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Fine-scale spatial point patterns of Stipa krylovii population in different alpine

degraded grasslands

ZHAO Chengzhang, REN Heng, SHENG Yaping, GAO Fuyuan, SHI Fuxi
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract; Spatial distribution 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 ecological
processes and sustainable utilization of grassland resources with studies on population patterns of S. krylovii. Study sites
locates in the MaChangtan 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). with the altitude of 2610—2632 m, the annual temperature of the region is 1—2 “C , the annual
precipitation varies within a range of 270—350 mm, the soil is mainly consisted of mountain chestnut soil, the dominant
native vegetation in the region is consisted of perennial grasses and forbs. In July 2010, we recorded fine-scale (0—100
cm) spatial patterns of S. krylovii from 2 m x 2 m grids (2 ecm X 2 em quadrats) in four plots under four kinds of
degradation gradients according to community characteristics, population characteristics of S. krylovii, and grassland
stocking rate for nearly 10 years: no degradation (<90% ), light degradation (105% —125% ), moderate degradation
(123%—138% ) and heavy degradation ( 135% —150% ). The point pattern analysis and Monte Carlo stochastic
simulation method were used to quantitatively analyze S. krylovii population patterns by the software of GetData Graph

Digitizer 2. 22, VisualFortran 6.5 and Origin 7.5. Based on life history traits, bunch structure, patch characteristics and
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strategies of ecological adaptation in the community, the mechanisms generating and maintaining these patterns were
discussed. The results showed that: First, there were significant effects on patch characteristics of S. krylovii population
under the different degradation gradient. The density and population territory area of S. krylovii population in heavy
degradation was significantly lower than no degradation, but its total area of hole in heavy degradation was greater than no
degradation, and territory density increased firstly and then reduced. Second, the bunch structure of S. krylovii population
existed complicated relationships. The small bunch of 0. 1—1.0 c¢m in heavy degradation was greater than no degradation.
At the same time, the proportion of big bunch was significantly higher than others in no degradation. Third, there was a
difference at different scales. Under no degradation conditions, the spatial patterns of S. krylovii were regular at 0—64 cm
scales, but aggregated at 64—100 c¢m scales; under light degradation conditions they were random at 0—100 cm scales;
under moderate degradation conditions, the spatial distributions were random at 0—70 cm scales, but aggregated at 70—
100 cm scales; under heavy degradation conditions, there was random as a whole and the scale ranges was from 0 cm to 100
cm. In contrast, the population patch is the basic functional unit of S. krylovii, which can decide the status and role of S.
krylovit in the community. Under the role of grazing and interspecies competition, population patches may crumble from
center to the edges gradually, and it lead to the spatial patterns changed. Finally, S. krylovii declined in alpine degraded

grassland along with population patch broken and mattic epipedon disappeared.
Key Words: Stipa krylovii; patch; spatial point pattern; bunch structure; population declension; north Qilian Mountain

FRE2S [ Jmy e A BRI P B AH L OC 2R S N SR 2 B A TS5 2R . AR R Y 25 TB) AT At Jmy AN
S BAEL ) 14 225 T] AT R R R AR FH PR B B IR IR B0, 7 EL AT LA 7~ A P P 100 2 280 e R H 5 A S5 A
VEF R RE A= 2 R R L TE RS T 0 5 R A7 RE T M AME R B R R B 25 T A SR I 98 2 22 iy
A SR BN A (H 2R N RORUE E - AT ARG 3T, 45 BR FE AP A ) 2 it AR 0 25 002 T, R RE TR %)
RO RUEE R IR AEE 2 (B A Jmy XSl BRI DG AR BREE AR mme W ATLEE DT Ay it ) A e A ) 23
Mridi s R R BE MR ] T AR AR 005 R, BA B iR B BE 1, BERE 70 AT /NRUBE T B R4S Jm AR RI DG 2R | 61
B 7 RE YRR 14 25 (B 25 R4 R/ NG F) 55 J THT PR AR AE 4

BT IRZEEES (Stipa krylovii) VE A6 J5 RARFEH I B B oA AR RGO R AR MR T KX T v FE R D,
FEE LS T RE AR E M L A TR R IR AR RO 2 0 N e FE R A ) B T R AE 7™ DA BT R 28
FRPEER T A B AE ZREETY A SRR R R O AT TR R AT, XSRS
Xof T8 7R BT 7R BT 20 FrE A 252 O M A SR AT — € 8 5L (BB AH R WSS AN TR 31 2 el
IRZEET 2 PR GIOWRUBE 23 () 3 A1 A% Jmy , L K et i A 00 IO X Tk AT e ) 5 40 A T SRR, A SR
FH AR SR o A 07125 8 5 ) BT JR 28 B S0 R 18 25 18] 20 A1 A Jg 5 BESRGE R RRAE A BIF S, 44873 1o S8 B b AR ) e
TS TR T AL A A T B PRI SR ML
1 HRFAE
1.1 RN

