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Abstract; Dryland ecosystems with alternative stable states may undergo a regime shift from a relatively healthy state to a
degraded state under the increasing climate change and disturbances from human activities such as land reclamation and
grazing , resulting in the decline of ecosystem functions. The identification of early warning signals is a hot topic in the study
of ecosystem regime shifts and a key aspect of management practices to prevent ecosystem degradation. Previous studies on
early warning signals have focused on generic signals such as autocorrelation, variance and other statistical indicators,
however, these indicators may not be applicable to dryland ecosystems with specific mechanisms. The spatial indicators
developed based on landscape pattern characteristics provide a uniquely spatial perspective for ecosystem regime shift

identification, which has scientific significance and practical value for understanding ecosystem degradation processes and
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mechanisms in drylands. In this review, the phenomenon of regime shifts in dryland ecosystems and its characteristic
mechanisms are first introduced. Then, focusing on the indicators and methods of landscape ecology, the key early warning
indicators ( vegetation coverage, vegetation patch morphology, vegetation patch size and frequency distribution and
hydrological connectivity, etc.) based on the characteristics of landscape pattern in drylands are summarized from a spatial
perspective,, and the concepts, quantitative methods, identification characteristics and practical applications of these key
indicators are analyzed. Finally, based on the advantages and limitations of indicators, the review points out the future
direction of the research, including exploring potential landscape indicators, strengthening research on the interaction
mechanisms of multiple driving factors of ecosystem change in drylands, carrying out empirical research at multiple spatial
and temporal scales, constructing an overall analytical framework for early warning signals of ecosystem regime shifts, and

strengthening the quantitative research on indicator thresholds.

Key Words: dryland; regime shift; early warning signal; landscape pattern; vegetation cover; vegetation pattern;

hydrological connectivity
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Fig.1 Examples of regular patterns of vegetation ( Sample locations are obtained from Deblauwe et all® | the images come from Bigemap GIS

Office )
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Fig.2 Changes of regular vegetation patterns with rainfall gradients ( Adapted from Rietkerk et al'®))

2.3 FEHBEBEPOR MR S A

HE—S T RIX ARG, 8 1T LSRR KNS — B R BB | X Se B A T BUAR 25 52 9 ) 1 R 2
FEAR , I HR R BEHA /D i /NBEHE 22 38 5 B B oh G OB AR S s R R AR X (71 3) 1) ek A X
HEBRG  AEGBEH /NIRRT FRBEH I/ N A ) S T — Bl S A8 S BB 2 [ R i 19 T L
T M+ R X A A R G A SRR BRI S5 7 a8 TG R 5 v AR e BRI /N 4305 1T Ll e b 5
Al AR P BOE A5 TR pRBOR A TR | RV i A A B 5 RN RR TR BERR /N BR A
AR DT AR BEBR AL BB /NG AR AR BRSNS A 5T 2R B B BB KN A UL R B AR Ak T
RERAES ARG TE S 77 PRl A FE U A 32 5 T 3RR 0 RO R AR 2 A T B, R 1R AR
PRI AR BES ™) M)A PARE it I AR R A B RE A5 7 A AR VR FH RERE TR ) I 1%, 1 1 il
A 7R BA SRR VR F AR B BB v A4 ] FB1 A A DX Sl th, B 25 ) e e e o F 0 R, DT T B 1
g

Kefi 257 38 it 44 SR AN [RDBCHOE 7 (9 B ANOLI B , Xt PaBE2F A B A S 3 AF i b b i TR K AE S R 4
AR RIS SR EAT T 43T, 5 5 3 I AEARR A 7 A e BREBR R/ IN A3 A 5 e A 0 AT T 7 v 7 5 3
ORI REHL R | BEERR/INVI A B 5 Rt AR 4 IR 7 RGO A O RE v RSO 53— 4
2R AR AN EAE e FEA A AOAE b RUG S il Sl A RS A5 31 T [RIRE R 45 5L, X AN 2T RO
FIE, R BIRE B> 2 B R AR/, A AR A i X RS i S AR S R G R BRI S A
S KRB A A S R G Y e R T AR Bl R TR R B BEBR A BB RE T O, UL R R Y
E 3G, AR Pl i, TR T - SRR B O LA KA W 2 R B e % S L RT R EOR g AR 7 ) At e ik
FfFI > K ARRERE S TR b S EE S RGN AR TR, L Kefi 217 3 BEHR AN il 25
SR A TR R R A S R GRS H A — SRS 2] T AR S5IE , B A0 Maestre 25 (1)
WFREEE R 76T R0 B E AR BE /N3 A1 8 T 3 A R A A A, I 0 R Bt o T S A B i
FRGE S A AR R R AT R A AR AE . Lin 25177 7 o [ )9 52 v ELAE S [R] 00 2 190 5 it X Ak T A
I, BiE 5T 245 SR 2 B X 450 A T 438 I AL 5 s BT I A 88 P 398 o, BRE R R /N A3 A i 12 T A A
e 1) BT TR AR B (R RRAE BRI 3 FE R O T A A b BREBR /N 43 A BT G T e, 3 8 I A A

http : //www.ecologica.cn



6492 JAE = 43 %

3 BT REZEX RGN (FEAALERET Berdugo L02) G JE T Bigemap GIS Office)
Fig.3 Examples of scale-free patterns of vegetation (Sample locations are obtained from Berdugo et all'?! | the images come from Bigemap GIS

Office)
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Fig.4 Changes in patch size distribution ( The images come from Bigemap GIS Office)
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Fig.5 Schematic of ecosystem degradation caused by changes in hydrological connectivity ( Adapted from Okin et al'**))
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