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Spatial variability of plant community characteristics and its influencing factors in a small
watershed of wind-water erosion crisscross region on the Loess Plateau, China. ZHANG
Kai'?, CHEN Li-ru’, XU Hui-min’, LI Yang-yang'** ('State Key Laboratory of Soil Erosion and
Dryland Farming on the Loess Plateaw , Institute of Soil and Water Conservation, Chinese Academy of
Sciences and Ministry of Water Resources, Yangling 712100, Shaanxi, China; *University of Chinese
Academy of Sciences, Beijing 100049, China; °College of Forestry, Northwest A&F University , Yan-
gling 712100, Shaanxi, China; *Institute of Soil and Water Conservation, Northwest A&F Universi-
ty, Yangling 712100, Shaanxi, China).

Abstract: The small watershed is the basic unit of soil erosion control on the Loess Plateau. Conse-
quently, the study of the spatial distribution and influencing factors of vegetation is the basis of veg-
etation restoration and reconstruction in this region. A small watershed in the wind-water erosion
crisscross region with the most serious soil erosion in the Loess Plateau was selected to systematical-
ly investigate the changes of vegetation distribution and soil properties. The spatial variability of
plant community characteristics and its main driving factors were studied by geo-statistical method
and redundancy analysis (RDA). The results showed that: there were 27 plant species in the small
watershed , belonging to 12 families and 25 genera. Leguminous, Gramineous and Compositae plants
were dominate families, contributing 59.3% of the total species. In general, the community struc-
ture was simple and the organization level was low. The aboveground biomass (AGB) and coverage
(C) of the community reached 205.7 g + m™> and 57.7%, which was higher than the mean value of
grassland in northern China, but the level of species diversity was lower. There were medium spatial
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correlation in AGB, but stronger spatial correlation for C, Patrick richness index (R), Shannon di-

versity index (H), Simpson’s dominance index (D) and Pielou’s evenness index (J). The spa-

tial distribution of AGB was mainly patchy and stripe, which was highest at the semi-shady slope

and near the outlet of watershed. Other community characteristics were relatively fragmented, and

R, H and J were higher at the top of the semi-shady slope. AGB and C were mainly affected by soil

organic carbon, mineral nitrogen, total nitrogen, soil water content, and altitude, while R, H, D

and J were mainly affected by soil saturated hydraulic conductivity, bulk density, sand content,

and silt content. The results are helpful for vegetation restoration and evaluation of ecosystem struc-

ture and function in the wind-water erosion crisscross region.

Key words; plant community ; aboveground biomass; species diversity ; spatial variability ; environ-

mental factor.
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Fig.1 Geographical location of the study area and distribution of sampling points.

I : Kl XU 2285 X, Wind-water erosion crisscross region; II: ¥ i i1 % Boundary of the Loess Plateau; Il : SRHFE A1 Sampling point; IV 741&
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Table 1 Plant species composition on plots in the studied watershed

Pyt Bt & Yyt Bt &

Species Family Genus Species Family Genus
KGR oAt (&R BT JR 22000 ke A #HE} TREE )R
Lespedeza davurica Leguminosae Lespedeza Heteropappus altaicus Compositae Heteropappus
HAERE A SR FORHRE fLER HFk R
Melilotus alba Leguminosae Melilotus Ixeris chinensis Compositae Ixeris
ELIALE =R LR WEX 2R YRR
Medicago sativa Leguminosae Medicago Salsola collina Chenopodiaceae Salsola
PHATHE GR W Huftk 2R Mok
Astragalus adsurgens Leguminosae Astragalus Kochia scoparia Chenopodiaceae Kochia
HEE 2R R HuAH R BER LR
Oxytropis hirta Leguminosae Oxytropis Cynanchum thesioides Asclepiadaceae Cynanchum
A SREN IS K H4E IR HEE S B ER L=
Gueldenstaedtia stenophylla Leguminosae Gueldenstaedtia Cynanchum chinense Asclepiadaceae Cynanchum
RAEH RAF e FLH K REF REE
Stipa bungeana Gramineae Stipa Euphorbia esula Euphorbiaceae Euphorbia
LSS RAF (SRR gk ERTE ik
Cleistogenes caespitosa Gramineae Cleistogenes Incarvillea sinensis Bignoniaceae Incarvillea
U AAF UK H e AL LR JiEAE)s
Agropyron cristatum Gramineae Agropyron Convlolvulus arvensis Convolvulaceae Convlolvulus
T 5T LA R AAR RARE PR PR BERLR
Poa sphondylodes Gramineae Poa Tribulus terrester Zygophyllaceae Tribulus
BT AAR Py lE BT AR R
Calamagrostis pseudophragmites Gramineae Calamagrostis Polygala tenuifolia Polygalaceae Polygala

