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An case study on vegetation stability in sandy desertification land: determination
and comparison of the resilience among communities after a short period of

extremely aridity disturbanc
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2 Cold and Arid Regions Environments and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract ; Ecological stability, changes of eco-system under natural and human-induced disturbances such as fire, grazing,
cultivation etc. , involved in how and to what extent human can utilize natural resources but without inducing eco-system
degradation or collapse, is a problem worthy of study. From the reaction of an ecosystem to disturbances, it has been
concluded that ecological stability could be defined as resistance and resilience. Because of many complicated factors such
as the type, the intensity, the temporal scale and spatial scale of disturbances, it has been difficult to make qualified

measurements for a real community. Therefore, researches related to resistance and resilience has been stopped at concepts,
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and studies on qualified resistance and resilience about a real community were scarce. In order to make a tentative example
for study on this topic, 6 communities in different desertification stage were sampled in a sandy desertified region, and
community investigation was done one time for every half month from the beginning to the end of growth season. With the
investigation data obtained at the same time in continual two years before and during a special period when climate was
extremely arid, a resistance index, which indicates the resistance stability of the 6 communities, were defined and
calculated as the ratio of vegetation data at the same time of two years in one study we have done in an earlier time. In this
study, with investigation data of the same 6 sandy desertification communities after undergoing the same arid disturbance, a
resilience index which indicates the resilience stability of communities was defined and calculated. It could be expressed
as: resilience index = the vegetation data at the end of the year during which the aridity event took place / the vegetation
data in the early year that was just before the aridity event took place. Results showed that, the resilience indice of the 6
desertified communities calculated with abundance, highness, coverage, and biomass were between 4. 69—1.23, 1.21—
0.98, 1.59—1. 15, and 1. 28—1. 00, respectively, decreasing with enhanced desertification and showing that the 6
communities have the strong ability to keep stable when the precipitation recover to the normal standard after the short arid
disturbance by high resilience. Furthermore analysis about source and constituents of the resilience showed that, the
resilience was mainly from annual plants, as well as perennials. The resilience index calculated from abundance data was
the most, indicating that there were abundant seed sources and a big soil seed bank to sustain the vegetation recovery in
every community. It was also found that the dominant species in some communities were replaced quickly in the short time
of two continual years, which could be explained as that it was one of the forms in which biodiversity played its roles.
Furthermore, it could be concluded that biodiversity plays important roles for maintaining ecosystem function and its
stability, and biodiversity is the fundamental characteristics of ecosystems. All results in this study and in the study which
had been done in earlier time about resistance of these communities under the same arid disturbance showed that, both of
the weak resistance and the strong resilience of the studied sandy communities were the reflection of the same fact that
vegetation stability depended strongly on rainfall which could not be replaced. So, by the quantitative definition of
vegetation stability with resilience and resistance, it could be concluded that, for a shorter temporal scale, vegetation is
certainly unstable with the rainfall fluctuation, while for a longer temporal scale, vegetation has the ability and potential to

maintain the stability of itself by the well resilience.
Key Words: stability; resilience; biodiversity; vegetation; desertification
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Table 2 Temperature in 2002 and 2003/°C
H 1% Month
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Fig. 1 Temporal distribution of precipitation in 2002 and 2003
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Table 3 Recovery of communities at the end of growth season

HEYZ TS The number of communities

Wi H Ttem

1 2 3 4 5 6
%% Abundance 1180.75 935.65 512 327.23 240.83 246.9
[0 Height/cm 11.63 16.24 10.95 12.08 10.08 14.84
W Coverage/ % 96.558 77.604 57.555 34.359 23.925 17.656
4= ¥ Biomass/ ( g/m2 ) 55.289 85.642 62.118 41.683 27.630 29.724
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Table 4 Resilience index of the communities

