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Abstract: Population spatial pattern refers to the distribution state of population individuals in horizontal space. It is the
result of interaction between biological characteristics of species and environmental factors. It has always been one of the hot
spots and basic problems in ecological research. One of the most common reasons for the formation of population distribution
patterns in plant populations is the difference in growth tradeoff strategies due to the difference in life history of species.
Clonal plants have both sexual and asexual reproduction modes, among which the asexual reproduction mode is an important
reproductive mode to ensure the conservation of plant population resources and the continuation of the population.

Precipitation will greatly affect the material accumulation of asexual cluster and the resource acquisition of corresponding
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organs of plant population, and then change the resource acquisition methods and strategies of plants, finally adapt to the
habitat conditions. The spatial distribution pattern of asexual cluster can reveal the ecological adaptation mechanism of
clonal reproduction and population expansion to heterogeneous habitats. In this study, we analyzed the spatial distribution
patterns of Psammochloa villosa asexual cluster using community investigation and point pattern method based on complete
spatial randomness, poisson cluster process, nested double cluster process. And we discussed the response and adaptation
mechanism of spatial pattern to precipitation gradient. The results showed that: (1) aggregation distribution was the main
type of Psammochloa villosa asexual cluster. At the precipitation gradients of 89 mm/a, 107.8 mm/a, 117.4 mm/a, 186
mm/a, 191.1 mm/a and 363 mm/a, the aggregation scales were 3—126 cm, 9—200 ¢cm, 9—129 ecm, 6—77 ¢cm, 2—95
cm, and 2—96 cm. (2) The spatial distribution pattern based on the complete spatial randomness had a significant
response to precipitation, which showed that the aggregation scale of asexual cluster decreased from 2—96 cm to 6—77 ¢cm
with the intensification of drought. (3) At the precipitation gradients of 107.8 mm/a, 117.4 mm/a, 191.1 mm/a and 363
mm/a, the spatial distribution pattern based on the poisson cluster was deviating it at 15—19 ¢m, 2—6 c¢m, 2—4 cm and
9—25 cm, but conformed to the spatial distribution pattern based on nested double cluster process. With the increase of
precipitation , Psammochloa villosa asexual cluster adopted an expansion strategy to take up more resources and space for the
plant population, showing a trend of increasing aggregation scale in the spatial pattern. The competition of companion
species would increase the fitness of Psammochloa villosa population in the community. With the increase of other species,
the aggregation scale of Psammochloa villosa asexual cluster showed a trend of decreasing due to the fierce interspecific
competition. Psammochloa villosa asexual cluster may form the spatial distribution characteristics of small clusters on a small
scale, which may be related to its reproduction mode, but the underlying mechanism is not clear, and further research is

needed.

Key Words: spatial distribution pattern; Psammochloa villosa ; precipitation; asexual cluster; point pattern

FRHE 25 AU AS S48 R EE MATE AP 28 [ A RS, 22 B B ANR SRR R G408 — HRAS
SERFIE RIS RIS NS Z — Y XA R TR BRI R 50 A 4 S5 dec e DL DR R 22— = R A 3 o 22
S RIS R R AR I [ SRR R, R 0 R B VR 4 B, S TR 2 B s R AR AR 1
VRN 23 () B0 R AU A BC I 2 B 4 R AR IIT R B A 008 s b S 2 S0 SRR e LA P 5 T A A 3
JrA TG A Ty SRR A P R RE s ) R 110 S B, 2 B R R 0 P T O LA AT R Y IE 4 (1 T B
B B S T R R X R ) R PR, T A R RS F L D R B s ) A A A % e AR
RV ORTRIRE KBS BE T A Rl A AR DA 0 5 AR SR RIIKH IO 1 B ) 9 VR AR B 8% 52 1 B /K B W K 5
M, DA T 30 3 A AR B X SR e ke Wb TG M B ek A A A 5 A K TRD 8 IR I 2 A O R DA N A B A
PRV PR, A R A SRR DA 25 B G A 4 SR F 5T RE A6 48 7R 0 P Gk A ol R A S o A 5 P O R
A SEETAILER Xk 4 s A A I 0T S PR %) £ 0 SRR AT e AL ) B i