T RH AAH TR HFH= B LA
Setaria viridis Gramineae Setaria Dracocephalum moldavica Labiatae Dracocephalum
v Bk s Eapa I Rl BT 25 IR by 2 I
Artemisia capillaris Compositae Artemisia Ferula bungeana Umbelliferae Ferula
) 4T el

Artemisia sacrorum Compositae Artemisia
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x2 EYHELEVE SERYTSHEEREHNEREST

&2 ATLLAE W, b LAY E (AGB) | 5 ¥
(C) .Patrick & FEFEEU(R) . Shannon £ FETE+HE £
(H) Simpson JL#BEFEEL (D) S Pielou ¥ 5] FE 54
(J) 3514 91.43~379.32 g - m™.25.0% ~93.3% .
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YPIUEA N 205.72 ¢ + m™ 57.7% .6.16,1.17 ,0.41
K 0.71.78 % 2B CV)HK/MIUFE N AGB > D > C
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Table 2 Descriptive statistics of biomass, coverage and species diversity indices for plant communities

HETRE SSoN(] H/ME SEH{E brifE 2 vt £ W i RARTEY K-S 5 55
Community characteristics Maximum Minimum Mean SD Skewness Kurtosis (% K-S test
(%) (P)
M FAEYE AGB (g - m™?) 379.32 91.43 205.72 71.94 0.58 -0.42 35.0 0.416
W C (%) 93.33 25.00 57.69 18.28 0.25 -1.00 31.7 0.369
Patrick =7 BEHEE R 9.00 3.00 6.16 1.54 0.25 -0.49 25.0 0.017
Shannon ZFEHEAEE H 1.93 0.65 1.17 0.31 0.44 -0.19 26.3 0.855
Simpson {E#JEFEEL D 0.70 0.16 0.41 0.13 0.26 -0.42 31.7 0.966
Pielou ¥J5] 4845 J 0.91 0.40 0.71 0.12 -0.50 -0.24 17.7 0.728

AGB: Above-ground biomass; C: Coverage; R: Patrick richness index; H: Shannon diversity index; D: Simpson’s dominance index; J: Pielou’s even-

ness index. T [d] The same below.
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Fig.2 Semivariograms for biomass, coverage and species diversity indices of plant communities.
AGB: #i A=W Above-ground biomass; C: I Coverage; R: Patrick F & B HEEL Patrick richness index; H: Shannon Z#EPEHEEL Shannon diver-
sity index; D: Simpson fEL# EFEEL Simpson’ s dominance index; J: Pielou $J2] B84 Pielou’ s evenness index. T [[] The same below.

R3 EYHELEVE SERYMHESHEEHFTREHER

Table 3 Semivariogram models estimated for biomass, coverage and species diversity indices of plant communities

HEVEFRAE AR Pesfi G b/kG AR BARE FRET 28 UK IE
Community characteristics Fitted C, Cy+C, Cy/(Cy+Cy)  Range R RSS Cross validation
model (%) (m) FRUEB TR S BiRE
RMSSE ME
Mo AR AGB (g - m™2) E 1870 5801 32.2 222.3 0.796 1668843 0.99 0.93
I C (%) E 20.6  323.8 6.4 34.5 0.789 1514 1.04 0.98
Patrick F & S5 R E 0.0190 0.1030 18.4 45.0 0.366  1.029x107 1.06 -0.002
Shannon ZFEVEIEE H S 0.0034 0.0962 3.5 30.1 0.941  4.443x107° 1.19 0.001
Simpson {LFBEHEEL D S 0.0007 0.0166 4.0 27.8 0.773  4.561x107° 1.06 -0.003
Pielou Y5 JEF8%L J S 0.0011 0.0162 6.5 24.6 0.815  1.644x107° 1.13 0.004

E. 82057 Exponential model; S: BRIRAA! Spherical model.
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539128 0.240 F1.0.042 , X% /NGB Y HETE RRAE 1 2R

FBURRER 5 0 28.2%. 11 2 A~ HE T il Al 0 1 7%
TR P58 R Z [6) i AH OC R 300 51k 0,642 FI
0.454 I B T REVE R AE-A IR C R B 211
89.8% , Ut W HE 17 45 S AT LU I by I WA 5 XA
BEIEFRIE S5 AR 7 2Z B C .
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Fig.3 Distribution patterns of biomass, coverage and species diversity indices for plant communities in the study area.
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Fig.4 Redundancy analysis (RDA) on the influence of envi-
ronmental factors on biomass, coverage and species diversity in-
dices.