EYZ TS The number of communities

&R Components

1 2 3 4 5 6 14 Mean
% ¥ Abundance 4.69 4.30 2.20 1.94 1.49 1.23 2.64
1% Height 1.21 1.75 1.84 0.98 0.78 1.05 1.27
TG Coverage 1.39 1.59 1.44 1.25 1.19 1.15 1.34
)k Biomass 1.00 1.21 1.20 1.25 1.28 1.21 1.19
PR J1456 F8 %X CRI 2.07 2.21 1.67 1.36 1.19 1.16 1.61
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3.3.2  HEVRYIANAL AR S R ) b AR

MYIFALRCE (5,72 6) , S BEE YA BECE R, (BREVE DL 3454 b fe — Be B 75 o A A fE Al
B, RIS 1 RS R a0 R e SR I PR R I S R ) R R AR OR AR AT S L
RS 2 IR DFh AR (A S W] 2, 2002 4RI DI ESE U E | 22 UEEE R 32, 11 2003 4F =S HfEREVE 2 B
Wi ORI EE RS EE TS 27% o BV 3 M DAS5 UKL R AL i A8y DLy i 25 DK ZE RV R F o A 4 Fh ) 25 11
WL AR IAF, BEVR 4 22 ELEA R e 35 BEVE 5 D0 B2 VDR AEv AR Sl LA R R 55 vk 3E R
PFPAGRETS , 050 5 BEVR AL 1Y 43% A1 39% , BETS 6 BUALHEW RN 2002 45 (70 K ji AR Ry vb ok B 3t
Pt 5390 i BV A S5 BE 1Y 58. 6% F1 35%

RS BEWHMARRMEE (2003 48 H)

Table 5 Species dominance in communities ( August in 2003) /%

TEYE Y5 The numbers of communities

Y Species

1 2 3 4 5 6
Yk Agriophyllum squarrosum — 0. 0064 3.4438 0. 2092 7.0010 58.5885
FJRH Setaria viridis 18.3827 18. 6008 16.0614 8.7868 43.0512 35.0182
ZEUKFE Bassia dasyphylla 0.0311 4.3619 19.9392 8. 8652 39. 0805 2.1092
W3 Salsola collina 0.5313 0.7345 18.7621 1.1855 3.7827 1.5680
W52 Corispermum, elongatum 0. 5075 0. 4446 2.5177 0. 5631 0.7106 0. 5058
HiAE IR Cynanchum thesioides 0. 0259 1. 6301 1.7219 0.5579 0.8150 0.3203
ZEILE Artemisia halodendron — 8. 4661 8.6239 69. 1870 4.4305 0.0337
1% Digitaria sanguinalis 0. 2382 1.2306 8. 4264 0. 1743 0. 1254 —
3 Sonchus oleraceus — 0. 1521 5.1657 0. 0349 0. 5225 0. 1686
BE AL Inula britanica — — 4.1962 — —
JRFEHE Chloris virgata 7.1926 0. 0064 — 0.0349 —
I J§ %% Eragrostis pilosa 7.3821 7.2355 — — —
=W Aristida adscensionis 4.9815 27.0733 3.9792 — —
LT Cenchrus calyculatus — 0.5933 — 1. 6860
ik B A F Lespedeza davurica 3.1018 0.2822 3.0820 4.9338 —
i 75 5. Melissitus ruthenicus 0.0311 4.3361 — 4.3672 —
5| ¥ Messerschmidia sibirica — — — — —
ik Euphorbia humifusa 0.0259 6.9584 0.2460 1.0809 —
1B Pennisetum centrasiaticum 0.0932 2.3839 — — —
HE Leymus secalinus 0.0155 — — — — —
FLI K, Euphorbia esula. 0.0104 0.0193 — — —
B Artemisia frigida 2.6150 1.5463 — — —
K114 Gueldenstaedtia stenophylla 0.0052 — — — — —
P25 Phragmites communis 0.0518 0.1289 — — —
JEAA B Thalictrum squarrosum — — — — —
XSHREE Kummerowia striata 0.0104 0.0193 — — —
124 Allium scenescens 0.9062 1.2886 — — —
R FEVKE Agrostis desertorum 1. 1444 — — — — —
B Carex korshinskyi 0. 1864 — — — — —
SFEE Carex duriuscula 0.0932 — — — — —
#8 T\ Lappula echinata 0.5572 — — — — —
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BEEF 5 The numbers of communities

