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SE, and H-SE) in the desert steppe of eastern Ningxia. Four shrub macro-plots (20 mXx20 m) were established along
uniform elevation and slope gradients. Within each macro-plot, three shrub micro-plots (5 mX5 m) were positioned
diagonally, each containing three herbaceous subplots (1 mXx1 m), totalling 9 subplots per shrub encroachment degree.
Using vegetation community surveys (importance value, density, height, coverage, aboveground biomass, Shannon-Wiener
diversity index, Simpson diversity index, Margalef richness index, and Pielou evenness index) and classical niche theory
(niche breadth, niche overlap, and detrended correspondence analysis ( DCA) ordination ), combined with one-way
analysis of variance (One-Way ANOVA) and the least significant difference (LSD) method, the study examined the effects
of the naturally invading Caragana korshinskii on the vegetation community and niche characteristics in the desert steppe of
eastern Ningxia. The results showed that; (1) During the process of shrub encroachment, the height and aboveground
biomass of the herbaceous vegetation community significantly increased, while the density significantly decreased ( P<0.
05). The community tended to evolve towards a state with lower density but higher biomass. (2) The Shannon-Wiener
diversity index, Simpson diversity index, and Margalef richness index exhibited the following trend: light shrub
encroachment>heavy shrub encroachment >moderate shrub encroachment >no shrub encroachment. The Pielou evenness
index significantly increased with the intensity of shrub encroachment (P<0.05). (3) Species such as Artemisia scoparia,
Salsola collina, Corispermum mongolicum , Lespedeza davurica, and Grubovia dasyphylla exhibited higher importance values
and wider ecological niches. As dominant species in the desert steppe, the fit between the importance values of the moderate
shrub encroachment area and wider ecological niches was high, with a narrow confidence interval and strong correlation (R’
=9359, P<0.01). This further indicates that moderate shrub encroachment is more suitable for the survival and
reproduction of these dominant species. (4) Under the driving of shrub encroachment, except for a few dominant species
with higher niche overlap, the overall niche overlap of the desert steppe vegetation community was generally low, with clear
niche differentiation among species and minimal interspecific competition. In conclusion, the invasion of Caragana
korshinskii into the desert steppe ecosystem promoted the growth of herbaceous plants beneath the shrubs and contributed to
the stability of the grassland ecosystem. These findings provide critical insights for predicting and regulating the dynamics of
shrub-encroached grassland vegetation communities, while offering a theoretical foundation for the sustainable utilization and

management of shrub resources in desert steppe ecosystems.

Key Words: shrub encroachment; scrub resources; desert steppe; vegetation community ; niche
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1 #MREFHE

1.1 RSN

RISHFSE XA T 7 B AR BB 5 Hb 4T (106°49'36"—106°4956"E . 37°60'68"—37°60"98"N ) , A 6 Tt %
TR BRAEZER IR 1300 m, XUl 8°C, AR I FE I & 300 mm Zc 4y, AR 78K i 2150 mm EF,J&
T AL R RS, BEALSE R RN A IR AR AT ARERRG L, T R Y E 2B R
S AL LB AR T 5 VK R B T 5 ( Cleistogenes squarrosa) %5, BIF ¥ X 43 3l 158 i 78U () & o A 1b
(Control Group, CG) . % £ # M 1k ( Light Shrub Encroachment, L-SE) . H J& # M fk ( Moderate Shrub
Encroachment , M-SE ) | [ )\ fk.( Heavy Shrub Encroachment, H-SE) &£ #E (5 B a0z 1 & 1 & 2 P,

R1 EMERBEEMERR

Table 1 Sample plot information sheet of shrub encroachment vegetation communities