VL #E ( Psammochloa villosa ) /=MLY 52 A= b A AR ZE 7 5 R AR W), it sh vb B ELAR 96 1) 38 1 M S Vb b A
YIRESR A PE R, 200 AR N S AT VDT T353R SO Vb PG ¥ | L P 3 RSB H 7R {00 G 242 R 0 b 55
BT VS R B 063 i T AR 25 0 g 5, R KU B 4R T B I U B L 4 e
VR XD X SO0 ELAT B W e AR BT, ST U R B ST JE A AE Fh T ORBIR AN R SR Bk v
SRR/ T e e A 1 AR AR S B AR R il 2R REVPRE N AM
FLATEE SR ZREE Y M 32 5 RUR S T VA SCRI ST, (R DG T AN IR R K Ao o VD ) 19 338 7 5 s
FNTENLT BT R RIS S, FE Tt AT S 8 A 3% [ 32 VDM AR R AR B RV 2 eI 6 | e %
ANRIFE K 25T AP MR RE | i it BE T 58 A B AL TAAS SR HOR iR B U HUASE BY 1 kgt Sy 5 25 0T e b R IR A 4
PRNZS [B] 53 AT SR E 9T, B TERIFGE VD HERE A A B R DA 25 (] s R IR FD oM BB o 7 S S (X2 S B b

http ; //www.ecologica.cn



10 3 EEVN I VNG o S i HE S PN I 95 B e 4123

DI HLRL RS Y
1 HR57E

1.1 BT XA

R A v [ 5 5 XS K] o AN TR 8 K DX A 2B AT U 0 L B TR b S5 RTARL A 50A7 5 s e AR G — B30 Ik
VD B MGV MR 7 2 A A R KRR BE S O, e N 5 1 AT DX BTy A E P HEEL NSl IR X BT 3 A2
TAEH 22 2R HON A G P N8 NS AR XU A S hn s 77 B IR BT DXV 3k DGR K B B L Y
ST AR IXHERS IR THE R B AT 6 A b X, JF J AN [R] Re 7K 2% 4 T 10 B ol 8 A1 A 70 Bk A 223 () 43 A 4% sy F 5
(K1), WFIE XS EEHAR AR B AN 1 iR,

105°0'E 110°0'E 115°0'E 120°0'E 125°0'E

50°32'N
50°32'N

46°00"
46°00"

41°28'
41°28'

36°56’
36°56’

32924

® WFTmEH
AR

5 i 0] 300 km

100°0'E 105°0'E 110°0'E 115°0'E 120°0'E 125°0'E

32924

3R 2 A
mmOKH W Ekd Rt OO R O
O 5 O Hfbkn 0t o WliE O hESEREN RN R R

OO Arkd C0 il O kB m oORFEGE O RERERH 03 Gt
B OEAM OO EEEH O WM mE BUA AR OO ORAMKIE R m HARARF

1 ARXUCEE
Fig.1 The location of the study area

1.2 PR 5T

AT 2021 4F 5 H FFJRVDHE F2 2R R IX SRR TR S5 AR SR, 2021 4F 6 AR A KBRS
W B A DO RPN A S VMR I RIS Rl g R R A 5 . o IR E 6 S g SR JH A
S AE RV A FE LN BENLIEE 3 > 4 mx4 m BUFEDT, 2t 18 AME Ty, SEIIF i S BN IS, LARE
JREAS T AT EE S T mx ] m AR AE R N ZE BI04, L B0 AU AR U 16 YRS T V0 A AL B i
SRS R R TSR T RS VDRI A FRAR A A b TR RS B AR A ROR IR . B R —
ANE T i REBURE ISP 5 ME T P AT DF 4% 601, Geit B MR 7 IN TP R 2R FEAR B S B 2R
1.3 WHRITE
1.3.1  fikg st

AbFRFFE DI, A8 2 2 1] 5 A S S, L k(r) R VBCHE R T S A A R RO R Y R

http ; //www.ecologica.cn



4124 £ ¥ 43 %
XA
k(r) = AflE(#(rij <r)) (1)

