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Spatial pattern of sexual plants and vegetative plants of Stipa krylovii population

in alpine degraded grassland
REN Heng, ZHAO Chengzhang* , GAO Fuyuan, SHI Fuxi, ZHANG Qian

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; Spatial pattern is important in plant ecology as it affected the dynamics of plant populations, communities and
ecosystem processes, which can reveal the dynamic and stability of population and community structure. Stipa krylovii, the
zonal vegetation in alpine degraded grassland, has a great significance for understanding reproductive strategies of grassland
resources with studies on spatial pattern of sexual plants and vegetative plants of S. krylovii population. In this study for two
main aims; First, to describe the scale transformation of spatial pattern along with the different plot; Second, to analyze the
effect of aboveground biomass and plant height on the spatial pattern. 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, we recorded aboveground biomass, plant height and fine-scale (0—100 c¢m) spatial pattern of sexual plants
and vegetative plants of S. krylovii population from 2 mX2 m grids (2 emX2 em quadrats) in four plots under four kinds of
degradation gradients: no degradation, light degradation, moderate degradation and heavy degradation. The measured value

and the value of upper and lower envelopes were calculated by the Visual Fortran 6.5 based on the coordinate getting by
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GetData Graph Digitizer 2. 22, the point pattern analysis and Monte Carlo stochastic simulation method were used to
quantitatively analyze spatial pattern, the excel software was used to construction, the number of Monte Carlo stochastic
simulation was 20 times with the step of 2 em. The results showed that; (1) Under no degradation conditions, the spatial
pattern of sexual plants and vegetative plants were aggregated at different scale, the sexual plants were aggregated at 94—
100 cm scales, the vegetative plants were aggregated at 22—46 cm scales. (2) In the process of natural pasture
degeneration, along with the aboveground biomass and plant height changed, the reduplication of aggregated between sexual
plants and vegetative plants developed, the scale changed form 18—19 cm and 54—68 cm to 45—78 c¢m. (3) Along with
the aboveground biomass and plant height of the sexual plants developed, the aggregated was the important pattern type, the
aggregated scale changed form 11—19 ¢m and 54—82 c¢m t0 25—92 cm. (4) Along with reduction of aboveground biomass
and plant height of the vegetative plants, the aggregated and regular were the important pattern types, the aggregated scale
changed form 18—68 c¢m to 45—78 cm, as well as the regular scale changed form 0—9 ¢m to 0—19 ¢m. To sum up, the
spatial pattern of sexual plants and vegetative plants of S. krylovii population were changed on the different scale and
degradation gradient. The changes of aboveground biomass, as well as the plant height, are not only the antecedent
conditions affecting scale transformation of spatial pattern, but also the critical factors of population’s status and function
change. It may reflect the adaptive approach of regeneration and reproduction when S. krylovii population in the face of the

outside interference.

Key Words: Siipa krylovii; plants; spatial pattern; aboveground biomass; plant height; Qilian Mountain

T 2 A% Jr 2 4 AR AR 1 223 ) 2 A1 X B E B R A5, RE 8 A 280 48 s P R A T 7 o 1 b 5 N4
RN R R EE R 2 RIS SR AR OUR RS [ B A SR AR R R) 56 RGN R A 1R R4 3R i HAk S5 R
V5 GE IR C B RN A FH R R RR DL VIAR G, 7 A A5 2 vp — BRI ST #OR Y  AR B bR ARl AR B R A
B T ek SRR A PE R O E B AR RS A B A T R i R T L ok e 2 T AR O
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FE 23 18] 3 A1 i Jmy 7 RS2 DRIt DR fe R AR 40 k43 G 1) ) BE AT 9 A4 5 Al 2R PR A 25 Tl A% Sy, T A4S
FN AN TE S o AR B v B R G Y B S ORI AR 0T R b AR A Y 3 MR SR, 1R 2 Y TR AR
Wy B A RS R 10 R A A B A TR AR RS TR SR 0 2 TR RUBE RGN R R RR R T R A )
FEE AN (R TG S T, 3 TRk AR 4t 20 OS2 ) Al R0 e 26 2 5 S A R R A 25 )% =)
FY R JBE AN FREL A AL IR i AN B, S50, AR SCRI TRV ) vk 5 A% e BTk AR 4 5 B9 1 AR Ll b 3k
1o FEIR AL b L S R AT R 2R S (Stipa krylovii ) PR AR 58 55 AR A SR A 25 [ 40 A A% ), B AE A9
A3 TE TR 5 0 £ B D CUURE 0 2 (B S 18 RO BE S0 RRAIE | DA KGR T B R 0 P oy o SO 80T I8 ) 88 5 T Y
T N IR AR
1 HRFE
1.1 BT XA

