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Fine-scale spatial associations of Stipa krylovii and Stellera chamaejasme

population in alpine degraded grassland

ZHAO Chengzhang” , REN Heng
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract; Grassland degradation is one of the important environment and resource issues in North China. Different degrees
of grassland degradation in alpine grassland are mainly caused by global climate change, overexploitation and other reasons,
which threats to the sustainable development of grassland animal husbandry and improvement of living standards of farmers.
Spatial structure of plant species is important in plant ecology as it affected the dynamics of plant populations, communities
and ecosystem processes. Small-scale spatial association is the main sources of spatial heterogeneity, which can reveal the
dynamic and stability of population and community structure. Stipa krylovii and Stellera chamaejasme are dominant species
in alpine degraded grassland, have great significance for understanding sustainable utilization of grassland resources with
studies on the spatial association of S. krylovii and S. chamaejasme. In this study for three main aims: First, to describe
the scale transformation of spatial associations within the same gradient; Second, to study the spatial associations changes
along with the degradation gradient; Third, to analyze the effect of bunch size structure and population patch on the spatial
associations. Study sites locates in the Ma Changtan grassland in SulNan country of the north Qilian Mountain
(38°47'22.1"—38°52'11" N, 99°45'11.7"—99°57'41.2" E) . In July 2010, we recorded fine-scale (0—100 c¢m) spatial
association of S. krylovii and S. chamaejasme from 2mx2m grids (2 emx2 c¢m quadrats) in four plots under four kinds of

degradation gradients; no degradation, light degradation, moderate degradation and heavy degradation. The point pattern
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analysis and Monte Carlo stochastic simulation method were used to quantitatively analyze spatial association. Based on
bunch structure, patch characteristics, life history traits and strategies of ecological adaptation in the community, the scale
transformation of spatial associations were discussed. The results showed that; (1) along with the natural pasture
degeneration process extension, the population density and population territory area of S. krylovii gradually decreased, total
area of hole gradually increased, and territory density increased firstly and then reduced. Meanwhile, the bunch size
structure and population patch characteristics of S. chamaejasme showed the opposite change tendency; (2) under no
degradation conditions, negative correlation was shown between S. krylovii and S. chamaejasme within 14 cm scale,
whereas no significant was shown at 14 cm to 100 c¢m scales; negative correlation was shown under light degradation
conditions within 51 cm scales, no significant correlation was shown at 51 c¢m t0100 cm scales; under moderate degradation
conditions, the spatial associations were no significant correlation within 86 c¢m scales, but positive correlation was shown at
86 cm to 100 cm scales; under heavy degradation conditions, there was no significant correlation as a whole and the scale
ranges was from O cm to 100 cm. To sum up, the spatial associations between S. krylovii and S. chamaejasme were changed
on the different scale and degradation gradient. The changes of population’s bunch size structure, as well as the combining
and annex of S. chamaejasme patches and the process of S. krylovii patch separated into many small “island” patches, are
not only the antecedent conditions affecting scale transformation of spatial associations, but also the critical factors of

population’s status and function change.

Key Words: Stipa krylovii; Stellera chamaejasme; spatial association; scale transformation; size structure; patch;

Qilian Mountain
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55 (Stipa krylovii) FVIREE ( Stellera chamaejasme) FIEER)/INREERDE] SCHOC R |, B 76 2 (8] RUEE AR AR ¢
R OC ZR B ZSHRAE | LA SR By R e X TS0 A8 al B LR
1 HRFAE
1.1 AR5

WF5E DA T4 3% Ll A G 3 rhiss 1 DRy H 7R &0 7 e e [ 1 VR B S 3 R I M B AR BR Dy 38°47722. 17 —
38°52'11" N,99°45'11.7" —99°57'41.2" E, ¥4k 2610—2632 m, IR 1—2°C , =0°C IAEFLR K 2450 °C , #H
XTTCFEI 80 d, AFFE/K B 270—350 mm, 4FZE K 1t 1480—1620 mm , AHXHEAE 65% , IELALIHLSEES + 3=
PEIRAE L T LU R 528 S b AT 3P40, BT R Z8 TSP R AR B M A ) A B R TS 2 8 (Artemisia
frigida) H i B 5 ( Melica przewalskyi) | Ji B VK 52 ( Agropyron cristatum ) | 5. Hi 5 AR ( Poa pratensis ) | §i 5t
( Leymus secalinus) JR#E JEE M BE4E ( Therm opsislanceolata) B /R Z& M) HEAE ( Heteropappus altaicus) | & BB
3 (Potentilla acaulis) JH239%( Taxaxacum mongolicum) 5+ % ( Dracocephalum heterophllum ) P73 AT
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( Lepidium alashanicum) 5l 5558 ( Pedicularis artselaeri) BRAE (Allium polyrhizum ) %5, 1983 AL IX 5217 K
SRFEH R AL S P DI R DX R AR et A B A T3 B TR S T oA DA A R B S A0 3 A ) e b 1 128 ¥
RAL N IR B 55 B 2 A LR g B A
1.2 FEMBCE S A T