T AL R HEARTEYE Shrub community N
]ﬁ: r(je ifsthb A I P4 = ERAAHY

g AR +¥i’q 1 R Bk B/ Dominant herbaceous species
encorachment 2657 /q, EEEE/em SEIR/ em ( kg/mz )
KM CC — — — — — SET S MBS S vKEE wb Sk
REH#MME L-SE 15% 158.94 91x94 17 6.912 MES B I an Jes
R HE AL M-SE 28% 165.29 99x100 23 12.420 SO MR BB RER TR
ML H-SE 40% 209.60 192x212 28 14.532 HER BEH ML T BRT=

A8 FUHT ( Vincetoxicum mongolicum ) F AL %L 5 ( Stipa breviflora ) | 8§ #i ( Olgaea leucophylla) 1% W Hil 3k ( Echinops gmelinii) ; CG : A # AL
Control group; L-SE . WL Light shrub encroachment; M-SE i 35 #E M\ fb Moderate shrub encroachment; H-SE; # J&F b Heavy

shrub encroachment
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FEHE N (>35% ) FEHL ) R Tmage] 250E43 B3 T R E N 26 B, DO FRAS () 9 A PL R B2 10 0 1 4 51 34 3
1 1~20 mx20 m FTEARKFETT PR AR, B AR KA T TR XS AR E 3 1 5 mx5 m VEAR /M
T5, B VEAR/INE T I BEAIL B B 3 AN FAS/INRE T PRI A T TR S RS AR B A 9 e i BB B
TSR RO [ AR R AR R B
1.3 ETTE
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Fig.1 Aerial view of the shrub encroachment sample plot
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Fig.2 Study area overview map
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2 HREHSH

2.1 N[ DAARRR 20T R 1 B 2 5 A P 5 )

T DA [ DA A5 PB4 b o v ) e R vh SR S 1 19 A, Horb 1 AR AR R W) 6 i, Z24F
AEERRAEY) 11 Bl REARKE Y 2 B (3R 2) , SRACERT LR T O H 5 ( Pennisetum centrasiaticum) | JH
AEEE S (Stipa breviflora) BT/RFEHTLEAL ( Heteropappus aliaicus ) JEHE NI R BB HE Wy Al HE N T 55 AR A8 B
HEIE A ZHE4% . K3k ( Euphorbia pekinensis) FLIE KHK ( Euphorbia esula) \ 32}, % ( Neotrinia splendens) A%
H ( Oxytropis aciphylla) TE5% BEHENEAE L FP B ZHE Ol 0.05—0.20, Bl f5 1B iz eV . AR HE AR Hb Py 527y
SR BRLAR R, 0.5224, HLUORME B, 0 0.1817 ; A LW AR b pAY 4 5 v 1 T B2 FLA 57, O 02696, 1
UORHETEIR, N 0.2513 ; HREHE ALl N 520t S ) B BB 7, O 0.4393, IR HE B85, o 0.3191; F
THE N 3 A R B3 I BB e, O 0.2891, HUGR ML WIRT, 2 0.2847 , HEMEE R b S BB K IY)
Fh A 2 0 8 s B VE AR B A ], o A s n , DA v B2 E M XA B ok
HEFE M DX IO AR, 52 B L THE T R a3 4 B S B i VLR B2 A9 T, B (A 8 , {HL
TEH FEREME XA 05 24 BT Bl E HE B BE Y I, S 220 52 IR I b H a3 5ty o S B 26 i Ak
FREERY IR, A R B TR, 5 BT 15 TR S, BAEARTE IS b BERE MBI K

R2 TREMEBEEHYHEZETN

Table 2 Changes in importance values of grassland species with different degrees of shrub encorachment

