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Abstract

Aims The community structure and function of the shrub-encroached grassland, as well as its formation mecha-
nism, is one of hot scientific problems in vegetation science. The spatial pattern analysis is an important means for
studying plant population interactions and the relationships between plant population and environment. The
shrub-encroached grassland is one major vegetation type in Nei Mongol. Knowledge on the spatial pattern of
shrub can improve our understanding on adaptive characteristics of shrub to steppe environment.

Methods We chose Caragana tibetica encroached grassland distributed in Ordos City as research objects. The
spatial position of each C. tibetica individual in 64 m x 64 m study plot was determined by a method of
“three-distance location method”, and then the spatial pattern and intraspecific associations of C. tibetica indi-
viduals was analyzed with the point pattern analysis.

Important findings The results showed that C. tibetica population was at the rising stage. The mature individu-
als showed a uniform distribution at the scale of less than 3.7 m, subsequently exhibiting a random distribution
with an increased scale. The juvenile individuals showed an aggregation distribution at the scale of 0.3-20.4 m,
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but a uniform distribution at other scales. The dead C. tibetica individuals were distributed aggregately at the scale
from 0.7 to 1.4 m, but randomly at other scales. An indistinctive positive association was found for live C. tibetica
individuals to dead individuals at the scale of less than 9.9 m, but no associations was found between them at
other scales. The mature individuals negatively interacted with juveniles at the scale of larger than 2.2 m, but un-

associated at the other scales.
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AR SO, E R T 5 5 X H L —Fh
BB A, FRONRE ML (R3S 145, 2014).
BEMERFAET B2 X) 20, S5+
B X HAH110%-20% (van Auken, 2000; Eldridge et
al., 2011). ITAFRABEITTE H, B AR H
MO TR, IREE. KA FFED IS, R T
FhZH ARV G540, X A5 HE ML BRI 4504 . T
e M AR A AR BT 55 (Eldridge et al., 2012). -
1E200 2 0T, AATHEZ 2T 52 T R H X 5
FIREMAL ISR, H B 508 T AL i A0 52 e ik A 7 1t
Fo 4k T-201H 22804 AX 5 HI(Archer, 1989; Grover &
Musick, 1990), F5|#2 4Bk iz % ¥F (van Auken,
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H 77 E 45 3 256 T 16 3€ (Buffington & Herbel,
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Knapp et al., 2008). A% % Ff 14 (Eldridge et al.,
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TR () AR AR PR SR a3 1 23 18] SR I A2 45 ]
—WFh A R BAS R R AN AR AE 25 8] | ()4
PE, AR T R T R AN E A6 L ] (Greig-Smith,
1983).

FEMUERAE NS AR HAECR. &
> & (Stipa) 184 A2 e M AL B JR B A2 Fr AR 5 7,
JR R L DL 2 B (Leymus chinensis). #K ¥ (Agropyron
cristatum) 1 ¢ 1 2 -1~ % (Cleistogenes  songorica) -
AT, HEARE R 3 B 459 ) LJE (Caragana) a4,
—Ludh 5 K AR Mk (Prunus pedunculata) A1s =k i)
(Oxytropis aciphylla). ¥ Mk & 5t 5 8 F R XS
JUJE M 8 2 A=A 22T ) T 5 2 BB AR o A B
R, B R RS S5 (Stipa: grandis).
Jb4t3 (Stipa sareptana var. krylovii). 142413 (Stipa
tianschanica var. klemenzii) 5% %5 7 £t 5 (Stipa bre-
viflora), 1X—3L 55 K AR K& 55 B 5 — 2 (ZF Kk
7, 1996); XY JLJE KK e/ XS )L (Car-
agana microphylla). %1%y )L (Caragana pygmaea)
BBk M- X8 )L (Caragana stenophylla). &Il 574 L,
(Caragana tibetica). 145 it #E AL BE 5L LL/N 20
JURERIFEXG JLEMME N . A HRkE, Dt
9 ) LiE ML EE JE 295 000 km? (JAIEES, 1990); %H/R
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Fig. 1 Schematic view of “three-distance location method”. a
and b are the distances of canopy center to each two fixed
points, ¢ is the distance of the two fixed points, patches are
schematic maps of the shrubs canopy.
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JEFE AN 51 A . BT T A B TR
AR TE A B R W2 2 5, B LR A 58 4 =5[]
Bl A1 25 R 0 R A6 56 4% JR 25 7 (Wilby & Shachak,
2004) . ARG ) LAEEA AR ] 1) 25 18] DI 14 2K FH AL
A5 B K12 8% % (Lotwick & Silverman, 1982)F14& IE 5
[FJL12 % 5 (Diggle, 1983)3E1T 0 #T . XWAF K12 8K L
AT