FRAN % LL b3 b A o] 7 S TR 5 e v D ) e YR, R R P A R L b e B AR 2R AR I 55
B DAFE VSRR S5 ok 32 FE 4R (0 M bR A A5 T B R B IFIE AL T 4 R0, 430 Ay L b 5 185 e
Z5(1900—2450 m) | AL EL 725 (2450—2800 m) | 111 Hh B ) B J5E 28 (2800—3000 m ) il 1L HlL %L 4] 25 (3000—
3800 m) , FEHY LA A RN AR R DL SR Ry 2 IFSE DXL T H N 44 i e s TG A YR B b B (38°47
22.1"—38°52'11" N,99°45'11.7"—99°57'41.2" E) , 4k 2610—2632 m, 4FE#4i 1—2 °C, =0 CHYERE N
2450 C , MXTICFE W 80d , AEFE /K £ 270—350 mm , 475 & i 1480—1620 mm, AHXNRE 65% , H LA 1L Hb TS
T E, AR T IR R S st SE A BT R 28 A P AL, ERARY A L BT R B8 E P R (Artemisia
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frigida ) JR7E ( Stellera chamaejasme) [ H iy R ( Melica przewalskyi) | i BEVK &L (Agropyron cristatum) | F2 TR B
¢ (Potentilla acaulis) 55 . FI/RZEET AR AT RIRFE A 85258 e A7 AR I0 R B8, HAVERIH KO0 T
FERE R S5 AL R AR MRS E M B AT A AR F T ARG T LA SRR & B A BICBOR I 36 BB 2
AT S0 AF I AR R R (B SRR AR P i PR 4, MR 1) 2 B R i ) R, SR A A R R
Sy PR FAT 14 b T 2 TR A A IR B 5 T 2 B A I 3R ) R RV
1.2 FRi &SR

AR R B 45 2001—2011 AERF A LU Jbk < 7 24 70 3R A 2o i F v Vo B ek R A RS 58 1) T b3
AERT 3 HOTE - 22 () 436 B 37 456 M OO SHORN B b A 7 2 8 A AR B R I AR SR iR E s
AR SRR BT /R B8 5 20 T340 B b A ) R B AR AR I T 4 A TR ) PR B b A Ay SR A 43
R ARBRAEE (1) SRR () P AR A st (1) A BEaR AL Rl (V) | 25 FF s R 0 FR R 7% 45
fEFEILER 1,

R S EAHEIE AR

Table 1 The chief characteristics of Plots

FIIRZR4ET S S, krylovii FEYE Community
%13 o AR = . .
FEH Plot Altitude P=3% Aboveground & E + EE.E ﬁ[ﬁ;‘;“ﬁ
. . Density Species Dominant
/m Height/cm biomass ) ] )
2 /(bunch/m*) richness species
/(g/m*)
FIB 1L No degradation( T ) 2615 11.41+3.33  64.96+10.57  142+28.56 12+1.00 B[R ZR41 S5 S, krylovii
R WIRZEELSE S, krylovii
IPERAL, Light degradation( 11) 2610 11.39+4.51  48.44:9.16  16931.50 1ar.00  VAEEHS S hrylovi
EBES. chamaejasme
IRk Moderate degradation (1) 2632 11.32+2.91 46.24+7.92 138+22.77 14+2.00 EBES. chamaejasme
HEIRIL Heavy degradation( IV) 2627 11.24+3.28 35.55+8.77 114+19.90 16+2.00 REES. chamaejasme

