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Spatial pattern and competition relationship of Stellera chamaejasme and

Aneurolepidium dasystachys population in degraded alpine grassland
REN Heng, ZHAO Chengzhang”

Engineering Research Center of Wetland resources protection and industrial development in Gansu Province, College of Geography and Environment Science,

Northwest Normal University, Lanzhou 730070, China

Abstract: Human activities are affecting the habitat, which decrease the number of habitats and recede the quality. The
biggest threat to species diversity worldwide is the loss of suitable habitat. Human activities affect species dynamics and
further influence species diversity by changing habitat. Species evolvement at different types of habitat is very complex, so
there is an urgency to understand species responses to human—caused habitat degradation. Spatial pattern and competition
relationship are important in plant ecology as they affected the dynamics of plant populations, communities and ecosystem
processes, which can reveal the dynamic and stability of population and community structure. Stellera chamaejasme and
Aneurolepidium dasystachys are the main species in alpine degraded grassland, have a great significance for understanding
reproductive strategies of grassland plant resources with studies on spatial pattern and competition relationship of S.
chamaejasme and A. dasystachys. In this study for two main aims: First, to describe the scale transformation of population’s
spatial pattern and spatial association along with the different plot; Second, to analyze the competition relationship and
competition intensity of S. chamaejasme and A. dasystachys. Study sites locates in the Ma Changtan grassland in SuNan
country of the north Qilian Mountain (38°47'22.1"—38°52"11" N, 99°45'11.7"—99°57'41.2" E). In early August,
2011, four experimental plots were established by the community characteristics and S. chamaejasme population
characteristics. At the same time, we recorded fine-scale (0—100 cm) spatial pattern and spatial association of S.

chamaejasme and A. dasystachys population from 2 mX2 m grids (2 emX2 em quadrats) in different plot. The point pattern
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analysis and Monte Carlo stochastic simulation method were used to quantitatively analyze spatial pattern and competition
relationship. The results showed that: (1) In the process of natural pasture degeneration, the spatial patterns of S.
chamaejasme were aggregated at 53—58 cm and 63—100 cm scales under no degradation and light degradation conditions,
and subsequently random or regular under moderate degradation and heavy degradation conditions, which meant that the
intraspecific relationship converted mutualism into competition within different plot. (2) The spatial patterns of A.
dasystachys were aggregated within four plots, which meant that intraspecific mutualism was the most important competition
relationship of A. dasystachys in the process of natural pasture degeneration. (3) The spatial association of S. chamaejasme
and A. dasystachys population changed on the different scale and degradation gradient. Under no degradation and light
degradation conditions, the positive correlation was shown at 8—20 c¢m and 66—71 cm scales; under moderate degradation
conditions, there was no significant correlation as a whole and the scale ranges was from 0 cm to 100 ¢cm; under heavy
degradation conditions, negative correlation was shown at 16—28 cm scales. It reflected that the interspecific relationship
converted mutualism into competition. The scale transformations of population’s spatial pattern, as well as the spatial
association, are not only the antecedent conditions affecting changes of competition relationship, but also the critical factors
of population’ s competition intensity. It may reflect the adaptive approach of regeneration and reproduction when S.

chamaejasme and A. dasystachys population face the outside interference.

Key Words: Stellera chamaejasme; Aneurolepidium dasystachys; competition; spatial pattern; spatial association; north

