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Spatial distribution and spatial association of Potentilla fruticosa populations on different slope
aspects in subalpine meadow. LIU Min-xia® ( College of Geography and Environmental Scien-
es, Northwest Normal University, Lanzhou 730070, China).

Abstract; The adaptation strategies of plant populations under different disturbance conditions
could be reflected by the distribution pattern and correlation. Potentilla fruticosa is the dominant
species in alpine meadow community in south of Gansu Province, China. Based on the field investi-
gation, P. fruticosa population spatial distribution pattern and its correlation were studied by using
Ripley K function of spatial point pattern analysis. The results showed that the distribution of P. fru-
ticosa population had significant differences on different aspects, and its species richness, diversity
index and coverage showed a decreasing trend from north to south slope. The class I and II indi-
viduals of P. fruticosa population significantly aggregated at small scale in north and west slopes,
and P. fruticosa clump intensity was gradually weakened with the increase of age and space scale,
and finally tended to a random distribution. On south slope, the distribution patterns of all levels of
P. fruticosa individuals were dominated by random distribution due to the inhibition of the habitat
conditions and interspecific competition. On different slope aspects, P. fruticosa populations be-
tween class | and Il individuals showed a negative correlation at certain scale, but the correlation
degree decreased with increasing scale. The relationship between the class Il and IV individuals
and the class I and Il individuals had negative correlation significantly. There was no significant
relationship among the large individuals, indicating that the individuals with similar age was spatial-

ly independent, which was conducive to the full use of environmental resources.

Key words: subalpine meadow; slope aspect; Potentilla fruticosa; spatial pattern; spatial correla-

tion.
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Table 1  Biological characteristics of Potentilla fruticosa
populations on different slope aspects

e FEE il 3 Y ]
Slope Importance Coverage Biomass Height
aspect value (%) (g) (em)
Jesk 0.63:0.08a  76.6+2.0a  113.57x1.03a  64.26+0.09a
North slope

[ip3 0.35+£1.02b  50.0£2.2b  95.62x1.52b  43.84+0.21b
West slope

Yk 0.17+0.45¢ 20.4+2.3¢ 52.41£1.23¢  18.44+0.12¢
South slope

x2 AR EEFEGTHERR/NAM
Table 2 Composition of Potentilla fruticosa population size
on different slope aspects

B m 1 2% Class

Slope aspect 1 I n I\%
JE3E North slope 188 132 32 26
TEHE West slope 74 69 48 32
FY¥ South slope 65 58 56 33
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Fig.2 Individual spatial distribution of Potentilla fruticosa populations.
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Fig.3 Point pattern analysis for Potentilla fruticosa populations on different slope aspects.



6 3] R SE R . gy ) S [ 94 ) < 0 R ) 2 1) 0 A1 A% Jmg B 2 1) SR 1821

4. I-I0 . I-N I-m 4. I-IV 4. I-N
_ , e
2 . 2 2r 2L 1y
_ -~ ~--- L Pk
0 0
- \
-2 N 2} TN~
Y gl gl
2 3r . 4y
_ 2t 7T S
- 0 1 2/\&
g _ 0k 0¥
3 —— 1R\ \
-2 ) 2+ > -\ \\—~ /—\\
_ SN gl .
_3.
gl e e e
2rs 4 4r 4
1-/\\‘_"// . .
/ 2F A e
0 // -
B 0
A N
\\ . | Se-ma .
ol T =2

-3 -4 -4
012345 012345 012345

-
0123435

-6 -4
012345 012345

R B Scale (m)

4 N[ 17 < R AR AR 1) 2 i) SR

Fig.4 Spatial association between Potentilla fruticosa populations on different slope aspects.

