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Effects of shrub encroachment on biomass and biodiversity in the typical steppe of

Inner Mongolia
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Abstract: This study investigated spatial pattern, plant biomass and community characteristics of the shrub and interspace
grass patches in Caragana microphylla Lam.( C. microphylla) encroached grassland of Inner Mongolia. Field quadrat surveys
were conducted at three sites with lightly, moderately and seriously degradation states mainly resulting from overgrazing.
Results indicated that the aboveground biomass of grass patches decreased with the increasing intensity of degradation, but
C. microphylla showed reversed trend. The total aboveground biomass including grasses and C. microphylla decreased from
the lightly to the moderately degradation sites and then increased from the moderately to the seriously degradation sites.
Biodiversity increased at shrub patches with increasing degradation intensity from the lightly to the seriously degradation
sites, but decreased from the lightly to the moderately degradation sites and then reversed from the moderately to the
seriously degradation sites at the interspace grass patches. We noted that biodiversity of shrub patches was much less than
that of the interspace grass patches at the lightly degradation site, while it was greater than the interspace grass patches at
the moderately and seriously degradation sites. The above results suggest that two stable states might exist in the process of

shrub encroachment, i.e., grasses dominated and C. microphylla dominated. Ecosystem was stable with more biodiversity

BESWA  BEAR M EFEREIEEFBITH (41025001) 5 K ITA4%F A1H A B IR0 55 B350 H (IRT1108) 5 b de im B EE ARl 55 S e BT H
TG R AR L4 5 3 A RBHIF G 3h 2% Bh 30T B (YC2013D15)

Y75 B #A:2012-08-10; 1T H#3:2013-03-04

# WM IHAEH Corresponding author. E-mail ; xyli@ bnu.edu.cn

http ://www.ecologica.cn



7222 JAE = 33 %

and biomass when grasses or C. microphylla dominated, but it was unstable with less biodiversity and biomass at the

transitional stage from grasses to shrubs.

Key Words: spatial pattern; shrub patches; grass patches; Caragana microphylla Lam.
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Fig.1 Location of the experiment station and sample sites
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Table 1 General situation of sample sites and quadrats setting

pws D9 PR FARRICRIE ) e g PR R
. ample . Degradation . .
Sites number Location aradients Anthropic disturbances Plant community
. e 1-1 . e B BB R R S5 75.04% ;
BEdh 1 . AT 2000 45 FF b . BBl B 2000 4FFF 4 [ 4t o o s g
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- BEdb 2-1 LT RERER S B2 DI e bl e 485 2 F BB AR B A 55 BN 68.60% 5
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FEHL 3-1 SREMEE)  AMGEZ A ER N YRR NSRS L B R
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SPSS13.0(SPSS Inc, Chicago, USA) 51, Gt i 4 iYL B & /K- ¥y P=0.05,
2 EREHM
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Table 2 The density, area percentage, average size, average perimeter and fractal dimension of shrub patches at the lightly, moderately and

seriously degradation grasslands

(AL B/ (B/hm?) [ AVER gR s - AL/ m? K/ m REEiei37
Sites Density Area percentage Average area Average perimeter Average fractal dimension
2 Lightly 293.33+46.19a 1.32+£0.90a 0.44+0.27a 2.16+0.76a 1.06+0.04a
HE Moderately 1280.00+647.16b 12.96+2.09b 1.19+0.52a 4.27+1.45b 1.22+0.10a
¥ Seriously 992.00+266.29h 40.12+7.06¢ 4.34+1.52b 6.44+1.23b 1.10+0.08b

RPBAE N FIE£SD , n =3, [Fl—F AR TR R 22 5 B35 IR FRER R 22 58 35 (P<0.05)
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PNGEHR R A, T R sl AR A, LV A BB 2 50 K TR AR Al 9B A BRE R v BRI
BE— P HER {EIE DA BESR 1) 85 T A AR5 5 v BE IR AL e A e 22 AR 4 (1 2)
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Fig.2 Spatial pattern of shrub patches at the lightly, moderately and seriously degradation grasslands
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Table 3 Biomass of shrub patches and grass patches at the lightly, moderately and seriously degradation grasslands