Altitude ; 4K Altitude; SOC: +HEH PLER Soil organic carbon; MN:
" & Mineral nitrogen; SWC. $ 3% /K Soil water content; Silt:
Brki Silt; TN 132445 Soil total nitrogen; BD:; 13EZH Soil bulk
density; Sand: #FL Sand; TP 134 Soil total phosphorus; Ks: -
HE AR /K R Saturated hydraulic conductivity; Clay: Zi4 Clay; AP
FHEE R Soil available phosphorus.

HIE 4 ATRLE B, B 58 X BE 4 b 1 AR i e 25
85 A HLER (SOC) H A (MN) | 34
KR (SWC) M4 (TN) 2 IEA ¢, 513 5 7 A
K 5 BEARE R B S IR B F 5 +
AN SRR (Ks) Fab ks & R IR, 5 3%
H(BD) FIY R & R A OGRS B HR s 2

BD FIA R i 2 IE A G, SHPRRT Ks 52 67 HH G B
VRO, B b 2L RN 35 52 1 43R 0 BN SWC
(SEMEE IS, T 4 A0 22 AP 50032 48 1 45
Py BEPE T M AR A, B b AR e L
A BRI AN SRR S 8 B 5 R
B A7 TR A ) T AR DG, A 4 B R B S
5 iR 3 AMEEU IR AR, X S5 K 3 R
AN ES [ 3 A SR S AR W) 45
it

W2 B R e R T T 4 F RN Dy i A R . 8
T JEL7S A YA /N A SR R A RE T R B R TR 12 B
25 J& 27 F , o SR 6 B RAKEL 6 Fh K AGFL 4 Fi,
SRR R A 59.3% , B = R BHE W 7E BT SY
X R 250 SR S R G T RE T o i A
HARSBIRFRL A& EERL Ky 2 Fh /R34 A 5 JE 5 b
AL AEI R A 2R R R TR D
B R E T 28000 28R E T8 R R
ST PE AL RSB IX AAE ) X AR AR S AT X
DA AR RS 2 BETS YR 4 A 7 B HL A= 7 R
—, BB B K RIFR Ay T T L SR
T A VR A P T e X
X oA de)

TR V5 15 ) i R 2 R R R VR 4544 T

3 i



8 VA

M

30 &

ORI S

RERSE By BEATL W98 DCREVR b | A= Py 11407 205.7
g - m”, 5PV A IR M R O Y b AR
(156.9 g » m ™)™ (HE T b [ A0 )5 55 i |
AR EAE (108.9 g - m™2) P KB Z T 20
AR IR B B MO b, i XA 1K A
PR T AE R W B T8 S5 48 TR 5 W) Rl 2R R KR
. ZHERECE YR FE S Z NG EIRM, 1
SIEEFR B A AR B 43 T RFAE A9 B e, %o
— R R E E R 2R AR R SIS S B R R
WO R AR B AR IR T X —
A LA TR BRI A o i S R, 5385
Tk ZREPE R BUR A R I HES. 4 Fh 2 HEMHE 8L
[ YOG R BRI NPT Z R 80 S F B 5
FEECR IEAROC 1 =& SIBEIR B E A, X5
R FTAT L B 25 A0 SR A s A AR
e RN Y/EE B TR EDO S A ve i R A Nl i 2
A AE A 1] HEBE oAb PR MR 8 2 T
— Al TS BORE 7 38 50 BE R 2 REPERR AR 2,
HETE LA R A I 5 Z R Ed