YIFh Species

1 2 3 4 5 6
H L] Olgaea leucophylla 1.7451 4.9482 0. 0434 — 0. 4807 —
WHEHISk Echinops gmelini — — — — — —
K5 K\ Saposhnikovia divaricata 0.1036 0.1160 — — — —
WETT Oxytropis myriophylla 0.1812 — — — — —
©H Xanthium sibiricum 0.0104 — — — — —
KBHAE(2ELYE) Erodium stephanianum 1. 4603 — — 0.0174 — —
F B3 Potentilla bifurca — — — — — —
PR Tribulus terrestris 0.3728 — — — — —
IREEHE Chenopodium glaucum 1.8279 4.0784 — — — —
H# Artemisia scoparia 5.6857 1.4915 3.1978 0.0017 — —
BERAT-2E Cleistogenes squarrosa 40.4938 2.4612 — — — —
)y 100 100 100 100 100 100
BIFEL Sum of species 33 26 16 15 10 9

Fo6 EEEUMTMARKMEE (2002 48 H)

Table 6 Species dominance in communities ( August in 2002 ) /%
REV% 55 The numbers of communities

Y Bl Species

1 2 3 4 5 6
bk Agriophyllum squarrosum 0 0 0.692 2.2647 28.021 68.075
TR E Setaria viridis 8.2411 10.501 12.919 13.7192 30.814 16.914
EVKFE Bassia dasyphylla 0.9625 6.2557 22.91 21.498 18.314 9.0568
FEE Salsola collina 6.3938 31.014 16.417 17.427 5.5536 3.3936
WS Corispermum elongatum 2.9782 4.8323 4.453 1.1936 1.2337 0.1872
HiAH IR Cynanchum thesioides 0. 1511 3.4089 5.07 1.3894 0 1.4311
ZEILE Artemisia halodendron 0 3.407 17.5433 33.601 3.7559 0.943
I Digitaria sanguinalis 0.4877 0.6052 4.1212 0.4923 2.4218 0
WS Sonchus oleraceus 0 2.6504 2.69 1.441 3.3367 0
e AL Inula britanica — — — — — —
R Chloris virgata 12.259 0.706 0 0 0
il JE % Eragrostis pilosa 10. 421 3.4081 0.3865 0 0 0
ZREEE Aristida adscensionis 9.6767 11.743 1.133 0 0 0
PEHHL Cenchrus calyculatus 0 0 2.1183 0.9832 0 0
K K F Lespedeza davurica 2.8981 0.7754 2.1686 0 0.7998 0
Jit 76 5. Melissitus ruthenicus 0.4298 2.6356 1.684 1.9363 0 0
W5 |55 Messerschmidia sibirica 0 0 0 0 4.0805 0
U5 Euphorbia humifusa 0.2227 6.4703 1.89 0. 461 0 0
FI # Pennisetum centrasiaticum 1.2571 1.2946 1.8338 10.395 0 0
B Leymus secalinus 0.0429 0.4167 0 3.1952 0 0
IR, Euphorbia esula . 0. 1054 0.2288 0 0 0 0
& Artemisia frigida 1.6448 1.9633 0 0 0 0
K 148 Gueldenstaediia stenophylla 0 0.0716 0 0 0 0
1425 Phragmites communis 0.4574 0.9235 0 0 0 0
FERAHE Thalictrum squarrosum 0.356 0.5857 0 0 0 0
XSHREE Kummerowia striata 0.0568 0 0 0 0 0
LI Allium scenescens 0.899 0.2538 0 0 0 0

i TUK L Agrostis desertorum
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TEV% 55 The numbers of communities