Qilian Mountain

23 (AR Jry 2 A IR AE ) S AL | BIFTEAB R0 1 2 [E)A% S A7 B TR BT i AR A R LA R 5 AR R A AR
HOGFRN S Horh HE R A3 ) 43 A5 2 AR S 0] SCHME 2 28 ) AR SR B ST IS R BN, B AU
L) 1025 18] A s, R IR B TR AR AR LRI BEFERE 7% b AV 55 oz, 1T L AT LA 7s A ) 1R 22 ) A
RAEFAR B 290 5 24 0GR Y | 38 B B0 S F 5 1 b ) 4 B A D DL B A ) 5 PR 056 ) DG R 1 — o o 2
B e RIS P AT IS R S TS A T S0 DA R 0 B 7 A R B A R E (1) 32
ghhZ 1 FEit ORI AR AR TR T, K AR B b ™ F R K A VR D SR B & A R U T R 5
W53 5 B Ak WAL ST R 9 WU A3 TCAR R ) X TR R PR R R 1 5 4 B 7 A S, S BURE )
AR SRR T T AN [ 25 (A Sy % DRGSR R 2 TR A Jm) B e 4 D 2, X THB /R B A 25 R SR Y 3R
AL, 1 5 Bt A 25 R GRS At FAT B

TEARZE L AL BBl /R Z 4t 50 B L AR B ( Stellera chamaejasme ) FIHS &L ( Aneurolepidium dasystachys ) F& Ji A4 #
AR IR T 1 DR RN LA AT RO S BE OB e T, SRR R TR 282 (Stipa krylovii ) BETRE S
SZENPRE R e TR T I R )RR PR BT R URR FIR S B 2 A s, 5 RIS R B ST
Xof T SR A AT A8 IV RE ), R RF RSB AL T F AR AT ZR 28550 JA 1B AL B R 7% 9 DI 3R A ,
A B R e A L SARRZE B 2 A A R R 3B O AR A R A VE Y PR R 3B O R B AR
B AN 1) AR A A SR 5 AR 9 3 A1 4 Jm RGBS AR 28 A S AT T2 B R A % 4 58 4 i
I ARSAE (Y T B AR . LT, 2 AR A AR B R e o A A R AR 55 5 B R R AT R e 2 ] () DG
PO R SRR RE X T S R S R S R e T A TR AT TR A ST, (R R A e
PR RIS B o R 22 RS J ) NORE AR, B A R[] 5 4 5 28 OB LB 1 AN IR 28 0, AR SR e v
A vk 5 25 18] R R A AR 4 S BIFSE 1A 34 L G 3 10t e Jirt e ofi R 5 0 R e B 110 22 () 4 A1 A iy B SR
P, BTEVRY AT S 5 PR3 v 25 (RIS JR) S 5 4 O 2R GG ARRAIE | LA R 3B A e b e 0 ol 7 % A e 1 B
Brigte .
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AR DASTE I RN A 3 PR A R SRR M 25 A T E 2R B IFIR A T S 7T 5L (1900—2450 m) | MY
F i (2450—2800 m ) FIFL ) B i (2800—3800 m ) , A4 LA S AE A AR BEAR DL RREAR Sl 3 9T XA T HON
AR RS 3 B R (38°47/22. 1"—38°52"11" N,99°45'11. 7"—99°57'41.2" E) , #F4K 2610—2632 m , 42k
1—2 °C, =0 CHAEFIR R 2450 C , AHXTJCHE I 80d , AEFE 7K I 270—350 mm , 4F7% & i 1480—1620 mm, A%
TRRE 65% , FIELLIL IR 1 3 JR AR R B JE T AR R A A BT R 2 SR R, R BRI | BTR ZR A
X T B (Artemisia frigida) FHE H N R E (Melica przewalskyi) i B VKL ( Agropyron cristatum) | 7
%3¢ ( Potentilla acaulis) %% .
1.2 HEHIRE ST

FRAE 2001—2010 A7 452 Ll 3k« T A w0 8 38 fh 0 e 40 o Vol R oo A ) UL B AR 512, 7 b 350 4 X —
B HIE PR E T, 455 RO URCE B A U A AR A ) DL MR R R AR
& F B RSB FIARBE AT 1 B | 5 R B AR AR IR L T 4 P A R RS B A A S IR R b, 43R - R
BRI 1) BB (1) PR R (1) A BB FE i (IV ) |, 25 FF ML S0 FTRE Vs R e T DL 3R
1, BERFHARAE 6—11 H AR, HAx i [ 1E 7 A,