WRIGAE 2011 4 8 H WA KT, fE B R AR N BEMLIE B 3 D 2 mx2 m REDT, L 12 4
FEH 1 mx1 m BYEEHE (R HE /S FRITRELN 2 emx2 em) $ A2 B4, DA 2T A% 05054 U i &
(FEJ REFE IF p IE AL J7 W) JBCEE ) 4 WK, A 7 R AR 7 R A BT R 28 58 A 26 7 bk D\ 5 9F AR B PR DA 1 25 [E1 4 SRy
JEAET HoR AT T TR ZR AT AR K A PR TG S A K A SR A (A A B R R AL )
ARA TR (JCLE TR A AR N ) EFT 20 S0 ) Sl I fe S RERETT (2 mx2 m) ORI RS 0 bR
FHh b A=Wy s DARE T HEZE B M TS O B TE SRR T (2 mx2 m) H A B IR 28 26 R DA 1) b T8 45 5% RRE X
DE FHARME ORI R A —NREDY (2 mx2 m) $5 FRIBURE A 5 HE T30 (R 0 0 A T Bf422 |
GIF, e SRR ISR,
1.3 S8 Jmamr

TIFFE DX SR P, 37 F 2 1] ) R A R, FH () PRSOR S e sk A2 ) A e AR SRR 7 L
wmr .

k(d) =ATE#(d; < d))
K, A FoRIF oS KSR N B B FH T E FRfE—E R RE T S BRI, # B
i, 0 PR XN P AR R E R s, 4, FOR I A BB A REER, d RRIEE RE , AR E—
FE BB RUEETR s S o A 2 BEAILAY A
E#(d;, < d)) = And’
WS, k(d) = wd® . SRS REDMES , WRE B RER/N, k(d) PIENS KT 7d . AliiFh .

" 1(d
k(d) =% ZZW<(;>
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AT, A FORBIFECHTTR, A =2 B =n” 2 > o ((‘f;) n BBFFEIK IR P R, SRR AT
BPA AT MR E RS S, 1,(d) = 1 (M d, < d IRGE, dy 20 B j ZII0IEES) | W,(d) RAgHEE
R, 2 T LA © B EL d, 242 00 [ 9 AR DX A 18 I AR A (B8] Y LB

WHF L(d) PREALTHE R IR AR R T S o A 2, R R d T, R L(d) > 0,
RS, O 25 BB R T I SR A0 B e s W2R L(d) = 0, WBENL AR s WK L(d) < 0, AI5150 70

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

FIH Monte Carlo J7 3R fift AL /A3 ) F AL 2R, QSR I 42 S PR B V& AE B AL 28 (% DX [l P, T it
PR S RUBE T S M BEAIL A3 A 5 QSR B R PR AE L N A4z b, W R 2 RUEE T S SR AR 43 A 5 T 2R
T R L PR EVEAE L NI 2 T, WL 25 RO ¥ 5) oA . BRI i R B m 4 n AREPLEL, 1340
FRFH A2 fk%f?ﬂﬁ%ﬁﬁ?%ﬂdﬂﬁ%F%ﬁf%ﬂAdFMmﬁLw)mdﬂﬁﬁﬁﬁﬁ
53 O B B KAB A/ IMEAE S B A 4 i BB S R, R CAD S22 il A 0 ke DA %) b TR 455 A 1L 3
i GetData Graph Digitizer 2. 22 " PUHE Bk M\ M 1] 4% 52 43 A7 [ Hp B2 B4 R AR S B AL B, Hi}:/{%J:*T{E
B Excel B4 M58 nDEEECHE B TR ) 2 (0] 4% Ja) M CBR 43T, i#i4d Visual Fortran 6. 5 #5417 4w 2
T, AT RN 2 em, Monte Carlo BEAUELALLIEL H > 20 ¥k, 15 2] 1N W 4542508 48 Bl AL 1) 95% &
(BN
2 GHRE5SH
2.1 BAURZREF R A B R N5 JE A B R A 2 R AE

