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Abstract: Due to global climate change and anthropogenic disturbance such as overgrazing, many arid and semiarid
grasslands have been encroached by shrubs during recent decades. In this study, three Caragana microphylla shrub-
encroached grasslands with different exclusion restoration periods (fenced since 1979, 1983 and 2003, respectively) were
selected in Xilingol steppe region to analyze the effects of enclosure period on the population size structure of C. microphylla
and the interspecific associations among main species in the shrub interspaces. In addition, we tried to analyze the
corresponding mechanisms by testing niche space distribution of species in the shrub interspaces. (1) The skewness of size
structures of C. microphylla was positive in eight out of nine plots, indicating significantly positive skewness. The size of
C. microphylla increased with the elongation of enclosure period in the low or middle shrub coverage plots, mainly due to

the decrease or disappearance of C. microphylla less than 0.5 m. (2) With the elongation of enclosure period, the niche
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width (B) of perennial grasses in the shrub interspaces increased, i.e., Blyqpmed > Biogs ronced > Baoos penced » and the
interspecific associations among main species in the shrub interspaces shifted from negative association ( competition) to
positive association (facilitation). The findings not only revealed the community dynamics and tendency of C. microphylla
shrub-encroached grasslands under fencing condition, but also provided insight into the corresponding mechanisms in terms
of C. microphylla’s population size structure and the interspecific associations among main species in the shrub interspaces.
The results would provide experimental data and theoretical guidance for the rational utilization and restoration policy-

making in the shrub-encroached grasslands.

Key Words: Caragana microphylla; enclosure; population structure; niche breadth; interspecific associations
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Fig.1 Frequency distribution of canopy diameter of C. microphylla
F1 NHEBILENAKXNR S FEH
Table 1 The size structure and skewness of C. microphylla
Fes {WE Skewness SENE A Canopy diameter/m
Site
=i hEE SRE syl G P SEs S
2003 [l3} Fenced since 2003 0.965 1.104 1.388 1.485 0.89+£0.05by  1.26+0.05bcB 1.80£0.07a 1.45+0.04
1983 Fild} Fenced since 1983 -0.009" 0.809 0.905 1.058 1.08+0.06ay  1.38+0.06abp 1.73+0.07a 1.49+0.04
1979 [} Fenced since 1979 1.128 0.886 1.094 1.234 1.18+£0.07ay  1.45+0.07aB 1.71£0.07a 1.53+0.05

R (L T , T SR 2 TE 25 5, A L 8 7 S5O A I 125 A1 5[] — 5107 49 (8 Nl ) 1 3863 =5 5 4 7 B4 B ) 2

R T 7, S AR IR i S 2 AR TR/ N0 L 2 2 5K 35

J7 2 BT A o B A B A b 55 8 K g A FH 2456 /N i i 3 L et i /N LA B S (P <
0.05) . TR FARLNI LS SR WoR , [F— BT, BEE A 55 B KRN, /N4 0 ) LSe35 408 K 7R 26
FEIX N, 1979 AFH1 1983 AT I X P 9 /N i 3% L JeE i I 25 85 T 2003 41 [ 3 AE X 78 b 35 B X, 1979 4R [
EPRE X P /N B XS L i (22 T 2003 AR RE X, 51 5 1983 AR B FEIX BTG 45 R L B & £ 5, 1
X RFEBEAERE TR E R (R 1),
2.2 WyFEEE KA ST

TE 1979 4E Rl E R b | Z4E 4 R ELPIZE (Achnatherum ibiricum) W) B BB B 5, 4 0.253 3 284 R K ES
FIRZ, R 0.144, TE 1983 Fil 2003 4F [l B AL, 2245 A4 Ze R R B $ 57 7 ( Carex korshinskyi ) 1) TR ZH i ey
5318 0.298 F10.379 ; 44 J A H — RE B3 (Potentilla bifurca) Z, 533124 0.176 F10.151 (3K 2) .