R TBHHENTE 0~1.5 m R RN B ER N
KHE,1.5~5 m RUEPNHTEREE; 1 57 0~1.6
m N NI REE, 1.6~5 m M RE. Hd 15
IV M5V 5V 24 FARE A et 5 b —
H(E4) BIRTT 25904 B A 2 8] 9 G e
TEASASE ] KRB, ACH A3/ NREE ER B
2250k | 2 I 4 REARE R0 B X 0 1) fel i T A Ak e B
M 7 5% s

3 i

XI5 A 20 X IV o FE ) OB P R A
T N B AR AL B A LS D RERE , B Y
DLHTHBRERE 2 2 LR B N &, HAUSAE I I% 5
JERNEE R T RS A I A B, B B Al R AE 3 1
Wera oA BAT 35 22 5 e AL i e 22, Pkt
JO7 B B EAELIR 0.63 , T e 3 o0 A AR X /b | Bt 39 o)
BEIE R ARAL , L BE AR R A S S B A b
I R R (R 1), 5 B a2 R A
TR SEMAN A AR A G AR R
A BN ARIELR R AL 7RI BR R AR 2 /Y
R, HRIPRCR 28 A0t K, PR 52 5 ik 3
SR TEDRIR FHERSS, B IEOE, 28 At
HE LRI Ve AR T 4 e A O 2R A R
ACEHL HH AR A R X AR5 S R P ) W 7 S

TR 25 18] 7341 46 J i AR W) 2 e e 5 P 1
L[RIVE R 5 2R | ) I 52 bR A T8 B B AR A=
KBS U AR TIMA TR R
M AR A Jr 194 722 1 3 R HES e A 3 10 BT B 5 ) A A
SR B X B, A1) T G B A A8 A5 IO I G AR
P2 AR A A W P R Z I A 5 6 R 2
AHEA A CTER ) 1Y, BEL AT S 1 R 3 = 1]
T AR ZR , 249750 53 A W) 150 A R PN ¥ ] 9 2
BRFNAEHEF (furm) 2 58 i 5 4 et R
235 1) 3 A A% Jg AN [ 35 1] ) i 7, i — 2B 48 7R 1 4@
§F AR Xof S B A 5 1) i 12 ML ). 38 1) 2 X6F ST b AR
BEG IR - 3K o3 S 37537 A 5 T 52 Wl A )
A ST S e Pl IR 3 A 4 SR ) AR BIRSE R L, AL
el b T 20 4 5 A E D\ B 0y BH (5 1 SR B 70 A
BEE IR R IGHC AR A LR T kR | IR AR SR
BT REAR AR/ NRUEE NSRBI SR AL I3, Bl 5 (1)
FRUBERSE I, A% Jay T2 LABE AL 3 A5 oy 32 G AR i
BRIV G, 25 /N R B B 2 Jm SFE78 y BEAIL
A3 (P 3) . 2% TR 4520 S T R ARRE 3 v g S A
FREWT IR 2R S b e g 0 4% Jmy 32 2 3R
B3 AT  BERE AR IR B IS | AR AR DU SR LD ] d ) B
BLo» A 22 45 BF 98 T M5 7 40 52 ( Taus
mairei ) FREE 0 A4 Jry , RIREAS H Bl 5 20 G 2K
GRS I, 3 A7 R Jey i 2R 43 A 3 ks T REAIL