Y Bl Species

1 2 3 4 5 6
B Carex korshinskyi — — — — — —
SFREE Carex duriuscula 0.2562 0 0 0 0 0
#8T\ Lappula echinata 0. 6439 0 0 0 0 0
FILET Olgaea leucophylla 0.0172 0.0507 0 0 0 0
bW I3k Echinops gmelini 0.0213 0 0 0 0 0
B X Saposhnikovia divaricata 0.6554 0.1415 0 0 0 0
BT Oxytropis myriophylla — — — — — —
OH: Xanthium sibiricum — — — — — —
KBAFE(ELYE) Erodium stephanianum — — — — — —
FE WK Potentilla bifurca. 0.7477 0 0 0 0 0
PERE Tribulus terrestris 3.9871 0.0588 0 0 1.669 0
IREEHE Chenopodium glaucum 6.8538 0.6874 0 0 0 0
W Artemisia scoparia 2.8504 0.8802 1.9708 0 0 0
BEBATB Cleistogenes squarrosa 24.028 4.0304 0 0 0 0
) 100 100 100 100 100 100
SSFHEL Sum of species 30 28 17 14 11 7

B RERALF R B AR UL T PRSI T AR — R DA R IR A A B AR A AR E T
TRV AR AR B SR R LA AR AR T DL AR A AR Sy 32 A L R A LA
FhASA AR 1 YR 4 50 501 ARG T 0 R 2 L IO 25 2 AR AR R A D 8, SL Rl 4 AR G R

BEVE DL T (0 PR AR AL 1 — 25 8 B 4= S8R 1 PR SR AR A 77 18 rh AR RKIARL B A 25 5, anieds 2
7 2002 A I FREEECE BRI DL AP RI N RS B8 R A R A% BRI AR R T R 10, 2003 47 0 122 3 26 )
il A LA T 2003 AEFESS = BEAO ORI B R, AR LU I ELRG) B T b T 7 5 RN A ) i
1Y A B =155 2002 AERTTEREVE 2 TR R EACRARAR . XUl W] | AR AR Rl A AR R R RN
B AR, (A HANY e AR R R P A RRIEBU RE 11 . I8 A 7T e 1A+ PE vh 4R R W = 1= B fh 7
1E 2003 4F3E B 7K A3 554 S AR LABH & R RRAE K, O e 4 UL 388 B T WA 26 W et | IR 9 1 24K
FHN 2003 AEREVE 2 FIREVS | Th 2 R 2 A0 B 2002 AR 7E4S H BIRETS THEA A3 BATH R 7ok
Al g A TR R A BB R 2
3.3.3 WRMAEIEBI(L SRR AR AR ) MR TR T s R

HE—2 DIRE 7 A SRR V5 B S5 A S 1 AR AR 0 22 A0 AR R 1) 35 B R4 7 TR A A BT 22 0 (1] 4,
5) , TEREVE 2 Bl 4 BEk 5 FIREVS 6 IR w8 5 1 AR AEAR Y o BE AR DGRy |, i

5 2 AE A A 0 55 AR MR, DA 76 Sk SR BETE TP B AR B ORI T | AR AR, i 2 AR A R
B TTRREL /N . TERETS 3 b i w8 5 2R AR OGP & TS 1 AR AR AR DGV . 7R TR TRV BEAk
BB BREVE 1 b RIS S5 AN 1 AR AR R A DG B, 5 2 AR AR A A v (R DG R R 1 R 2
HABCKIET 1 A i B AR T Z24E £ 48
4 iFig
4.1 MYAERSWE ifae b

ARG R RV S b AR 2 KA 0.5 AN AE K B T R FH TG e K SRR IE
HG RN RAF AR E iAo e A AE KRR B TE 4R )5 0.5 A 2= o RIS I 45 210 R M i 4k
52, XA R AP A I Re R R R TR A () A TG RRRAE S H S IR AR 1) 56 R A EE 5 i O, AR
AR 1 AR AR BT RRAE A R AT AN AN TR R A B AR H SR B HORTEC R, DA KRR
T i Z AR BEIE BT A DR 1) 3R P | AT AR UE T AR &2 FAB R i PR A5
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Fig. 5 Correlation between community coverage and perennial plants( August in 2003) (n=30)
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