#1979 FIEFEL b, AR S T8 & T 1 R 2 LA 2 AR R SRR, AL 5 VK E (Agropyron
cristatum) KEFF EREFPI 0 24 E QR 1) R 0 B 8 5 A 1983 [ E A A28 A0
LT 1 IR 0 o Z AR AE R B KA P M A e i T T e o AR R AR AR ) 2E
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(Axyris amaranthoides ) F:HE AR AR HoRK ( Kochia prostrata) ;7£ 2003 FElEMERL P A2 3507 58 BE & 1 1 IO FP 051
NEAEERFERES  ZH SRR T RRR S MR B M — YRR (£ 2) .

R2 DHEBEBILENBFEAYHEEZERESMARE

Table 2 The importance value and niche breadth of species in the interspaces of C. microphylla

ByjYicyiea YyFh FHEHA Importance value A&7 9E BE Niche breadth
Functional groups Species 2003 FElEf 1983 FlES 1979 BlE 2003 FlEr 1983 FHE 1979 FlE
LA R KL VKL Agropyron cristatum 0.019 0.008 0.041 0.758 0.578 1.106
Perennial grasses BEFRF B Cleistogenes quarrosa 0.025 0.019 0.024 0.888 0.900 0.980
KESF Stipa grandis 0.128 0.097 0.144 1.343 1.295 1.368
W HE Koeleria macrantha 0.007 0.494
- Leymus chinensis 0.045 0.149 0.054 0.784 1.401 1.263
P2 Achnatherum ibiricum 0.038 0.035 0.253 0.724 0.731 1.413
LA TF S Potentilla bifurca 0.151 0.176 0.097 1.202 1.405 1.366
Perennial forbs WALk Klasea centauroides 0.020 0.899
WP Carex korshinskyi 0.379 0.298 0.087 1.408 1.444 1.168
RS RAATE Thalictrum etaloideum 0.011 0.006 0.719 0.430
B4k Allium ramosum 0.021 0.019 0.023 0.814 0.974 0.752
REEB Potentilla acaulis 0.017 0.006 0.501 0.125
— ZARAAEY IKEEHE Chenopodium laucum 0.040 0.010 0.040 0.932 0.797 0.996
Annuals and biennials WEE Axyris amaranthoides 0.053 0.036 0.003 1.190 1.333 0.408
AR R Artemisia frigida 0.006 0.014 0.432 0.685
Semi-shrubs AHJBK Kochia prostrata 0.050 0.068 0.027 0.921 1.099 0.785

2.3 BRI EEAROCIRE S BT

FET T 2R VR LA I 45 5K T LIS 2003 AEFE I, VR (B2 0.764 , BE 7% h 2R a] 13 4
I R AR Sk 1T 1983 A 1979 4E Rl B REHL BT S VR (4 T 1,43 510 1.347 F11.039, = Z 4 Fh [a] 1)
BRI R R IOE SCHR (R 3)

R3 NHEIGILEMER R EEY T E AL T

Table 3 The overall association among main species in the interspaces of C. microphylla

B it TR K gt i R FA RHRE

Site Variance ratio Statistic W (X3os.n » X305 ) Association

2003 [Fl3t Fenced since 2003 0.764 22.92 (17.71, 42.56) LT UIBS TS

1983 Fildt Fenced since 1983 1.347 40.41 (17.71, 42.56) PR AE Gk

1979 Fil#t Fenced since 1979 1.039 28.05 (15.38, 38.89) TR AR I
3 itig

FE A R T/ NSRS LB S B3 AR5 1 T AR A5 AW 3 i G ARG T
NS0 JLTHE MR 2 75 SR DX 75— RIS I WA R — B A58 2 . AR URIBALTE 2014 4F4R)
BT HETEE 5—8 a BYSLIRESR, A BUBEE [ £ I 18] A9 ZE A, /NI X0 LR o B2 A BT AR, ELAS: HE /)N - 4
MG JLRIRE 5 B 5 20 AP AR R 1 T (2 3 UMD OG 3R R 6 T e 4 SR A DU/ ek 0 LR T i 383R
ARSI AR B 15—39 a BUREHL N TR AIIFFE A B, BB UERS /N T 0.5 m e i 149/ 4i X ) LR i R ARl &
T, 28 (A A 14 e i it P 4 PR A S 4 2 B 38 R AR B 34 S M 34/ N i 0 LA P S AR XN I
W, SRR T RT— RSN R XS LR SR B BRI 2598 T3 A0 AW SEIE Kk B 2 AR A R R B E{E B
AR R R S0 TS A, DA A= 2850 E 577 T Ay /0 P 0 LR R i 5 20 4 A IR e ) T (3 A S R A
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B TR AT LA /N T 0.5 m /NS LA R AR 2k 5 HE DA 8] AR ) 0r AR EA I 5 AT S b A R