FEMEFEEE Degree of shrub encorachment

AT A YrFh
Tife-form Species RAEAE 1R EENEME i EEE MK R ME

CG L-SE M-SE H-SE
— AR A ¥ B Artemisia scoparia 0.1600 0.2696 0.3191 0.2687
Annual herbaceous plants W3k Salsola collina 0.1817 0.2513 — 0.2891
ZVKEE Grubovia dasyphylla 0.1583 0.1632 0.0477 0.0961
FEEE Setaria viridis 0.1505 — 0.1529 0.2025
S LS Corispermum mongolicum 0.5224 0.1476 0.4393 0.1004
WISk Echinops gmelinii 0.1744 0.0209 0.0857 0.0642
ZARA B Y) WIEHLE. Oxytropis racemosa 0.1377 — — 0.1279
Perennial herbaceous plants TEJLFATT Vincetoxicum mongolicum — 0.2270 — 0.1982
REBL T 1L Cleistogenes squarrosa 0.1303 0.0594 0.0899 0.0682
W (1% Pennisetum centrasiaticum — 0.1176 — 0.1179
HAEE S Stipa breviflora — 0.1578 — 0.1544
B&UEE Peganum harmala 0.1062 0.1556 — 0.1551
€4 Olgaea leucophylla 0.0765 — 0.1621 0.1849

K Euphorbia pekinensis — 0.1136 — —

¥ %5 # Neotrinia splendens — 0.2060 — —

FLIE K Euphorbia esula — 0.0737 — —
FA[ IR Z M 1 4E Heteropappus altaicus — — — 0.0952
PEAAEY) MK T Lespedeza davurica — 0.1318 0.1667 0.2847

Semi-shrub plants W3 Oxytropis aciphylla — 0.1210 — —

2.2 N[ AT B8 T 575 V6 Jir R AS AT B R FR AR 1) 52 e

e Tie R JE T AR R v BRI T R A, FLER R S R E AR T RS R
JE 4 3 T b R R R R RE L (P<0.05 ) o BV B AS A e B R AR S L b ke A rh e S R R AL AR
JE N REAE A G BE R TR BOR E AR (P <0.05) . FEEHEAL (72.72 g/m®) W3 W T R
(52.98 g/m?) J2JE(37.64 g/m”) K ARHENE (27.84 g/m® ) FEMLFEAAE WM |- 2B M) (P<0.05) . B 5 E
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Fig.3 Changes in phenotypic characteristics of herbaceous vegetation of different degrees of shrub encorachment
ARING PR IR JE B AR R RUARE A 35 22 5 (P<0.05) ; CG: ATEA L Control group; L-SE ; 2 i #E K Light shrub
encroachment ; M-SE ; 1 £ Ak, Moderate shrub encroachment ; H-SE ; T Ji i# Aft, Heavy shrub encroachment

2.3 AN[EIVE AR FE XA B BT 2 PR PR R

ASTFIE TR BE W Fh Z R FE KU UL 3 3, Shannon-Wiener Z2 £ P45 41 Simpson Z £ 448 40 Margalef 3= &
FEFGEIN RN R B > EE RS HE b > BERE AL S AR VE B R L, H AR 5 3 BEE M i 3 s T rh B
FAHEMEFEHL (P<0.05) . Pielou 375 BEHR AR I A « 8 B 3 AL > 45 B2 E AL > v B2 E AL > R T ME
M, H ML B T ROREE MR (P<0.05) o DL S5 153 5 R ML G N T AL
KPR DR ZREVE B CE & B R Pielou 2772 28 B00b FE AR AR B2 10 om gl o . 3 7
2.4 U[RIFE AR BE XS FEAKE W) A 255 AR 1 52 Ml
241 SN

A AN T R B A R T R P T RR D B oy PR iR 55 B 25 B FR AR 2 — , AR A TE BE RS, P Fh R
ZREAL IR A AE ) MG, AR Rl 92 ) R R A A R T B AL T B R Bk i
>S5 HUSES B B 30 > ML TR T > B B 5 > 25 VK ZE > 420 T > 8 i) > 4 2 52 ( Setaria viridis ) >WW B &
( Oxytropis racemosa ) ,F2N BT BEVE RN 3.1072—10.9927 (3£ 4) , HEA B RTHIHIFh, 2 h— A AR Y,
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WEBE SOl BB MR T AR TEME B EERE AL | VE AL R T R
HOP- I A= 25 G5 B A 90 2.0233 3.1771 ,4.2052 F1 4.5123 , v 3 5 50 B E AR RE b 55 38 R T 4% 15 K R HE AL,
FEHD