BRI R R S R AR B R A S AR A SR A W R R AR AR AL B B AP AR 25 57 (R 2) . AEFEMR A SR

AR AR i BE TG B 22 57 (F=6.11,P=0.09;F=4.57,P=0.03) , 5 H11R i 7 v A= FE bR A e BB T 15 v
TMEAEA B R\ BE B BRI s 3 m e LB A B2 R (F=14.7,P<0.01;F=19.23,P<0.01) , 4
FEAR M I A= Wy i e 5% P 2 o R R b o s SR B A 8 i A, R A B AR AR BOA I N A

®2 AREIRUEMFT/REEF MEEEAMA S EER AR

Table 2 Sexual plants and vegetative plants of Stipa krylovii population characteristics in different plot

HEFE R Sexual plant EEFER M Vegetative plant
FESL Plot Ho AR (/) P/ em Ho LR (g/m) W HE/em
Aboveground biomass Height Aboveground biomass Height
AiBfk No degradation( 1) 7.12+0.69a 17.87+2.11a 57.84x11.22a 10.76+1.19a
12 iRk Light degradation( 1) 2.34+0.15b 13.74+1.99a 46.109.34b 10.58+1.03a
IR K Moderate degradation ( 1I1) 2.68+0.27h 14.45+2.02a 43.56+10.37b 10.15£1.00a
iR 1k Heavy degradation( IV) 7.05+0. 66a 17.09+2.26a 28.5+8.30c 9.07+0.98a

5] — 3 B Jo AN ) 7B e s Ab HL R 22 53 B 2 P<0. 01

2.2 PR ZRER SE R0 AE BE R A S 1A JR)

K1 R RRRE AL B R 2R 35 R AR SRR AAAE A [R] ) RE | 23 18] A% SR R E A B 22 5, R
B F L 7E 0—94 em R FREBEHL/ME ,94—100 em RJFE b2 BAEM i 52 BB B H b 72 0—11 em,
19—54 cm F182—100 em R b2 BEHL/M G, 11—19 em F154—82 em NJF b 2B A1 v EE IR AL H b |
FE 0—25 cm F192—100 em FREHL/AE ,25—92 om R 2 RAE 0 TR, 78 0—100 em RE
RN AR, PR BT SE AR AR SRR AR A A SR e i E R R E A (P< 0.01)

2.3 BAIURZET SE RN A FE AR 2 (B A% SR

Bl R ZR T SRR A SRR D\ 25 TR SR e SRR AL S A B 22 7 (I 2) . RBfb s, 78 0—
11 em F193—100 em R FRE5)50 46 ,11—22 cm Fl 46—93 cm LM ,22—46 cm RJF R RES
i 52 IR E b 7E 0—9 em F193—100 em RUE [ 2Y5) 5046 ,9—18 em F168—93 cm 2 FfHL /1, 18—
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Fig.1 Point pattern analysis between sexual plants of Stipa krylovii population

68 cm N [ RIS P ERRAL B HL T 7 0—18 em N I 2350404, 18—45 cm F1 78—100 cm
BLAr AT ,45—78 em NUEE IR/ T IR AL R HL T 76 0—19 em NUEE 2357340, 19—100 em 2 FHL
O3 o BTRZEET AR AR FEAR N 3 A A% SR et E R i 25 19 (P<0.01) o
3 HFit5itie