. B rhEE HYE
=77 Samplhe quadrats WiH 1
FEJ7 Samplhe quadrats MH Tem Lightly Moderately Seriously
BB BES (1m® e
SRR (1m ﬁéjj) HH B B 35 B Total coverage /% 75.04+4.69a 68.60+1.17a 50.81+7.12b
Grass patches (1m*~)
S IREr S
Ju
24.63+12. 15.37£6.2 .719+6.
Coverage of Stipa krylovii /% 6312.36a 5.376.20b 5:79+6.35b
}li[nlff%[::-jr; .. 26.65+7.78a 13.73+2.65b 10.61+5.23b
Height of Stipa krylovii /cm
SR i
R , 32.81£20.79a  13.01£5.07h 6.36+5.87b
Biomass of Stipa krylovii /(g/m”)
B BEH S A )
o J\ v ) 136.16+24.71a 75.69+11.41b 61.77+13.04b
Total biomass /(g/m”)
HENBES 23t NI A 7
TS (25m° #T) J e %JLE%E . ) 230.68+139.66a  184.00+27.47a 247.80+141.10a
Shrub patches (25m?) Biomass of Caragana microphylla/( g/m*)
FATE Y )
EZ]&){‘ i ) 237.39+37.37a 93.47+49.21b 93.44+17.73b
Biomass of grasses /(g/m”)
HE B A ) i
(g ;% e 5 468.07+149.54a  277.47+77.45b 341.24+154.73b
Biomass of shrub patches /(g/m*~)
HENFEE FH
2w - EATREEE S L 1.32+£0.90a 12.96+2.09b 40.12+7.06¢
625m?( FH+E ) FETT Area percentage of Shrub patches/%
2 “rass  patches M58 )L B
625m”~ quadrats ( Grass patches + /J\ K I%JLI_JE ' 22.59+1.6% 18.94+0.354 39.7347.72h
shrub patches) Hight of Caragana microphylla /cm
NI
J_ HRRLENR . ) 3.05+2.55a 23.85+4.72a 99.43+21.43b
Biomass of Caragana microphylla/(g/m”)
AR S A
$4\* ? e ) 137.50+1.12a 77.99+0.46h 74.48+2.74c
Biomass of grasses /(g/m*)
Y SR Y
R nE 140.56+3.67a 101.84+5.17b 173.90+24.17¢

Biomass of all plants /(g/m?)
FPEAE A MESD 0 =3; [ A7 TR R TR RR 26 7 3 MR RE R 22 5 A i 35 (P <0.05)

o ST R TN A5 3] ) 5 vl R R e B DA BRE R R R B R A7 TR AR, b A ) R A
AR 8] 3 A0 b R il B4 AR SR A e b B (9 T, TH A5 31 625 m BT rh /N it X8 L RN B AR A )
BYLE D) AR (3 3) , Z5 R R R B A vh B IR AL R rp /NS LA W AR T AR A i, R A
Hiu /N RR XS LA W) B T RASAE ) A i 5 /N R X LA ) B R AR A A R B e A A )
A i Bt R b AR AR B B 2 BTR3NS ) LA B AT ) 1) S A 0 e RN i 0 ) LA AR v B S S b
Je B NSRS LA P i o R AR ) 0 L 19 S 52 U 1 ks e (R b R R R R Ak 43 Ry
2.18% .23.42% N 57.17%) .,

2.3 Y ZAEPERHIE
231 o ZHEREE

P 3 A | vl R R e AR A et b 0 DA IRE R Rt R B 04 ) o = B 6 28, Simpson AR S OL B 5 4L
Shannon-Winner =9 Z A8 BURT Pielou R ¥ 25 BEFE B 3) , HIRL 3 AT 0, 3 AABE B 19 1 Fb 3= & 3 45
£ Simpson AEILFHE FE LA Shannon-Wiener A2 1) 22 FEPE R B 2 B H 5 1 38 AR B8 184 Do g 184 Jon g 325
L BREER A WA = B B R 8L Simpson A= A0V FE HUF Shannon-Wiener A= 49) 22 1M 75 80 7 b 1 (b F B 44
I IS 5B i IR Ak e b R B B ) T R R 0 Simpson AR A DL EE SR EORN
Shannon-Wiener A=) Z A 1 48 K0 K T HE A BE B, i o 2 A & B 3R Ak 0 b vp 50 3 35 B 50 W) Fh 32 5 R R 8L
Simpson A 255 EE F5 ZUF Shannon-Wiener A= 9] 2 FEVESE BN THE BT