1822 N A

& % W 28 &

[A

A AR A A R B R A AT R S 4 R
MR AL W2 R A G A SR B A /DR
JEE PN SRS A A R T L8 s AR ON; , FT H B
Iy PR TR A% 1 win i 8] 55 4 7, A kAR 0 AE R AR
280 I B AR A U AR RIF ST AR L b X AS [R]85 1) 4 8
M ARRE ) 23 (A1 Jey ok B v & B3, b33 1) b K 9% U
Fe e RIS 4 AR R TE 40 141 AR K 7 R HR A Fef
()54, I S Esh AR AL A S5 b 4 e | itF—
ACYLIE LR HA, H Bifi 75 4 58 A A (AR AF iy S P
B RE RGN, R T ARAS TR IR WA P K R R S g
W2 St 12 A R HE R St s AP N 5
G H G VUL T3 5 m S i P B, 4
R MRE N A AR (K 2) , HFh 2 et
FhTe]HE R AR R ], BRI, 1 904 8 Ml A SR 30 4 BH
W ATBENL T, B AE RS 3G O IR B —
(e WAL BE S HE AL A B HER | BT IR SR
TERE I R, AR AR BE A K, I 9 4 R A HE A TE
0.9~5 m]UE AR Ry A A (B 2 H A KB —
FE BB, XTI REUR M SR B AR RGN, BT
LAY s S i = 22y o S R el ve” SRS T || BN
G EEME LA BEAIL 23 A5 ok 3. Fg B R K 9
FOGRESR AT @A, FE A%
¥ ( Kobresia humilis ) 5. 4 2 MEFEE A /D i 40 A0
FEET VU 3 M AL A 1 BE LY L. Janzen-Con-
nell B Ay, Bl 77705 25 5 BB 19 245 ) B g
TAHIE, P T FE T2 F B A7 Fh e 2 3 I I B 52 T
FH AT R 3 ] | G BRI B 1A T, BB
1) I S o [v) 5o 4 ol 4 i A A A ) A 1 e R A
B o AR B, AR AR R) PR B A, AR K TE P S A
P, TR 58 RUBE N 45l R 2 S R AL o0 A 20>
] DGR HR S b IF OGO T — M Rhowt o) —
Yyh = AR sl Py A R AL T S5 A v X IR AR
Ay A RRARL AR 3 N B s IV T 77 A 5 7 S IR U2 p
TP RNALE B2 U8 A0 AR I B AR 58 4 a8 35 X T IR
RIZEREGEAER T A ke 5 X i o2
( Picea asperata ) AN[R) W& AR CERIF IR, =42
FiE T I AMARTE S (8] 53 A b A7 A0 B 1Y
HERRR AR WoR, S BWFRE T | 1A EAE
— 8 RUBE N RIS BOCHK , FAE (4 4l /N ATE B )
A R R 43 K 2 )9 IR ) 7 oK — B, FE R IR M AR
FEAS A E D SR AETE TGN 5 4 Bl N =5
[ 3 I, & EE AR 1 | I 90 22 T) DG 106 ik
AN AR TORER X 5 T VAR Z 8]k T Bk
LN, PRI T A 08 R 3 1) A 23 [ 43 A

R RFE AR TS, DT ) T O P58 B R 4 58 23
FALIL VAR S T AR 8] 125 18] SCI A
IO, MBI LE RIS 4/ A
THNHIVERD, X 5 L& X8 7 40 GASFREAS IR
B RAS (] GBI Y 25 R — B B EE P e — 2
AIGEIRER A R (I IV 2 X 357 73 S0kt
AR FR LTS D BUR A A /NS (10140 2,
L N ERSE AN X T4/ MR S ABA —E
65 (ORI ST (11 ) AN % <P 4

Zi LTI | AN [) i 25 <5 e AR DA ) 23 1) A A
Jey B 25 [vt) S Xob 39 1) s JSE A WA S 4 o 7, 3 B <
e R A PRI ) LA, Feo A A% SR 2 A EL R
R ATFTE R, < BRI AR £ 2 18] 20 A K S S 28 ] 5%
R AL 5 AR By 09 A W 2 R AT 5%, TT ELARL A2 ol
PR B T A E AR P 0 A 85 S T 52 ) H e e XA
X, B — 2 O OB A R T
G SR AR (14 20 A1 A Jm S 1Y DT B 4 b IR < R
MR REAYLE B DR EA MR R E , DI SE
O RAEAE IR EAREF Bl AT 1 B AR 3R Y

% 0k

[1] Dale MRT. Spatial pattern analysis in plant ecology.
Ecology, 1999, 88. 366-370

[2] Druckenbrod DL, Shugart HH, Davies I. Spatial pattern
and process in forest stands within the Virginia pied-
mont. Journal of Vegetation Science, 2005, 16: 37-48

[3] BaiC (1 M), Yan M (F #), Bi R-C (¥
J8%) , et al. Spatial pattern analysis of dominant species
in Exochorda giraldii community in Xingtang Temple of
Taiyue Mountains, Shanxi, China. Chinese Journal of
Plant Ecology (Ti¥)'EZ4)) , 2014, 38(12) : 1283
1295 (iin Chinese)

[4] LiuY-H (X¥E%), Gao H (5 %), Zhang L-H
(5KWNZL) , et al. Comparative analysis of inter-specific
association within the Stipa grandis—S. krylovit community
in typical steppe of Inner Mongolia, China. Chinese Jour-
nal of Plant Ecology (FA¥)A:75244), 2010, 34(9) .
1016-1024 (in Chinese)