TS b SR ERR A A S BRI 2R 20 Tk 00 T v 9 VI 45 ) A7 A A o R 14 9 DR i o
W, LA B v I A A R N PR TR | 5 4 6 R R B AR AP RE IR (O N Y LR T e A i
T AR BTG RAE IR 24 A A 0GR (LA ) 40 SR SR A SRRl 52 0 5 25 (1 43, Il 77/ R
FEZ R BRI R AT M AR TR At RE v, B R ZR TSP MR R R 51 43 Ak J&y e A= T WA
B R BE AR, S e T R RN R A L PME A S R AR SR ERBAE TR, A
FARR N UL SRR 3 AiiA% Jri Ry 3, BRARAS JRy X AL T 1S R 5 AR AR B DA LU SR B S5 1 50 S At Jmy o 32, SR AEAK J) X [H]
TEHTIE/N 35S Ja DX TR 2R3 K, SRR S o A RO e AL R 5 A B 8 ik DA A W i 4 T 3 1 )
P M UIAH G, T RS e T 5 3R A B v BT R 2 S8 AR RN 0305 30 Y B0 5 0 T 3 7 i A

A Wy i e R R A FERE A1 RS A 358 R A S SRR B A 1 A S R 00, R T R v R AT S R A B R
“TERCR R AR AR TA] A 40 BORS SR 1T BT AR DAY B )T R AR S TR A S e ) T R
O3, BT/R 24T P A FE S A A B AR N R B A4 Sy 1 RUE 22 5 T B AR W s T R ) T AP BT I 25 21
KB | A B AR AAFE 0—94 cm Al 94—100 em R S FEALFI R 440, LA bR A TE 22—46 cm FlI
93—100 cm S RAEFNIYE) A0 123 [BIA% SR , AT BESZ BT /R 21 0 A0 T 3F 0 WU ) S lc 7, & 30 A 0 i 2 i
A Bl TR0 TE TR ] 0 AL B S PR A B EME I Rl N O R | RO T R A A A B 5 R AR R AR A ]
AL RGNS SR | b b PN T G i S VRS RE A TR AR, R RN R R R AR R v A S A A B AR A B SR B
& JR DX ) P S HL B R4S [ R & AR B4 A 18—19 em \54—68 cm 546 45—78 em , I fE2 RT3
N BRIR ZRET SRR IR AR ERE 55 , 24 R B IR AN B T 2 R RS T R IS, A AR TR B 0h e BB S A A H

http ; //www. ecologica. cn



6914 A E = 32 &

----- AW LR EEE  — L@

0 20 40 60 80 100 0 20 40 60 80 100

il I IV

L(d) B %{& The L(d) function value

0 20 40 60 80 100 0 20 40 60 80 100
R JE Scale/cm

B2 F/REHFMBIEEERARERBIHN

Fig.2 Point pattern analysis between vegetative plants of Stipa krylovii population

Tofr P9 5 25 Pl ol P B I o A o B 4 e U, DT 25 A A B 5 S A B R DA ) 225 1 43 A A% Sy A G 7 45 6 BT JR 8 4
AR FEAR A PRGN, AR A B R DB /N 45 R TT DU BT IR 2R AT S E M IS Shi e T R B g o
B RARAY KA P BT A -3 mE 22 RAT AR B B A B M B 2 KRR A S
TR LB AR R 3 A IR A AP 4 B G A B e, B 3 T R SR A R P R R AR A B
TRERIE BN, AT R AL B A AR Y ARG Ina s, SRR RE S AR 11—19 cm,
54—82 cm #EHL A 25—92 cm, AEA TR 18—68 cm il 45—78 em , X EEHF5Y 5 HeME oA Y T 5
WA A T LT 58 2 A P R A SR SR AR A >0 A RE S BT B R R/ IN G A PR DL BB Ry 3 1]
DAGRR Ry IR RS o 8 R BRAROC T i — 25

HETEGARAET AEY) AR 5 A T T SO A5 R O T S X & A R AR X o B, 2 e — LU A AR A
T 1 1) e PR A AR BN FPAE P s AR IR AR AT 5 BB SRS S 2 IR, 7 HA A AR R A1 0 T, B
T 2 e Rl e v S A T e 2O AR A A A 2R S Bl R AR 28 AR Bl R A i T AR AR B RN, R T 5 4
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