H AR G i Y A i 5 4 B D T PR B AR B P A
252 i R A S VR = 8] A AR
FHE Y 2 (8100 58 S 25 3%, T BURE V& FRAIE 1) 25 (] 43
Ak 5 ARG N SR b A e v A
A3 A AH e, 3R W 2 [A) A8 S 32 B AL BT R (B BF
FEAL | B i A N R TR Bl ) S &R (R
{5 MY |+ AL A5 ) iSRRI 2 R
R B3 v T2 BH 3 N 3 3 Sk AR RR X 153 1) 14 23 [
K& Jmy; M0 € (R H D F1 J 258 ZUA 28 AR DG, e ke
VR IE S B b, 254 PR B2 R) R G B R
3 ) S oM 3 VR i BEAIL B 04 5 e /= AR
AN AT BE S H s A SR R 8 /N 6.R H
H J e B3 4R B e AL A TE (B IX, AT fE S
A KA YA Bl XU | 10 76 FH 38 s v 4 A - S8 1 K
FRORAT B A ALV B B At T b B A AR
AT ZE AR Y A S B S5 T LA R R A 9 K
WG ABFEAR L, AN Ky B A Y AR AR R
TRURK TR AR ) AR 3R R R T RS AR ) AR K BRI
R H Y5/ AR B BF 9 45 51 ] e 32 B4 THFSE X
5 RE () A 358 25 R 2 AR R A A P e RN

FEIRETS FRIE 25 (W] 4341 5 4 58 I F 19 RDA 43
BT 7R BT 2 ASHE P il PR 45 A4 5 X0 AE P B VR AR R
THER R 28.2% , HAMA K50 35 3 i 7K1 R i
By P ReaAs AL A R (I H IR IR R A

) FAE PR BLAE TP R 28 R B AL IR 28 46 A
FERTEIUNY 12 NI B3R & S IR
BRI R RIS AR ) SR RER A
77 IR 3K R e FE R A B U T R R
Il SR — 80 MW 37 o T A B
HRE S BEPEIE L B AR R A A K, NI N 35 43 1)
W AR AE KRR B A YR 2R S LR
()R RAEAFF 2, Z 850N i P RV =
() 9 b 22 FE PR B AE £ 18 3% 5 86 B 9 v (] A3
B WA BRI R, Y 2R S A PR
IR A 7 R R IR i by, Wb 2 i
1o 30 AR ARG W b 2 REVE AR S A HL
W EREFRIEFRIPIARA B EER, B
HTFAEERE X K R imIE e f A3 A A
KRB 32 Z2 ol DR 28 A9 B A T - 498 A AL A S0 % 4
SRR 520 ] B8 g At PR 2R ) 55 EL =8 55 A E
R, SRR B T B A7 - Y B T (T 2
ARG ) BRI, X 5 Zhang 45170 75 X BE
T I FT 4 I AR — 5. FIE R A A R E T
HALBR KN dE il T SRR PR 3750 55
FH AR, B2 A K e o A . 9 IX
HEEA S RID KR (0~20 em) AbR T34 8 ik
43.8% , TIEFFIKRE Ty AR, K A3 S 13 2% M) 1Y
A 2Z BB B AR AR B e IR I 25 T )
Tl LA (A5 32 B AP in i £ 4
{%LSH X

225 3k

[1] Kahmen A, Perner J, Audorff V, et al. Effects of plant
diversity, community composition and environmental pa-
rameters on productivity in montane European grass-
lands. Oecologia, 2005, 142. 606-615

[2] Bai Y, Han X, Wu J, et al. Ecosystem stability and
compensatory effects in the inner mongolia grassland.
Nature, 2004, 431. 181-184

[3] Deng L-P (XBF[#), Bai X-J (HHEEF), Qin S-J (F
ME4:) , et al. Spatial distribution and scale effect of spe-
cies diversity of secondary forests in montane region of
eastern Liaoning Province, China. Chinese Journal of
Applied Ecology (I A=), 2016, 27(7):
2197-2204 (in Chinese)

[4] Irl SDH, Harter DEV, Steinbauer MJ, et al. Climate vs.
topography-spatial patterns of plant species diversity and
endemism on a high-elevation island. Journal of Ecolo-
gy, 2015, 103. 1621-1633

[5] Zuo X, Zhao X, Zhao H, et al. Scale dependent effects
of environmental factors on vegetation pattern and com-
position in Horqin Sandy Land, Northern China. Geoder-
ma, 2012, 173; 1-9



8 g BILAE R K i U S TN SR A RV R 1) 25 8] A2 e B R el TR 3R 9
[6] Zhang R, Liu T, Zhang JL, et al. Spatial and environ- solute transport parameters. Chinese Journal of Applied

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

mental determinants of plant species diversity in a tem-
perate desert. Journal of Plant Ecology, 2016, 9. 124—
131

Yang YH, Chen YN, Li WH,
tween soil properties and plant diversity in a desert ripar-

et al. Relationship be-

ian forest in the lower reaches of the Tarim River, Xin-
jiang, China. Arid Land Research and Management,
2009, 23. 283-296