[5] Li M-H (Z=H#%), He F-H (fifX4E), Liu Y (X
25 ), et al. Analysis methods of stand spatial distribution
pattern. Ecologic Science (EZ5FF2), 2003, 22(1) .
77-81 (iin Chinese)

[6] Haase P. Spatial pattern analysis in ecology based on Ri-
pley’ s K-function: Introduction and methods of edge
correction. Journal of Vegetation Science, 1995, 6. 575—
582

[7] Andersen M. Spatial analysis of two-species interactions.
Oecologia, 1992, 91, 134-140

[8] LiangS (¥ ), Xa H (I #), Lin J-Y (HFE
18), et al. Spatial distribution pattern of the dominant
species Gironniera subaequalis in tropical montane rain-
forest of Jianfengling, Hainan Island, China. Chinese
Journal of Plant Ecology (FH¥1:45244), 2015, 38
(12): 1273-1282 (in Chinese)

[9] Wang X-Y (EBEN), YuD-P (FRI), Zhou L (JA



6 19 R ;Y. ey ) A [ 394 1) 4 ek Al R F4) 25 ) 53 A1 4 Sy B 2 [ S I 1823
F), et al. Spatial patterns of a treeline Betula ermanii bandry and Feed Science ( & 51K El24), 2016,
Cham population on the north slope of Changbai Moun- 37(6) : 49-52 (in Chinese)
tain. Acta Ecologica Sinica (4= 2%2#42), 2015, 35 [22] Sternberg M, Shoshany M. Influence of slope aspect on
(1): 116-124 (in Chinese) Mediterranean woody formations: Comparison of a semi-
[10] Xie C-Q (f#f5%7), Tian M-X (HRE), Zhao Z-R arid and an arid site in Israel. Ecological Research,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(X EH) , et al. Spatial point pattern analysis of Abies
georget var. Smith forest of Sygera Mountains in south-
east Tibet, China. Chinese Journal of Applied Ecology
(BEHAZS24) | 2015, 26(6) : 1617-1624 (in Chi-
nese )

Wang L (£ %), Sun Q-W (#JF R ), Hao C-Y
(HBHAIZ ) , et al. Point pattern analysis of different age-
class Taxus chinensis var. mairei individuals in moun-
tainous area of southern Anhui Province. Chinese Journal
of Applied Ecology (N FAEA2#42), 2010, 21(2);
272-278 (iin Chinese)

Li H-Q (Z4%5), Song C-G (K MW|), Zhang F-W
(5K3%46) , et al. Comparison on fixed carbon amount of
shrub and herb of Potentilla fruticosa shrub meadow in
alpine region of Qinghai Province. Journal of Plant Re-
sources and Environment (FH ¥ %W 5 EE =),
2014, 23(3): 1-7 (in Chinese)

Liu J-Q (XIEER) | Sun J-Z (FMEILL). Change of spa-
tial pattern of Potentilla fruticosa population along altitu-
dinal gradient in Dongdahe forest area of Qilian
Mountains Nature Reserve. Pratacultural Science ( FLV
B, 2012, 29(5) : 804-808 (in Chinese)

Liu M-X (X% 5), Ma J-Z (S %E4). Study on pro-
line accumulation patterns of six plant species under ad-
versity stress. Pratacultural Science (O F}) |
2010, 27(4) : 134-138 (in Chinese)

Liu M-X (XI582), Ma J-Z (S#4H). Physio-ecolo-
gical response of plants to environmental stresses in sub-
alpine meadow in Gannan. System Sciences and Compre-
hensive Studies in Agriculture (R RG R 5250
5%), 2010, 26(3): 288-292 (in Chinese)

Ripley BD. Modelling spatial patterns. Journal of the
Royal Statistical Society Series B Statistical Methodolo-
gy, 1977, 172-212

Gray L, He F. Spatial point-pattern analysis for detec-
ting density-dependent competition in a boreal chronose-
quence of Alberta. Forest Ecology and Management,
2009, 259 98-106

Gao F-Y (F#Ef&7T), Zhao C-Z (XA ), Zhuo M-L
(H52%) | et al. Spatial distribution and spatial associa-
tion of Stellera chamaejasme population in the different
altitude in degraded alpine grassland. Acta Ecologica
Sinica ("2 , 2014, 34(3) : 605-612 (in Chi-
nese )