F1 HEHEEHERR
Table 1 The chief characteristics of Plots

— MEE S, chamaejasme FEYE Community
et el il e i FE O
Plot Jm Height Subcoverage Density Species Dominant
/cm /% /( kk/m? ) richness species
H R Tk
AR ) 2615 16.89+2.31b  18.20+2.12d 4.3x0.31b 12+1.00 FI% tl%
No degradation( I ) S. krylovii
BEBRMACT) PRI IRZRETSF S, krylovii
2610 21.22+3.73 38.41%6.19¢ 5.3+0.52b 12+1.00
Light degradation( II ) * B £6.19¢ * * MW S. chamaejasme
iR I
AR LI . 2632 24.30+3.56a  52.32%9.23b  9.2x1.17 a 14+2.00 B S. chamaejasme
Moderate degradation( III')
iR
EEBA(V) 2627 24.45+3.20a  65.45+10.27a  10.7%2.00a 16+2.00 WA S. chamaejasme

Heavy degradation( IV)
[ — SR S5 R[] 71 R AL B ) 22 5 B3 P < 0..01

WIAE 2010 4 8 HAE A KA T  FE B B AR L N BEMLIRZ & 3 1 2 mx2 m (AT, JEE 12 4
FEJ7 1 mx1 m AORETTHE (RETTHE PN /ZNAS T B9 TE AN 2 emx2 em) $2 NZE 2047, A1 BT A9 349< v ik
(BEJTRERZ I F IE AU T 150 ) 4 UK, R4 T RE A TR A AR i R B 0 2 (AL R B Sl i A ) sy
FRCSRAEMEET (2 mx2 m) PIIAEYI RIS B Pk s Ao s DR AE 22 T A TS R 3 8 10 SRR
(2 mx2 m) HAEAN AR A5 0 R DA A b T 58 5 R R B, AR AR B RO R BE ) 7R X —
J7(2 mx2 m) 4% B8 BURE ISR MEJICE IR 64 T BR3E & 01 B e S5 REVR I 3 Fh
1.3 HdEntr
1.3.1 St

P TFRIFFE X S5 P 42 (] 0 5 AL B S T ke () RSO S Bl it 28 1 2 [ A Jg A R R 0, o )
ﬁlﬂ:

k(d) =A"'E(#(d; < d))
Ao, A TR ST XN B RS R B, E SRR E— B R N N A SRR IR # RORBL
W0 M B AR R, d, s B RS, d IR R, AR ERR R R T
PEBEL S TR A
E#(d; < d)) = And’
T, k(d) = wd® ;s TERE B R RO INIE LT 25 sl S R R4, k(d) WOIE RS KT wd® . At
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n n ] d
=158 5 "
S, A FRBIEICRITEL A =5 =0 3 % (0 BBy S RO, ¢ ST

EPABAMFEFIERN RS, [(d) =1 (M d, < dWROTL, d 20 3 j ZEEIEE) , W,(d) 2SR IER
R, 25 T LA 0 B LL dy A2 00 [ 9 AR DX P 18 I AR A (B8] 1 LR

A L(d) s A THEAIWAE IR B S A28, BEBSRE d 45 L(d) > 0, WERE
i L(d) =0, REPLMG ;45 L(d) < 0, Y5150 40,

L(d)=Vk(d)/m - d

FIFH Monte Carlo 733K fif 23 [8] 434 i) 1 fu b 2% ,%H%X‘T%iﬁﬂ?{ﬁ?ﬁﬁi?@@éf Y DX B P I G R
BIRE T s N BEAL AR 3 W SEPREVEAE AL 2 2 b, W)k R4 5 AN SR S PR E VA 7E TR Z T,
W R 34559 5341
1.3.2  ZS[A CHE AT

AR BRI B 22 [0 (1) 25 [B) SCIBEAE 43 B 7] 2238 38 1Sk R AT . 458 — DI BE k(d) E k11(d) 4%
BT S  k22(d) o TDFEEMATERR RS (RE)  WINECE N k12(d) o SCRITHE 25 B kg
SRR S RMENER k12(d) TTLUH R RAE T