R3 TREMBEENFHSHEETN

Table 3 Changes in species diversity at different degrees of shrub encorachment

Shannon-Wiener
HEMETRRE LR E(H) Simpson ZHIEFEEL(D) WA R(E) ER (M)
Degree of shrub encorachment Shannon-Wiener Simpson diversity index Pielou evenness index Margalef richness index
diversity index

KIEME CC 0.69+0.08a 0.37+0.05b 0.51+0.07b 0.70+0.09b
REEWEME L-SE 1.41£0.08b 0.70+0.02a 0.68+0.03a 1.25+0.25a
rEEVE MK M-SE 0.78+0.09a 0.41+0.05h 0.54+0.04b 0.86+0.06ab
ML H-SE 1.30+0.07b 0.68+0.03a 0.72+0.04a 1.18+0.13a

ARG FRACRA R AR B R VAT 35 25 5% (P<0.05)

x4 TREMBEVHESUEESTL

Table 4 Changes in niche breadth of species with different degrees of shrub encorachment

TENALFERE Degree of shrub encorachment

Yol A R T
Plant species AKHEME REEHEE rh EEVEAME AR ME Total niche breadth
CG L-SE M-SE H-SE

¥ EE Artemisia scoparia 2.5421 4.1484 7.5199 6.3733 10.9927
ST S Corispermum mongolicum 4.7256 3.3351 8.5880 1.9539 10.5369
WK Salsola collina 1.0000 3.7827 — 6.8616 8.6029
MR T Lespedeza davurica — 2.8842 1.0000 4.7627 5.6570
REFLTHL Cleistogenes squarrosa 1.8488 1.7353 3.9181 2.6101 5.3473
ZEUKEE Grubovia dasyphylla 1.3433 1.7384 1.9635 2.3348 4.9606
A2t F T Vincetoxicum mongolicum — 4.2214 — 2.6011 4.9584
i ] Olgaea leucophylla 1.0000 — 4.5469 0.7567 4.6779
T RH Setaria viridis 1.0000 — 3.5496 1.5467 3.9990
WK Oxytropis racemosa 1.8789 — — 2.4748 3.1072
K&K Euphorbia pekinensis 1.0000 2.3074 — — 2.5148
SHALEL S Stipa breviflora — 1.5042 — 1.8797 2.4074
I&0¥%E Peganum harmala 1.0000 1.0000 — 1.6823 2.1978
K Neotrinia splendens — 2.1345 — — 2.1345
W HISk Echinops gmelinii 1.0000 1.0000 1.0000 1.0000 2.0000
PV B Pennisetum centrasiaticum — 1.7238 — 1.0000 1.9929
ik Oxytropis aciphylla — 1.5564 — — 1.5564
FLI K Euphorbia esula — 1.0000 — — 1.0000
PRI IR ZR A GEAE Heteropappus altaicus — — — 1.0000 1.0000

— B, A B P VR R LR A R, AR 2SN Y R R, 7R AR TR A 85 R B R BE T R A
g, (HAA ST IR, FEEE I AR RS A A7 T B A — PR 2R S R A A T B L v] RE R B
BAEMBLGE ) AHIGE & IR, A TR AL B R v o A M) 1) B B 5 A A T Y S IR M G R R I
HHEE K S e A i RPAEHFCAK, Ju e B E B X3, R* 54 0.9359 , B A5 HF 5 LI Al 19 58 B 3028, AN 1
1%, PIE T AR M o BV AL X B R AR /N, O 0.5269 , B 7 5 P e 98, ANt e M v, o gl 2 10
FEESESMTERSHALKR(E ),

242 HEBNHEZE

A 257 T S JRE SR A W P o AR AR R B 5 4 OC R B H8 A , — RO Ui AR 80 1 B [ 5 W Fh 5 4 ok 55
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