Manly BFJ. Randomization and Monte Carlo Methods in
Biology. New York: Chapman & Hall, 1991

Liu M-X (X%#), Ma J-Z (&), Responses of
plant functional traits and soil factors to slope aspect in
alpine meadow of South Gansu, Northwest China. Chi-
nese Journal of Applied Ecology (N JH 474522 4),
2012, 12(3) : 3295-3300 (in Chinese)

Ma X-H ( HER4E) | Fang J-F (J74:4%) . Spatial distri-
bution patterns of Potentilla fruticosa population on dif-
ferent aspects of slope in alpine grassland. Animal Hus-

(23]

(24]

[25]

[26]

(27]

(28]

(29]

[30]

[31]

2001, 16: 335-345

Yang J-L (% FE ), Wang H (£ #), Wang B (£
M), et al. Spatial distribution pattern and interspecific
association of main tree species in Pinus tabuliformis fore-
st in Ziwuling Mountains. Acta Botanica Boreali-Occi-
dentalia Sinca (VHAUAEYIEH) , 2007, 27(4) : 791-
796 (in Chinese)

Ma X-L ( /Nl ), Zhao C-Z (#A A F ), Zhang Q
(5% PH), et al. Spatial pattern and spatial association
of Melica przewalskyi and Artemisia frigida in degraded
grassland. Chinese Journal of Ecology (H:7524%),
2013, 32(2) : 299-304 (in Chinese)

Liu Z-X (X¥E*%), Ren G-X ({£)7"#), Kang B (i
VK), et al. Study on secondary forest community species
diversity of different slope in Xinjia Mountain. Research
on Soil and Water Conservation (7K + {0 5%)
2011, 18(4): 197-202 (in Chinese)

Lan G-Y (22 ), Hu Y-H (#EK1E), Cao M (T
#0) , et al. Establishment of Xishuangbanna tropical fore-
st dynamics plot: Species compositions and spatial dis-
tribution patterns. Chinese Journal of Plant Ecology (H
YA Zs2A4R) , 2008, 32(2) : 287-298 (in Chinese)
LiW (% f), Wang R-X (), Zhang G-F
(5KJ6E ), et al. Point pattern analysis of ex-situ popu-
lation of Taxus wallichiana var. mairei. Chinese Journal
of Ecology (/EFZ4%E), 2014, 33(1): 16-22 (in
Chinese)

Han L (¥ %), Wang H-Z ( EifFE), Peng J (¥
&), et al. Spatial distribution patterns and dynamics of
major population in Populus euphratica forest in upper
reaches of Tarim River. Acta Botanica Boreali-Occidenta-
lia Sinca (PHILRIYIZE4R) , 2007, 27(8) : 16681673
(in Chinese)

Connell JH. On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain
forest trees// Dynamics of Populations, 1971, 298-312
Zhang H (5K %), Huang Q (38 3%), Zhao C-Y
(iBXFLIHE) | et al. Spatial pattern analysis of individuals
in different age-classes of Picea crassifolia. Chinese Jour-
nal of Ecology (*E&%%K), 2016, 35(5): 1182-
1187 (iin Chinese)

Wang L (£ %), Sun Q-W (#hJF ), Hao C-Y
(HBHAIZ ) , et al. Point pattern analysis of different age-
class Taxus chinensis var. mairei individuals in moun-
tainous area of southern Anhui Province. Chinese Journal
of Applied Ecology (W JHIAEZ52%4k), 2010, 21(2):
272-278 (iin Chinese)

EE T

XRE, Lo, 1972 44, W, #ur. EENH

A 2R 58 A 5545, E-mail ;. xiaminl@ 163.com
FERE N A

XS e S ) N ) 3 ] 4 AR AR 1) 25 [R) 0 AT A JRy S 28 (1 OC k. A4t , 2017, 28(6) : 1817-1823

Liu M-X. Spatial distribution and spatial association of Potentilla fruticosa populations on different slope aspects in subalpine meadow.

Chinese Journal of Applied Ecology, 2017, 28(6) ; 1817-1823 (in Chinese)