2 I.(d
2= A3y A @)

A, ny Ay SRR TR 2 B9 MBI A L1 (d) R W (d) 25 SCR (1) 20, AR S 0 A 7 AR
HE 1A 2 A R

L12(d) = Jk12(d) /7 - d

W, L12(d) = 0 RAMADFPRERAE d REETCRHCNE, L12(d) > 0 MIERHER, L12(d) < 0 A TOCHk,

FIFH Monte Carlo K348l AL 26, K B0 PP 25 ] SCHR 0 S 35 1 . A SEBR A VE 7E L T Al 2 1 X R] Py, D)
PO B RUEE T s [ R AN B 3 4 T DAl 4 2 1 Wk (8 38 1 G K A VR TRl 4k 2, 0k &
FANHR, AP R KN 2 em, Monte Carlo BEHLELEL A% H S~ 20 ¥k, 158 b F P 55 35 26 Bl A Y
95% EAF X IH]
1.3.3  FhRESTb S 15

T H PR A b % R R TE A PR R 2 BE T AL AL DSE LAY AR SCS T FE T SN SR B (Leymus
chinensis ) FiEEE S BE 1 BURITRR R 40000 285 3 ) 313000 12 R B A R (2 emx2 em) AT FAREAR DA 14 1l I
B B, PR Z R 1A B TR 25 B, UB o P 2 B B A R/ o 4 JBORE 1B PR ok 2 A e 2 B 1 R
T DX IR Ry TR S BN 5T TR PN RO A AR BSOPR Ry AR S b % BRIV € b = BURE T AR - A
BE SR P02 B = R R AR E5 F b T R
2 ZER551
2.1 JREE AR AR S BT

TREE AR AR IE LA IR AL R P AFAE 25 57 (3R 2) o R FEHD b AR W) AR R AU 25 32 247 B 2 1Y
£5(F=18.77,P<0.01;F=13.43,P<0.01) , FiZ5 5 HbiB 1k, b |- A= 9y o8 0 R 40 288° o 435 252 186 o 5 3t 2 o
ER R b AR Wi AT % e L 22 5+ (F=15.87,P<0.01;F=10.02,P<0.01;F=18.97 ,P<0.01) ,
Wit IR AL, i B R S0 1 2 I T ST RAAIR , b A= s S KR N
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F2 FEBAKEEIRS B EMBHE

Table 2 Ppulation characteristics of Stellera chamaejasme and Aneurolepidium dasystachys in different degradation gradient type

TREFE Stellera chamaejasme H 5 Aneurolepidium dasystachys
B AR TR AT 1t 2% [ Hb b A Tl e 00 25
Plot Aboveground biomass  Territory density Height Aboveground biomass  Territory density
/(g/m?) /(B/m?) /cm /(g/m’) /(BR/m”)
KB4k ( T )No degradation( 1) 16.43+2.01¢ 11.67+1.54° 67.11=11.19° 10.13+1. 08¢ 833.33+79.95°
BRI ( 1) Light degradation( 1) 45.42+8.43¢ 12.00+1.22°¢ 66.42+12. 41" 18.51+2.65° 701.42£70.35"
FEER Ak (1) Moderate degradation( 1) 61.69+10. 17" 17.65+2.03" 50.76+7.30" 15.25+2. 14" 515.14+42.88¢
HEEIRIE (V) Heavy degradation( IV) 67.02+10.20° 41.67+5.13° 30.95+4.26° 11.43+1.98° 253.78+32.27¢

[F)—F 5 J5 AN F] S 3 Ab 3 8] 22 57 8.3 P < 0..01

2.2 RBEFIEENAS A5 A G SR

B 1B ORRER AR v IR SR AR R (R RUBE 23 (R SUAS SRR IEAF A B i 25 57 RIB LR 53—
58 em JUE B RE R R AL S | RS J RO 45 63—100 em; HP IR AL B P | 7F 46—350 cm
1 64—85 em B T IBLE A 7E 22—41 em RJE FEHE0 M0, REFEFEER AR5
B ER (P<0.01),