T Bl RS2 1 OO 3 ) 25 BR A5 HE A ) REAAE D A MR A A SR o 28 A 2R 2507, ORI 1 HAT
B /INTEE R /N B R LA A 2020 I P e A B, A 400 0 7 00 P R SR N A 0 T R S L S 1 B
(ISR WS RSN ), 224 A R R DR EE B s 110 SR AR B DR AR A RE T, DA T A P e 3 A
WIRETE R R AT Pierce S5 AE 3 [T B VY HE RE S A T 44 5 256 DX A A R b A B 9T R
B, FAAE YA IR/ T 0.5 m APEAE R FIU I WA bl eI 2 55 4 76 36 B R S0 A< 7 — i
KAV 290 R I, EAGK B — 7 T 5, WEARFIRS TR Se 4 dy, BN S sa e HER . 73R
SCYAEIR R, 8/9 HYREIX AN A J LRI 31 2 B0 1E Qi 25004, S WA RRE S5 4 S 8L {ELTR] R S B /s
T 0.5 m IR A, B = /NASRGEA AN FE , X B8R AN [ F B AF R T /N S0 S LRI RS2 BRAE T — A X A
TEBPIRAS . ZRE RIS, AT S/ N XS LI IR H/ D (<0.5 m) I, BB 7 REA R ) B0 DRk A= (T4
DR 58 B A 2 S A HERR /N RS L, AT L Sk R e o 9 DA T M B A S MR e i T /N i A L e R R
(>0.5 m) I A SR T AR B0 JC A M RE S A A | SEAS L) R E A B8 5 SV DR A A2 DA fe 8 AL
1) 2242 R A MU RE R A 52BN ) LE A B A2 X 5 — AR

LT E] IR BRIE , Fof 1] £ SCIGCIH 2 A R 1] X T AR LU BRI B U5 A 75 SR BT 7™ A 1) 5 4 P 5 T IE 56
SR A I e 43 e AN ) A 0 2 sl EAT AR ) B SR T 7™ A 1 A A AMEE RN Y AR R B, A
I T P B /) Pt A ) LEE DA ) A 2 A S IR S 2% o 07 SRR [) T S HRe A , 2 WITAZEAE v A AL %) A ) 8
RIS 4RI AR B R A, BEVE N Z B R R 18] 52 516 TS5 AL B R IR AR HEAE T . SR80 Tl 2 1 T IR
At 5 U R JURE Vi B 8] SC IR A4 AT 5T B, L RE 6 8 25 0 A v PN B TE S IR A Ak, A R T R R B AR
5B BSOS A B BE R AR BRI AE R REVE IR 2R R ST EERG N FEABFSE Y, 2003 4 R
P PN B 7 A T B K (0.379) , W3 i TR PN LAl bl i Bl LS A R AG SE I, FRAR DL 41 2
Wl . IXSERIT ST A ] 2 AR N Wl IR B — 5 e i, R A IR AT ] s B - i, o ] B3 5 SE e
TR B TRGE ™ . JIAh, BIRTE A U 55 L T A R A 2L B R A AR A O B R A R
MIREA  FHETE T 22 4R A Ze 2Rt 32 A A AL () DA 22 AR A R B RN 22 AR A s m Ak ] 3 e 0 A A5 P i
AE TR VR A A TG T G AR RN IR G R A R A e

A X L 15—39 a F9 /NGRS LI DA 5 M ) BTS2 LI , — 7 TET I S SR Ao /N Pt X6 Ll AR /N5 4
J7 2 T /N ER RS LRI 4 K e h 25, 55— R AR 2 S0 16 A 256 C 8 R b [ SCIBR T T PG 1 BT
X TR DA B R 7 TR R R o I 4 R O 5 BEEAN R (37 /i 0 L JRE DA e b R AR 8 s i ML 4R 3t T &K
oS o i 5 G R TE R AL K S R AR L T B SR
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