PR K 55 5 2001—2010 A0 A1 1L b« 2 e 70 31 b B0 b FF % R 0o 2 (R LR 0 9 ) Y 3
AERT S HOTE V- 22 () 4 A6 B 37 456 7 M FSC OSBRI B b R 27 8 A AR I P BT /R 28 41 20 - 3 35
e BEFIH AR, LSRR YRl B AP AR AR I T 4 BOR B B R AR S SR AR M, o)
R ARIBAF L (BREE 1) BB R (BB 1) P BEIR AL ol (B I ) R R IR AL modt (BRI IV ), 4%
FEHAEDL MR R IR TR LR 1

F1 A EEHEER
Table 1 The chief characteristics of Plots

. Fif /R ZR4T2E S. krylovii piea. 3 Community
e Pl 4K/ m — — §
ot Altitude =/ em FEE/ % o AR (g/m?) FRBE PeHFh
Height Subcoverage  Aboveground biomass  Species richness Dominant species
Sl LR | e
*L,ﬂc(ﬁ&‘ ) - 2615 37.5+3.23 62.0+8.56 63.6+10.55 12.0+1.00 B /R ZEEE 5 S, krylovii
No degradation( I Type)
BRERHET) FT/RZR41SF S, Erylovii
2610 36.4+4.8 40.0+5.50 41.0+7.23 12.0+1.00 A,
Light degradation( Il Type) 4.89 * * * MRFEES. chamaejasme
o 5t I
LR IL (R i ) 2632 31.5+2.59 23.0+2.77 21.0+3.99 14.0£2.00  JR# S. chamaejasme
Moderate degradation( Il Type)
EEBA(BEN) 2627 25.3+2.18 7.2£1.90 8.6x1.65 16.0+2.00 MRFES. chamaejasme

Heavy degradation( IV Type)

RYGTE 2010 4F 7 H AP A K BEPES T 7B B b N BEALI B 3 2 m x 2 m BORE Y JRIE 12 4
FER L F 1 m x 1 m BORETHE (FETHE /N FRYTEIAL N 2 em x 2 em) FEMZERN AT, BT 590 A Vs
(FEJHE 2 1 g TE AU 7 DR B ) 4 URIEAT o R 7 R A 5 BT IR R 28 RUR B D OCIBC R A 2, S i 54
AFETT IRE RIS (2 bk 35 R R AR DR T REZE T AR TS A e S T T R A BT R 28 4
5 TR B R 14 i T 43 52 R 7 B, FH AR AR B B 1Y A 58 X B — N R O 41 B BBURE AR i i
JCE BT AT DR A i A B EVR L3R Ge TR NPT R ZR 5 0 FURFE AR AR, I IR PR AR
WP IR ZREF BRI 23 T 5550 A Rk AN (0—1.0 em) B HEM (1.1—2.0 em) . C HHEM (2.1—3.0
em) D HHRM(3.1—4.0 cm) \E FFkN(4.1—5.0 ecm) F AR (5.1—7.0 em) .G FHEA(7.1—9.0 c¢m) ;
PR SBORR TR AR 00 5 ) A DRk N (B ARE1—10 K% ) (B Zebk A\ (B2 458k 11—20 %) .C bR
(K480 21—30 K) D bR (B4 31—40 K7 (E Zibk M (K 4c%040 LIE)

1.3 Atk
1.3.1  Fpfa)as [\ SCH 4B

LTRGBS T R4 43 AT S T vk e X AR W A 25 2R e v AR 2 (G W R AT 0 B B R
BRUOT R R A AT AT AT R St — AR R] (4 & RIS, BT IR 21 56 55 08 2 b B 22 0] A1) 25 1] G K 1k
BT SEBR b IR PR A Bl 2 0] A 5% R a0, LG B 1 DRI k(d) BNk (d) 58 2 ASFEES AL
ky(d) o ZICRAE R HTETE SRS R RN ASARAERE B (RO d WIELH SR EHR £, (d) 3
E SCRI T SR BE 55 2 b SRR o RXEVE ki, (d) PTRAH R 208 T