4 B )
2. —= 3)

mny o = W,
o, ngFing 2y SRR TE T AR AR A [F) B B Bk
FEERE T IAMAS, S8 e LA AL,
FIFE, A EERFEE, 45 R E M, Diggle
(1983) W K12K H AT 1B 1E, 13340 N LI2R %

L12(r)y = 1[Kﬁ(r)—r (4)

#L12(r) = 0, WIFErE R WA TR & W B2k
BT IME A BB, #L12(r) > 0, WITE
Py BBl N AN TR R B B B A7 5 RS TR B AR I SR T
#L12(r) < 0, WIFERER WA FR & M B2 iR
B TFRAERGACE . EMFREFR, MERZET 2
—ANBEALI T RE, Rk, 7855 HT i AN R R SR A
P2 TR RIAE DG OG 2T, SR F B AT 25 AR R idE AT
6, ANFR B BB AN, 76k B ) E
BRIEWT, Fi, 1550 AF K E B BAAZ 5]
[ 2RI, DUAH T A EAR AT 56

T B R r A A2 S PR 2 ARV, S b
25 ] RS AR/ DA 72 b N IR G, el
7, B FETT AR P TRIAR . S SO THT 2 A% ) 2 1)
FEERFRLARHI RN

B4z 23 My i #4258 F Programita (Wiegand, 2008
WR) A 5E L. ARHE R AR 7 R/, 23 [ b e LA
0-64 m, 73#75K0.1 m, K H Monte-Carlotl &5 %6
BE ML L0909 K it 5 | Rk, B XA
99.9%.

2 ZRMDR

21 FEFFEG)LHBEAELEMBENX DS54
FFIE

B2 0 1 A 5 B R S ) LA AR 43 A B %
FE 5 A 3 U7 A 30 1 896 Fk B R HR S )L, S EE N
11.88%. K77 A7 i ML 6100k, 5% N11.56%;

K12(r) =

www.plant-ecology.com

FETZ/NMA286Fk, 5 N0.32%. ERIFEAS )L TH5E
fiE461 cm x 42 cm, # K{E1%250 cm x 200 cm; i
NI SEAE T R . IR AT L, B AS ) LA
AR B ST A R

64
60 9"
561 4.
52R T o0

e ‘e % satess
E L e
agpEtil et
A0 - e

. - -
k1] LS
32 peser o,
el Te .'-_.f';_".'
24 p. % ’

2000 el

e e N
® e el
vt o . "o8)
e
0.“

il South-North (m)

Bei: bien T s |‘ .I:::;I-. ..I.: .T. L '.:.‘: .‘.
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
f—% East-West (m)

E2 BRI ILAERETT R AT B o S0 BRI MA,
T BRI IETAMAE, BR/NR R TR ] A AR A e K
N,

Fig. 2 The distribution of Caragana tibetica in 64 m x 64 m
plot. Each circle gives the location of living (filled circle) and
dead (empty circle) C. tibetica and circle area is proportional to
canopy of C. tibetica.
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Fig. 3 Relationship between the length and width of Caragana tibetica canopy.
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manner.
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Fig. 5 Ripley’s L-function for patterns of Caragana tibetica individuals under different survival status and developmental stages
with confidence envelopes (lines). r referred to radius of sample circle from C. tibetica as center, Confidence envelopes are the high-
est and lowest L(r) of 999 randomizations of the pattern over the study region.
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Fig. 6 Ripley’s L-function for spatial association of C. tibetica individuals under different survival status and developmental stages
with confidence envelopes (lines). r referred to radius of sample circle from C. tibetica as center, Confidence envelopes are the high-
est and lowest L(r) of 999 replicates of a random labeling null model for individuals under different survival status and of a popula-
tion independence null model for individuals under developmental stages.
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