IFFE XA TR0 32 L A3 s L D R 2 R e 4 TR IR B B 3 M i, b B AR A7y 38°47722.1"—38°
52'11" N,99°45'11.7"—99°57'41.2" E , #§4 2610—2632 m, 4F#4i 1—2°C , =0°C AR A 2450 °C , AHXTTC
Tl 80 d, AEFF/K B 270—350 mm , 4EFE & it 1480—1620 mm , AHXHEE 65% . HHELALMTEAS + o 3 K
FEHE T 11 5 2 S BT 50 A, BT R 8 51 59 A, R OR Bt 32 BEAE W) A BT R B 55 V% 8 (Artemisia
frigida) JH R 5 ( Melica przewalskyi) | Jii 2 VK 5 ( Agropyron cristatum ) | % Hi 5L B0 K ( Poa pratensis ) | §i #
(Leymus secalinus ) . J& ¢ ( Stellera chamaejasme ) . ¥ 1 ' %5 18 ( Therm opsislanceolata ) . B /K Z& Ji 1 £
( Heteropappus altaicus ) . 5= & % W& 2% ( Potentilla acaulis ) | 3 7 Y& ( Taxaxacum mongolicum ) | 5% M 7 %
( Dracocephalum heterophllum) P73 A T3 ( Lepidium alashanicum) [ H iR 596 ( Pedicularis artselaeri) %3k
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(Allium polyrhizum) 4§, 1983 AF-HLIX SLAT R AR B M ARG 2] P LK, 5T IX IR SR F b A I A 1 BE CHCIR A
JEOA: AN A R M A 3T 1) 5 b B 72 IR ALl DUR R 45 B AR B N DL 3R (1B AL s 9
1.2 FEHLIE S8 5B

FRAE A 5 5 2001—2010 AF X6 413 11 b F 2 w0 7607 S8 A v b B o ol ot A O RS A 5 A i g
AET—F0 H T - 27 (1) 4 35 B M, 265 45 7 U FSC RO JERRTY o b PR 2 DR A AR I A A B 7 R A S0 1 P2 3
1o B RN b A= | DA R BT G I AR R B T 102 ATBCBCR (UBCR =B/Dx100% , 3 B 27K 2001 —
2010 AF AR R Y AR 284 B 1A AR i, D RO [A] — DR A BIE E A i) SF TR R T 4 7 AR Y LA B
YERSEgRAE M, 430 R AR B (BREE 1) FRBER AL (B 1) | rp B AR AR B b (B0 1) RN B ARk
T (BREEIV ), A HOE S FNAE TS R T E LR 1,

F1 KM EEHERER
Table 1 The chief characteristics of Plots

PR ZR4FSE S, Krylovii FEE Community
R R Mo bR
28 i b3 P
#}—f{ﬂ Plot Altitude Plot area ,%]JE mE Aboveground )ﬂ(%$ ’fjﬂﬁ“ﬂ
2 . Subcoverage . Stocking Dominant
/m /hm Height/cm biomass .
/% ) rate/ % species
/(g/m)

S TS e
*’JJC(WE ) - 2615 68.5 37.5+3.23  62£8.56  63.6%10.55 <90 B[ JRZEEF S, Krylovii
No degradation( I Type)

BERMHET) Bl RZ%413F S. Krylovii
2610 102 36.4+4.89 40+£5.50 41+7.23 105—125 .
Light degradation( Il Type) * * * TWEE S. chamaejasme
TSR (BRI ) &
2632 135. 1.5£2. 232, 21+3. 123—1 1
Moderate degradation( Il Type) 63 35.5 31.5£2.59 3+2.77 +3.99 3—138 JR#ES. chamaejasme
EREBLBEN) 2627 90 25.3+2.18  7.2+1.90  8.6x1.65 135—150 JR#& S. chamaejasme

Heavy degradation( IV Type)