Arf, A RERE R X rh R B A P F R, ERFRETE— & e & R PSS B 1R, #
AR, | j AR T K A A AR A e,y AR TR S S B R Z AR RS e TR
PR RUEE SRR 7 — 2 0 s RUBE b, SR B AL A 1, DU
E#(r, <)) =\’ (2)
WELBEES, k(r) =7 o TESEFAL TR AR, a0 SR B R e/, 0 k(r) I E L& KT o
o AR
~ A& o 1;(r)
szﬁgzwmw (3)

° n o C n Il' r w,
o, 4 RABBEDIITR, & = Ben 35 20w R BT A B, ¢

SRET PR BT IA HIRVEFE A A 0P, 1,() = 1 (M, < e BEARSE, ry 0 5/ ZIAMOBERS) , W, (r) 1038
SR IE RO, 25 T LA ARG L r, M G RO TS D P I K 5 L K 9 L

x1 MERBEXEER

Table 1 Table of information about the study area

EE7S HEV% Community
\ e K EZ¥aH] S | . N
B R S e FHE G (R
. . Precipitation/  Latitude and . : ) )
Plot Location Altitude/m (mm/a) longitude Landscape Richness Dominant Companion
grude type species species
S H IR X PR 102°24'00"E - . . e
A ;’;;EQ AIPHEA 89 103231 02 Wi 3 VI WK D
P iR X BT A2 105°42'55.44"E N . WK, U E
B e 979 107.8 ’ bR A 6 b o BN
e 22 24 39°40'36.12'N P BS A e
) 100°39'00'E, s X N
C HM A I EL )1 4 1229 117.4 39°13'19.92'N Tie Lk 3 Vi Wk W
P52 3 DX AL Rl 108°39'1.79"E . , vk, W, 1
D . . 1076 186 ’ T 4 b ; ,
SR 40°25'58.44'N LSRN D
TR AR K3k 105°32'7.79'E — . vk, UE, R
E ; 1265 191.1 ’ b3 5 b3 ] ’
IX 30 7K A4 o 37°31'17.04"N DR v 5, E VK
P52 3 X A 2R B 111°12'15.48"E I . Wk, W, R
F = ) T N +._’44A )
e 985 363 40P 1041 87N AEH 5 VhHE 5o

— B T R S SR A AU DL L(r) BRB A T HEDR B 8 1, 7ERE B RUBE » op 2R

L(r) > 0, WSS A | B IR U 25 SR B MR JEE B 30 5 A () = 0, UL MO s R L(r) < 0,
O] 2 149 50 43 A

L(r) =~lk(r)/m -1 (4)
1.3.2 FHAI S

PR 58 A AR (] Ripley's K pREGE T T i PR 1) A2 252 DR Y SR [R] IS AT LA 58 8 i figp
SEEHE MR A S, R T 4B S B R BT VDM Al A B R A 25 8] 0 A1 A% S ) 3 A R, AR IS 4%
T g s [ AU AN SR BAR R 2 DUR LR Y

(1) SEaasfa] EHLA A

SEAZE (A ALY ( CSR) 7 M Jr Hh 2 de i) 5L 5 T A — b, RS B0 42 I A 2 2 ((homogeneous
Poissonprocess ,HP) . fEIATI P b B O HFFEIE IR AP AL — 5 (A H Bl (80 A ) FEAE B — M B B Y
BLEIERIAF A 5 [R5 (AR 5 1) AR LA N7, B P s (8] A S A A AR T, 070 ) 2 [ 23 A1 4% =)

http ; //www.ecologica.cn



10 3 FEH A ARG T YRR AR SRR DA 2 [ A% S5 20 B 4125

H LAHAE R AR (nulltest) G50 CSR B8 K pR3R] - 3CE X,

(2) AR B

TAPA RHARFL(NS) |, AT FR NI BFE S 3103 #2 ( homogeneous Thomas process, TH) |, 42 Xt — Ff R HeHL i 1Y
IR, ZAA BRI D) 58 s [ BEA L R e A= T g — B4 Jo] B D) — 2 B3R 04 7 A AL K i 1Y
FARAMA, Ta] i3 28 -7~ (A A Y 23 8] 7 A A0 DU AR 4825 B8 pR AR, TSR AR A 8 B i iV A O3 A O
AR A3 1) 057 B X R 5 RS i g 0 0 A, I8 4 T ARSI R A A B AR IR B A 72 A
ARG K pRERE T .