TH AT ) b 1) 5 B 8 5 e e 3R A B0 o 52 el S 38 I 5 | B b SR A R 24 ) R R A
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Fig.3 « diversity of inter-patches and shrub patches at the lightly, moderately and seriously degradation grasslands
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Table 4 Correlation coefficient of species and area of shrub patches at the lightly, moderately and seriously degradation grasslands

2 Lightly H1EE Moderately ¥ Seriously
5 22 EL Correlation coefficient -0.337 0.831 -0.248

THE NS N AE D ) R 805 E A BE SR T AR A DG R BN 4 Frs ot 4 ml i A B A o AR Ak e
A BEH ) RS BE TR T FR R 35 (P>0.05 ) A G 56 2, i 18 1k 5 i v J8E AT B ) b 55 5 A
BEHLHI AR AN B35 (P>0.05) IEAHIEC R | UL HE BRI 1) A ) Z2 A 32 T DA BRE B 1) TR AR i /N
232 BEHMIEE

5 R AR AL R b R BE S AR Z B B R B AR, 3R S R, B ZAEMETE
0. 294—0.500 Z [R5 5y, SARME SRR Fen BEvE (B A B 2 ok, st b BB ni &, e iR A b 55 v
R R AR A b B BRE SR 2 (R B A R I 38 0 A e, DB A R A B R R SR R b R B
B ] A0 B 2 70 25 S Pk S B ik A s SR A BERL T 3, R R b 5 v B R B T ABE SR B 2
P B0 ik A, 1 IR AT e B AR A b v VR DA BRE B ) ) 2 AR 2 SR R I R B kR —iR
AR B B b T 5, v B R A B P E A BEEORN B M BB 2 [R] 1 B 22 R R A1, T R Ak R b v E A BB N
L BREH 2 [R] 1 B AP AR g, U BH e AR A b v VB DABRE SRR R b B e (] 1) /N A B 25 S g TR R IR b
Al P A BRE SRR R b BB (] ) /N 35 25 S R
3 itig

0 v o B R Y, — T 5 B X R e G A S SR e P A AR T RRL o, P RE S | R
- AR R A 20 S — T T R R KT G SR e AR A R X, - LR I R R AL B B
| HHEIR AT NB RIS | S S R GROK AN SR AR TR A, 0 T SR o B i e 5
ARG S ER R NLEA32M T 38 H PG A O0 R BCR RS RE O e B 0 % A W e v
D FAF i 55 B AN A Py SRR, Rl 2 T 5 T 2200 P B AS AR ) R AR S B A A s ] S 3R SR M
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Table 5 f diversity of inter-patches and shrub patches at the lightly, moderately and seriously degradation grasslands

B BELRL Grass patches THENBEERL Shrub patches
I T B i i
Moderately Seriously Lightly Moderately Seriously
L BEER B Lightly 0.333 0.412 0.333 0.500 0.418
Grass patches H1BE Moderately 0.294 0.436 0.208 0.309
H ] Seriously 0.429 0.373 0.276
HEBEH B2 F Lightly 0.385 0.478
Shrub patches H1BE Moderately 0.382

PN 5 oty B G AL AR rh | B T AR ) 5 R AE el N B XS LTE R I e JE TR R G
K 3 RIS 3 B AR ORI FETF5E 4, /N R XS JLAEAR H ik B9 AR R TESE i L HOR B 2 58K 43 (R ]
D7 T AR LS A ) A AN RS LR SR PO BE A R P LR A R AR DY R 5 A A i
GEWTHEIN , Fe AERE v o 0 D 3 A b S5 00 S B M A AR ) o A bR A 1) /N 3 L o A bR A 1 e
e, Zhang 55 RPULINIE I |, 5 B EHOR LE | oE ABESR b INIHER XS LA MR OE 2 T 5 HIER K e s,
FSEAR, M b N ARG VR ) B i e, R ML RN 4 AL L R BRE 2 ) 23%—31.6% Fil
149%—27.2%" JE 8T PR RURFAE 0 S5 T 5 i BEBR A “ AR 708 7 FE K43 SR S5 M & L A RTHR T, A B
PR AR B (A A i, DR DL AR B b B RN AR A R v W N BB AR g e A v TR b B

R PR ARAL B b 37 [ B R P A3 32 B 5 3 LR RV T RE AT o 28 X P 35, T A BB /b T RR
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