----- WA L% — L@
S ki [ R [ R
10 F o -
) -5
-10
-15

0 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100
R J¥ Scale/cm
E1 REMBHNRBEIN

Fig.1 Point pattern analysis of Stellera chamaejasme population

2.3 FRERREE A A A S R

SRR 23 (A0 SR LA SR AR 0 A FUBEHL 3 A R 32, HREE /3 i A& SR AEAS [RIR A B b LA B b %) RUBE e 48
BN (L 2) o ABAE R AP EEE 10—51 em U bR RAE AR BRI B | RAEAK SR e i
4 4—9 em Fl 37—100 cm; LR LB HI 8—36 om U L F B A 01 ; B AR S rp | SR AEAK SR X
TE18—34 em N LA, SRR s g gt L2l i 209 (P<0.01) .
2.4 RSN AS [ O

AR R AR v AR 755 00 e 11 4 [ SR Bt 2 () IR A8 A R B0 AN [ () SR RS A (18] 3) | AR B AR
TR 2 8] SCHR PR AR AL 2 rp BE IR AR R rh | DATEAHSCARIANAE G 3 AR A R A E 8—20 em RUEE [ 30
TEARDG, 32 B IR AL B P UAE 66—71 em HIIEARDCOCI M | Hh BE IR AL L ZE 0—100 em RUEE 3R 1R SCHK
PEAR 3% T BB AL BT o LA A DGR AR DG L 7F 16—28 om N [ R I 3 A0 G . IR 3 5B 2s
[B] B A T e B 2 (P<0.01)
3 Zit5iTie

THLRE N R A Y REVE T R JR R AR A 3 2 3 A I O R S s ) 5 i R, i LA e o
HRE T BRI ] T 53 TE AR A A ) B AT B U s (RIS A3, ] T AR P R A TR A% SRy S B 4 G R AN
SEELT o AR G U R M 2 A [ AR B 5 AR ZR T SRR s ) SR 9 b — B, FEAR [ S TR X H A
B SR AL R T B AR S R AR T AR R AR BT R ZE AT SRR A BE TR R R E W B TR 4
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Fig.2 Point pattern analysis of Aneurolepidium dasystachys population
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Fig.3 Spatial association analysis of Stellera chamaejasme and Aneurolepidium dasystachys population

GRS (8], ARTG S G SR R A s R AR SRR AR, —T5 -5 R 28 S SR R R s TR, 5 — 7
TAT , 5 AR LR SE BN R AR TR A S , A TR 32 4 OC AR AR RE I BRI L S A AR A, 25 T Joy A 2R R
BERH

FRE SIS S S AR RN A A 1 2 A X PRI 2 A I R (i 28 2R 252l TR 5 PR 05 2 i A7
TEFE AN )T (A B A EL M), AL R 1 4 A s Sy S5 2 B G O 9 PR 58 1 AR AT i A A2 iR Ak
R BT R AR R S R R A B TSR S 3 DR A A O LAk S AR R, X v
TR 5T AR AT, Ry 1 AR 18] 5 4 R 25 7 10 38, AULAT 55 S AH B e P8 I AT MR 5 4 B 100 AT AR
MHREAE 53—58 om LRI, RGBT b 5378 0 BRI RIS IR T B /R 41 28 WE R R
PLIAE R, i id 5 IR 0 9kl B s 358, OF HAE MR AR B G R S I 4 AU L 3 ir | Rh A AL A
Y KGR, 51 e A RUBE X H] 5% 48 8 63—100 em, AR BRI EEHL LA W AR fE N 16,43 ¢/m® HER &
45.42 g/m’ AT T RIS TS 0 B U A0 TR A DR DL o v B SR A e SR AR RUBEE— AP 4 oy 46—50
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