RITE 2010 4F 7 A AP AE KBS T  E A AR L B LI B 3 12 m x 2 m AORET, R 12 4>
FE 1 m x 1 m BEETTHE (FEJTHE N/ TR 2 em x 2 em) $ie NZEEIAT , A BRIP4 VR
(FE D HE 2 1E T TE G [ B ) 4 YRR T R iR R 5 BT R ZR T SR RIS SRR A SEI R iE SRR Y
(2 m x 2 m) NIAEPI RIS B B MR a7 L 55 B ATl A= i DARE DT AE 22 T A T A 305 1 B (2 m x
2 m) HREAN BT SR ZR T Sk DA R 1 T 5 5 RTRH X7 2, LA AR R e, AR BB B RO IE B S, S X}
B—FEH (2 m x 2 m) 32 BEICRE B RE 5 HEJBCE T 2R A7 P32 5 T, 1 45 BETE DL 35D, st A RE 7
(2 m x 2 m) NFT/RZ 5 ZE R AECRI B AR AR RR AR (6 T IR ZEAE R L B BR AN, FLRR MBSO AE 7 (2 m x 2
m) PRS2 bR N SR SR LU 3R, B MR AS B SC PRI R0 ) o AR Pk REEXT 5 5 @ A )
BRI R 3B B BT R ZRE 40 4 8 7 o A kA (0—0.3 em) B ZARM (0.4—1.0 em) C Zikk
M (1.1—2.0 em) D RN (2.1—3.0 em) \E FARA(3.1—4.0 em) . F ZARM (4. 1—5.0 em) .G HHEMN
(5.1—7.0 em) H FARMA(7.1—9.0 ecm) . HH1,0.1—1. 0 em BRABIRI KRR 0—0. 3 em IIBRMNEA 1—
2 AR — 5 TR (HAR AT BE 0. 4—1.0 em BIRRAA— M HLA 3—S Ak B, JF 4R 8 a8 o A 78 = A 4y BE
AR EA T SS L nA MEAE Fr RE
1.3 B
1.3.1 SR

5T X3P, A7 F 425 6] (4 R s e k() PRSI ST e ot B2 [ A R AR R ) e )
ﬁlﬂ:

k() = /\"E(#(dij <d)
K, A FoRF oS XS N B T RS R E T, E FRTE—E R RE T S B ECE IEE, # RR 8
i, 0 S XA A B AR R ARE Y s i, d, SRR R B e SRR, d FORIERIUE, IR AE—
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S BB RUEE R s 0 A 2 BERLAY , A
E#d, <d) = Amrd’
B, k(d) = wd® . BRSO RED AT R R REBD, k(d) BOERS KT 7d®, AliF=08

] & 1(d
Kid)= %Z 2 WU..(<d>>

S, A RBECINE, A =2, E=n 3 U0 RO A PR R

A EA RS B0, 1,(d) =1 (M d, < d BERE, d, 2 i 50 ZIEBERT) | W,(d) SRR ER
U, ST LU O LB d, o f 2 0 I 7 L S A A A A I 1) H

SR L(d) SR A I E R T SRR A A FEBR B RS d R L(d) > 0, K
AR A B R T ) S A R R L(d) = O, BN I L(d) < 0, NI,

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

— 8 ] Monte-Carlo 5 VAR AFBEHL A 1Y bR AL LR, QSR AT FE X G e bR I 78 N il 4 iy X
(] A, DUIAE S 8 RUBE T A IR I BB AL 7 A 1) 5 G SR 5 0 52 S PR B V& 7E b N AL 2 i IX (I AL DI 7E it
g RUBE T A ) IR A SR A 1Y) 5 A RAF 98 R S BR B P& TE B AR 4 () X JR] LU, W FE e R i RUBE T
TR 5103 AT Y . D72 R m 4 n ASBEAILELC, A5 AR T R 28 =R A AEAS R BE 2 RUE R L (d)
{8, ARG XS LI BEAS d T m ANL(d) H/NBIRBEFTHE , 23 51 D) B8 e (B A e /IMBLVE R B R A 784 1 MR (B
JUE . A CAD BAF2: I BT /R 2851 58 bR A ML T 45052 73 A1 (&1, il i) GetData Graph Digitizer 2. 22 3 BT /R 2§
BE2E M TR 43 A1 Pl TP B RS R DA ) SE PR AR AR AEL, 355 A A (B 5% A B Excel R, 0 J {8 AT KE £5 405 1
TR R #rH . d83d Visual Fortran 6.5 #4742 1T5, Origin 7.5 T4 K, RSCRHAMAEK NS em,
Monte-Carlo FHALELALLAEL H 2 20 ¥k, 45 2] 1 W 55300 2k Bl 95 % &A% X [H]
1.3.2  PJRZEE MR BESVRRAE 23 B

25 BER AR AEA RIS SR AT 58 T, T PR A s B0 5 B A 1 2 1 X, e 2 R 1 AR Pl R b AR R S B
FEAE 28 BEAHABRNRE A0 X PR AP AR . AR S E BTN 1 (Leymus chinensis ) R 22 BRE T P
PR AR AR (2 em x 2 em) WA FPRE BRI EHEGE B, WIFRZ Ry 1 A SR T B 25 B
DA 2 BIRE 28 BETET AR A /0N R IBORE TR RR PR 5k 25 i 22 B T RRLAR T 1) DX 3R A AR Gk, , {57 5 b T AR P 1Y)
T ACBSORR Ay b R S0k 25 185 RV R 400, = SBURE T AR - e 22 R T AR ol R 401 b 8% 185 = b e AR5 P R
ST A
2 HRESW
2.1 mZFEIR RS AR