Adams JM, Zhang Y. Is there more insect folivory in
warmer temperate climates? A latitudinal comparison of
insect folivory in eastern North America. Journal of Ecol-
ogy, 2009, 97. 933-940

Luo Y-Y (P W5 ), Meng Q-T (#fK¥%), Zhang J-H
(BKHERE)

tion to soil properties of alpine meadows in the eastern

et al. Species diversity and biomass in rela-

Tibetan Plateau in different degradation stages. Journal
of Glaciology and Geocryology (VK)I|Z%+1), 2014, 36
(5): 1298-1305 (in Chinese)

Sha W (¥ ), Dong S-K (#E{H#}) | Liu S-L (X1
tH#42), et al. Spatial patterns of plant community bio-

mass and species diversity in Aerjin Mountain Nature

Reserve and their influencing factors. Chinese Journal of

Ecology (H=752¢2=&), 2016, 35(2): 330-337 (in
Chinese)

Chen S-Y (BRA2%) , Liu W-J (XIZCA), Ye B-S (1
),
to biomass and environmental factors in the upper area of
the Shule River. Acta Prataculturae Sinica ( Bl 2%
), 2011, 20(3): 70-83 (in Chinese)

Zuo X-A (ZE/NEE) | Zhao X-Y (i#42£85), Zhao H-L
(RIEHE)
ductivity in relation to soil properties in sandy grassland
in Horqin Sand Land. Environmental Science (¥ 5% F}
2£), 2007, 28(5) : 945-951 (in Chinese)

Zhang Y, Adams JM, Zhao D. Does insect folivory vary
with latitude among temperate deciduous forests? Ecolog-
ical Research, 2011, 26. 377-383

Liu G-H (XIE4E) , Zhang J-Y (3Ki%¥Hi), Zhang Y-X
(5KFEH) , et al. Distribution regulation of aboveground

et al. Species diversity of vegetation in relation

et al. Changes of species diversity and pro-

biomass of three main shrub types in the dry valley of
Minjiang River. Journal of Mountain Science (111 H12%%
#2), 2003, 21(1): 24-32 (in Chinese)
Liu Y-Y (MIJFGF) , Hu Y-K (B EER), Wang X (£
#Z), et al. Vertical differentiation of plant species di-
versity and biomass in alpine grassland in the middle
section of Tianshan Mountains southern slope, Xinjiang
of Northwest China. Chinese Journal of Ecology (=752
Z&i5), 2013, 32(2): 311-318 (in Chinese)
Liu Z (X1 j%?), Li Q (% #r), Chen D-D (BifiE
&), et al. Patterns of plant species diversity along an
altitudinal gradient and its effect on above-ground bio-
mass in alpine meadows in Qinghai-Tibet Plateau. Biodi-
versity Science (W ZHEME) |, 2015, 23(4) : 451-462
(in Chinese)
Zheng J-Y (¥B4C B ), Shao M-A (HFBHZ) | Zhang X-
C ( —5‘{/(/\ =] ) )

et al. Spatial variability of slope land soil

(18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

Eeology (RUTIAEZS2:4E) , 2005, 16(7) ; 12851289
(in Chinese)

Bao S-D (#fi+-H). Soil and Agricultural Chemistry A-
nalysis. Beijing: China Agriculture Press, 1999. 25-97
(in Chinese)

Woesten JHM, Lilly A, Nemes A, et al. Development
and use of a database of hydraulic properties of European
soils. Geoderma, 1999, 90. 169-185

Zhang P, Shao M, Zhang X. Spatial pattern of plant
species diversity and the influencing factors in a Gobi
Desert within the Heihe River Basin, Northwest China.
Journal of Arid Land, 2017, 9. 379-393

Yost RS, Uehara G, Fox RL. Geostatistical analysis of
soil chemical properties of large land areas. I . Semi-
variograms. Soil Science Society of America Journal,
1982, 46. 1033-1037

Schneider K, Leopold U, Gerschlauer F,

and temporal variation of soil moisture in dependence of

et al. Spatial

multiple environmental parameters in semi-arid grass-
lands. Plant & Soil, 2011, 340, 73-88

Cambardella CA, Moorman TB, Parkin TB, et al. Field-
scale variability of soil properties in central lowa soils.
Soil Science Society of America Journal, 1994, 58. 1501
-1511

Xu G-C (#FE%%), Li 2-B (Z5t), Li P (&
M) , et al. Spatial distribution of soil total nitrogen in a
typical watershed of the Middle Danjiang River. Acta
Geographica Sinica (HLEEZ=H) , 2012, 67(11) : 1547
—1555 (in Chinese)

