings of vegetation
degradation and restoration processes. Till now numerous studies have focused on the changes of community composition
during vegetation degradation processes, whereas few studies paid concern to the spatial pattern dynamics of plant
communities during the ecological restoration processes. Plants in arid ecosystems are usually sparse with relatively small
individual size, which require high-resolution remote sensing data to accurately extract the plant distribution pattern.
Recently, the rapid development of unmanned aerial vehicles (UAVs) remote sensing technology has allowed an opportunity
for the studies on vegetation spatial pattern variation at fine-scale. In this study, we investigated the spatial pattern changes
of plant communities in the ecological restoration sites in the Shapotou area, Ningxia Hui Autonomous Region using both
high-resolution remote sensing data of UAVs with 2 e¢m spatial resolution and ground community survey. The results showed
that the implementation of the straw checkerboards in Shapotou has significantly improved the plant species diversity and
vegetation coverage compared to those of un-restored areas. After four years of implementation, the average vegetation
coverage increased by three times and the species richness increased by one time. During the vegetation restoration process,
the vegetation patches have shown a significant transformation in pattern features such as increased patch size, decreased
fragmentation rate, complicated shape, and weakened spatial autocorrelation. The changes in these spatial pattern
characteristics indicate that (1) The large-scale vegetation patches were in a recovery process. (2) The improvement of
microenvironment was conducive to the survival of individual plants. (3) The risk of ecosystem degradation to bare land has
been reduced. In this study, we assessed the vegetation spatial pattern variation during the restoration processes in detail
using UAV remote sensing technology. Combined with thoroughly ground community survey, the effectiveness of straw
checkerboards has been proven in multiple perspectives. The continuous long-term monitoring of the system pattern based on
UAVs is valuable and necessary for understanding the ecological restoration mechanism in arid region and for future science-

based ecological restoration measures in desertification control.
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Fig.1 Photos of representative regions of the study sites

1.2 BFEFEHL S TC AHLEEAR R EK

FEWFFE XN SR BAS [R) A 25K 52 17 5 (DR AR ) () LR V& U ST WF S R b, A 456 2014 AR50t A S 2 T
PRI 2016 4750t A: AWK TR 9 DX SRR R 52 TR DX, 6 AN [) X3 1 43 B AT 6 B 8 A 7
(324 ANEETT ) HEATIORE 08T . 25 R SRR 5 T ARt K nT B85 S5O 40 0 AR 119 2 1) St P el oK, TR O T AL /)
AT B8 S EREAR A L | AV E IR TR 10 x 10 m®, 76 [ REHE b 347 2 (o7 WEI B ] 4 it A
ARG fe LU GEORL  H i T A AR 58 A A T B B ], o (5 08 D0 5 20 32 31N T3 49y g Bk ] 46
GEURBR A, K E NN RGIT ) IZ R A R B R] 14 38 A2 R A A a2 [l % G e T
PRAUERE 22 [A] ) AR 4 7 i IR D NS b A5 R — B0 . AR SRR BRI 58 A AR 2l BR BR VD B R A TR &R
FETF YR E T AR ET ) M8 K SC L5 AR W eV 5 DY 7 ELA v B 1 — B30, mT AAR & RIE T8k 43 BT 1) ml X

http ; //www.ecologica.cn



24 4] DSl A BT IO ML AR Y 57 Hs A AR A DX AR R A% SR AL AT 9061

Mo

ASCHFFEHAT 2018 45 5 F KM A MR ELEPAOIHIIIEF7 V8 2 AN 8 2 A 25 6005 6 A HLLA 2K LR
T PR T A (0 I A S8 R 7 PR AL 0 o 4L K i i 5 WA I B P (4 480 3%
WS IX (495 07 A TR AR, | TR AT 8 9 LA AR BLUT , 50 2 10T 5 7 A o A5 TR0 Bl e
FRHOHES,

{5t PR Mavie pro PUFEBLTE ABLIEAT TF S AR . 5 T 0 AL B 2% 257 R BN, 18 57 M A
2SR AMHERA 2 om, % BB KGR 2 5 KT XU | B HEFE  BAR S F 45 B S0 157 00
W2 A N2 1 om WG W TRkt m T aene . Amast 1 =" O e mas mim v 2

30 m" Y H L HORERRENE (B m) 5 f MBSk AR (Mavie Pro £EIN 28 mm) ; GSD Ay H I 43 HE R A
(0.01 m) ;a ABITRA (Mavie Pro BITiHK 0.019 wm) , BT IHHEE55 A BALE 30 m AR & BE T JE 1
RS FaE ) RATHE (AT WG B, 400—760 nm) o X I TE AL AR IEAT o0 f A A -5 07 8 | LR AR AIE i 42
B VUL DF:  FRFE S TR P, e 23045 T SE X3 2 om S5 RIS BRI IS5 . JEANLIRBUR =43 HE R
AR AR AR 0922 R DL K v b AE w] WO B B A BT IR 22 5] (R DL L 2)  ASBIEGE A T M 532 (e
KAASREE ) 456 B LR PEAS TE R 7 i B U B o0 A (88U . 0 2R RAE AR Ty B HLIEHX 50 Sk £ F
BT BB SORE BE  DRAE R M DT AR B 2 SRS FE 4388 95% LA |

To ANHLIE 2GR AL BEAE Pixdd Mapper 3K 18 H 58 B, FEAEERHUAE ArcGIS 10.1 H5ERY,
1.3 Hiortr

Xof A TS AL i3 23 B S AR AR A 1 25 18] A AR (R B/ AR, 7 91 DL I 2) 3545 b T ] 2
PEHAT T, FER B A 5 A

TR VD

PR X

T4 L IX

B2 10 mx10 m ¥ 77F AWL 215 R AE 4 SRR BN R R Gl
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Fig.3 Plant diversity indices among different study sites
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Table 2 The variation of selected landscape metrics among different restoration sites
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