k(ro.p) = mr + 1 - exp (p— r’/4 a*)

K, r HRE p FZad BErP BHAR L, o sl A i 5 22

(3) IERCR YR

HRERCR YRR ( Nested double—cluster process, DC) & THAN BT 2P A B YOS R 18
Az H OB T AR 25 A 8 TP SR A A D) % ROR MRS FH P, PRANHE A 225 DR SOk i
ERCRYARI K sREERR AT

(5)

1 - eXp (_ r2/4 0-2 ) l - exp (_ r2/4 a-zsum)
k(raa-l 9pl’0-2’p2) :7Tr2 * P 2 ’ 7Tr2 * p (6>
2 2

H, 7,

MZH r p Al o® M9 IRIARS RBAEA o R fdr 1 ARERSE 118, FIbR 2 fRss 2 R,
1.4 Fllnibre

FUREF /MR A SR ], A GetData Graph Digitizer 2.22 FAFAR U BRI PR AR PR 1R, KE AL B fi 5
A Excel 1%, W Thorsten Wiegand F*) ProgramitaEnero2019 {4 Hh #E47 Fi 8] 23 [a] 4% Jay S HORBR 431, A SC
R AR 1 em, Monte Carlo FEFUBALIAYEL H A 199 ¥R, 153 I F W2 AL 2k Bl AT 95% &5 X [H] .

=0, to,

2 ZHREHSH

2.1 UDHERREE AR AR BE R A E W2 E AR

VO MR EEE A B R N 2 FRAEAE AN TR R K 25 A T R B AN R R34 (3 2) o B /KORE G 78 A2 X3 (R
D E.F) , VDHEEA S AR K R B3 K St i 1 f 85, LA A (FEHE A (B C) WUIR ZR B0 B B
BN BRI SR K A — B
2.2 T oEaas BB ) S R AT

ML 2 ] W, AN [R] 8 K b DX P R = A B ik A AE R ) RUBE b 23 ]SS R RRIEAEAE 22 5, A FEHD
SEHJAEREIK 89 mm/a, FF 3—126 em RUE 52 RAE50 70 5 B FEMAF 4R K & 107.8 mm/a, 7F 9—200 cm R
BE bR A s C REHBE 4R K & 117.4 mm/a, 7E 9—53 cm .59—73 cm .83—129 em RJF b B4 i
D R AERE K B 186 mm/a, £ 6—77 em JNE I 2 R B FEHF I 4E K 191.1 mm/a, 1E 2—
95 em R IR RESM i F FEHLF R FEK i 363 mm/a, 7E 2—96 em RUE 2 RE M,
2.3 TR R AI Sk R o B

M3 AT UL, 6 ANFE LIS (i 125 58 A BEA USRS, X6t 6 ANFE ML EA PR SR B AR 5 4% J5 AT 2 B8 . AD
FEHLAE 0—200 em R FAFAIAMS RIALRL, B FEHLAE 15—19 em RUBE L 0E [a] 00 25 10 P R ELBIHY  #E 0—
14 em5 20—200 em REE_EAFEIAMA R ; C FEHLTE 2—6 om JUEE L IE W) B VA A RBUR Y 7 0—1 em
5 7—200 em RJE FAAEIAMBRYHERL E FEHTE 2—4 om NE FIE e BIAM R BAR A 78 0—1 cm 5 5—
200 cm R FAFA A B, F FEHLZE 9—25 em R FIF [ B IAAS B A 7F 0—8 em 5 26—
200 em B EAFGIAM RIUBIARL (1K 3)

http ; //www.ecologica.cn



4126 xR 43 %

F2 FEIFEKEHIDHEAR & TEMR M E Y FHHAE

Table 2 Biological characteristics of the Psammochloa villosa asexual cluster under different precipitation conditions
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Fig.3 Point pattern analysis of Psammochloa villosa asexual cluster based on poisson cluster process
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Fig.4 Point pattern analysis of Psammochloa villosa asexual cluster based on nested double cluster process
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