Zhao B, Li Z, Li P, et al. Spatial distribution of soil or-
ganic carbon and its influencing factors under the condi-
tion of ecological construction in a hilly-gully watershed
of the Loess Plateau, China. Geoderma, 2017, 296. 10
-17

Dang R-L (355 B ), Pan X-L (W), Gu X-F
(JBZ5104 ) . Floristic analysis of spermatophyte genera in
the arid deserts area in North-West China. Guihaia (]~
PEHIY) , 2002, 22(2): 121-128 (in Chinese)

Niu S-L (ZF4510) , Jiang G-M (CEEH) . The impor-
tance of legume in China grassland ecosystem and the
advances in physiology and ecology studies. Chinese Bul-
letin of Botany (FHY2#iE ), 2004, 21(1): 9-18
(in Chinese)

Deng L (X3 %), Shangguan Z-P ( F'EJ&°F). Dis-
tribution of natural grassland biomass and its relationship
with influencing factors in Shaanxi. Acta Agrestia Sinica
(MR |, 2012, 20(5) : 825-835 (in Chinese)
Ma W-H (Z3C4L), Fang J-Y (4 =), Yang Y-H
(BIes),
ges in northern China’ s grasslands during 1982 - 2006.
Scientia Sinica ( Vitae) (¥ E Bl 2. L mFl),
2010, 40(7) : 632—641 (in Chinese)

Ma K-P ( B 5E3), Liu C-R (XJ44%), Yu S-L (F
A )

Mountain ,

et al. Biomass carbon stocks and their chan-

, et al. Plant community diversity in Dongling
Beijing, China. Ill. Species-abundance rela-

tions of several types of forest communities. Acta Ecolog-



10

B A

&l 30 &

[31]

[32]

[33]

[34]

[35]

ica Sinica (HEAZEAR), 1997, 17(6) ; 573-583 (in
Chinese)

Yue M (£ BH). Species diversity of higher plant of
Quercus liaotungensis forest in Qinling Mountain and the
Loess Plateau. Acta Botanica Boreali-Occidentalia Sinica
(PHACHE ), 1998, 18(1): 124-131 (in Chi-
nese )

Lundholm JT, Larson DW. Relationships between spatial
environmental heterogeneity and plant species diversity
on a limestone pavement. Ecography, 2010, 26. 715-
722

Fibich P, Leps J, Novotny V, et al. Spatial patterns of
tree species distribution in New Guinea primary and sec-
ondary lowland rain forest. Journal of Vegetation Science,
2016, 27. 328-339

Li L (2 #K), Zhou X-Y (JA/NB), Huang Z-L (%
HBR), et al. Study on the relationship between a diver-
sity of plant community and environment on Dinghushan.
Acta Ecologica Sinica (752 4), 2006, 26 (7).
2301-2307 (in Chinese)

Zhang L-J (ikAKER) , Yue M (5 BH), Gu F-X (Jili

165 , et al. Coupling relationship between plant com-
munities’ species diversity and soil factors in ecotone
between desert and oasis in Fukang, Xinjiang. Chinese
Journal of Applied Ecology (N AEZ2AH) , 2002, 13
(6): 658-662 (in Chinese)

[36] LiX-R (Z§5), Tan H-J (IE&MH), He M-Z (fi]
BAZE), et al. The response of shrub species richness
and abundance patterns to environmental change in Alxa
Plateau: The premise of shrubs diversity conservation in
extremely arid Gobi regions. Scientia Sinica ( Terrae)
CPEPRE . HERRLE) | 2009, 39(4) : 504-515 (in
Chinese)

[37] Abrams PA. Monotonic or unimodal diversity-productivi-
ty gradients: What does competition theory predict? E-
cology, 1995, 76. 2019-2027

fEE®N 7k B, L, 1993 454, WL WF5EE. EEMNEH
FEE - 1 HEAH B OE R AFSE. E-mail : zk930321@ 163.com

RIEHE N W

sk, WRENan, FREAE, AF. B UK PR S RN TR AT IR A 2 () S S HE A PR B BT AR A, 2019,
30(8): 1-

Zhang K, Chen L-R, Xu H-M, et al. Spatial variability of plant community characteristics and its influencing factors in a small water-

shed of wind-water erosion crisscross region on the Loess Plateau, China. Chinese Journal of Applied Ecology, 2019, 30(8): 1- (in
Chinese)