1o FE R VR AR AR TE A R IR AL B B AP TE 22 5 (R2) (R R PR E LR E X (F=7.58,

R2 TRIBLKEEM B R

Table 2 Community characteristics in different degradation gradient type

BEX iR s FH e FE Hb A
Degradation gradient Species richness Height/cm Subcoverage/ % Aboveground biomass/ (g/m?)
BT 1 Type 12£1.00 a 15.0+2.23 a 82+8.56 a 145+10.19 a
BSEE T 1 Type 12+1.00 a 14.0+1.89 a 84+5.50 a 161£19.44 b
BB M Type 14£2.00 a 14.5+2.59 a 81+3.77 a 170+15.01 ¢
BEIV IV Type 16+2.00 a 15.02.18 a 80+2.90 a 168+20.32 ¢

[ii)— B He bl J5 AN ) -k s A B ) 22 S W 3
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P=0.11) ,FfiE F R Ib 35 B8 B VG R R M C W E 25 (F=5.53,P=0.09;F=3.71,P=
0.07) , AN[rliR Ak B2 B 2 g B A o FE Y DR AR T — R YE Bl 2 s R B v o E AR A B 2 R (F=
13.2,P<0.01) i [ A=Yy bl H B4 msg i
2.2 BulJRZREL SRR BEHURAE

AR A B BT R 2R B RV BES R IE A AE A R A a3 (R 3) . FIF S A e EM 2R (F=
11.43,P<0.01) , i 25 5 b 38 A0 Bl E 25 B 0 /)N 3 b E 2 B i AEURN R RS b TR FRUE 1B E 22 5% (F=6.26,P =
0.20;F=4.31,P=0.18) , A[FIE fh A 5 i IE 2 BeE 1 A0 T 186 0, 7 0 400 b T L 7 ik /) 5 A 1 40 b 28 I
FMZER(F=18.24,P<0.01) ,FRRE4T Y% 5 330 A et R Ik

x3  AENBLHE B B B /R 2= 5t 5F T B BETIRAFAE
Table 3 Population patch characteristics of Stipa krylovii in different degradation gradient type

. . Filv R 2 L 23 BE i A TR 50 it T AR Ut
Bk RE ) . ) . : .
. . Population Density Total area of hole Population territory Territory density
degradation gradient ) 5 ) )
/ (bunch/m”) /m” area/m / (bunch/m*)
BEEE T 1 Type 78+9.31 a 0.94+0.26 a 0.06+0.02 a 1248.00+78.24 a
AT 1 Type 66£6.14 a 0.95+0.25 a 0.05+0.01 a 1320.00+101.52 b
HBREET M Type 52+5.83 b 0.96+0.18 a 0.04+0.01 a 1386.67+125.88 b
BRENV IV Type 40+2.54 ¢ 0.97+0.29 a 0.03%0.01 a 1333.34+99.87 ¢

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

2.3 PR AR SERER/ NAS AL

Bl IR ZE 4 S R E R/ NES R FE AN R IR AL R b v 52 (S M 22 57 (=15, 42, P<0.01) Al —3iB AL B v, /iR
IACA G) LA i, SR BT JR 2R S Rl ) 2 BERE AT R TR AL AR B v, KRN (B & G ) R B8
B LA T R, /R A LA i KRR AL AN 65. 83% 8i/IN 238 42. 2% , HAERRIE T 246 IV E Hd 5. 1—9.0
em PIBT/RZRET 2 RAR N R (R 4) o

x4 FREBEHFMBENARNGEY
Table 4 The bunch size structure of Stipa krylovii population
R KNG bunch size structure /( bunch/m?)

R EE

Degradation gradient A B C D E F G H
(0—0.3 em) (0.4—1.0 em) (1.1—2.0 em) (2.1—3.0 cm) (3.1—4.0 cm) (4.1—5.0 em) (5.1—7.0 em)  (7.1—9.0 cm)

BT 1 Type 23+3.53 a 4+0.55 a 6+0.90 a 14£1.80 a 12£1.91a 11£1.6 a 8+1.10 a 1+0.08

B I 1 Type 21+3.11a 14£2.75b 13+2.65 b 11£1.58 a 5+0.78 b 2+0.35b 1+0.13 b

B T M Type 21£2.79 a 9+1.40 ¢ 10+1.10 b 6+0.45 b 5+0.85 b 3:0.11b

FAEEIV IV Type 18+2.53 a 11£1.65¢ 5+0.62 ¢ 5+0.51Db 3£0.50 b 240.15b

[7i)— B 5 Jo A ) B s Ab B E) 22 57 8.3 P < 0..01

2.4 PR GRS AR SR SR BT

BT JRZR 2 Rl AEAN [ RUBE b 25 6] i M SRR R A AR 22 5 (8 1) o FERRIE T sl rp, 150 Bl £E 0—100
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