Ki(d) = n, i n, 2 2 li’/i].(((fi))
Ko, A R ARTE XIRE AR, @ A o R SRR 1 R EE 2 AMA, ny B0, S50 R 1 FNAREE 2 1A%
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B d, (d; FRBe B HE s RS, d SRR RS RUIE) S22 i 188 v 70 W 5 DX 0P A o R A [ J] <

AYLEfE ., 3157
le(d) = [/\{12 (d)/m -d

M 1, (d) =0 BHPTFITE d RUEFECHEE Y 1,(d) > 0 BH " F WIEKEE Y 1(d) < 0 FW
SR

JH Monte-Carlo K500 A4 7528 | LUK 56 194~ HE 0 B IRE 11 23 1) DGR L SRR 9 % R S DA 9 4 1 F L
IR 14 X A DO 785 RS 9 R R 23 I S M S W38 s AR S BR( 9 7E 1Alik  1 D E  R
FE R 35 T S0 s SR SEBRVEAE F03l2k 2 F, IEBE B R T O S35 613608 . I CAD B4 kY
FRANBY HB T4 5 43 A5 18, 38 8 GetData Graph Digitizer 2. 22 5 14 MR A M I\ i T 45 5 43757 P o B2 5045 A A
SERRAB BT , 5S4 ARAT 5 A B Excel B0, IG5 (8 A4S 0 07 FF TR0 16 25 (8] SCIE 4007 vh L 3 Visual
Fortran 6.5 #AT4RFETT, Origin 7.5 #4722 K, ARSCHRAIAEK N 5 ecm, Monte-Carlo FEHLF LAY H R
20 ¥, 185 1T G 4 AL 2R FEL IR 95% B X )
1.3.2 FlEEBEHAS AT

25 BE S TR R RERS JRBF T, AT ek L e I 3 402 1 X, A 2 B0 S 1 5 M R 9
AL 175 BERTHARIEE 20 X W AU "™ L K S0 T 88T S50 285 (Leymus chinensis ) FIEESs BE I AL
(R EERARI RS (2 em x 2 em) BEA R EERRN G M L HES I, FR 2 R 1 A2 for 1B 2
BE, LA A2 BRI R0 /AN 486 SO TR A % 2 Pt 2 B T AL A T 14 X 0k S et 0, B (37 450, 1 71
A BN VBB R AT M 5 3 B ARE A5 = SRR T L A 25 BAE A T, R A0 85 B = T A A8/
FIREAT MG T A
2 SRR
2.1 PURZREFSERIRE A/ NGS H

NG SAE RIS [ 2 K P A RO 1 40 A A, I — 3R AR BE i BT AR Z8 41 35/ A (A
90 H B ES  RRREN F BR AR R IEEALBEEE BT R 284 5 R (B 0 G 9%) RSB 1L
BT B , VKR LE A, ELZEA6 2 T BB RE IV &5 MR 5. 1—9. 0 om BIFT/RZE6E B IMR M (32 2), J722
SR | BT R FR41 3545 B B MR K /IN K 25 Sk /K OF (F = 15. 42 ,P<0.01) .

F2 FIREBEFMEHRMKNEN
Table 2 The bunch size structure of Stipa krylovii population

b e BAMKIN bunch size / (FRM/m?)

Degradation gradient A B C D E F G
BEEE T 1 Type 27+4.08 a 6+0.90 a 1421.80 a 1221.91 a 1121.6 a 8+1.10 a 1£0.08
BEEETL 1 Type 3545.86 a 13£2.65 b 11£1.58 a 5+0.78 b 2+0.35b 1+0.13 b

FAEET T Type 30+4.19 a 10+1.10 b 6+0.45 b 5+0.85b 3£0.11b

BRBEIV IV Type 29+4.18 a 5+0.62 ¢ 5+0.51 b 3+0.50 b 2+0.15 b

[7i)— B 4 i Jo A ) - s A B ) 22 57 W 3% P<0. 01

2.2 RBEEFMEER/NEH AL

IRBERHEER /N AEA FLR AL R P 22 0 25 P22 57 (F = 12.47,P<0.01)  [Al—iB AL i AR A LA
AR CA G0) 0 HARH GO BRASB EE BN, fEAS LR AR T R B/ R AR AR R 2 — AR
TRETEFIZ N, KRR (B B2 E 40 Bl Ab T AWK B BORTER MRS BE IV 53 1 B ; [R) I, 2% 4%
TRTE R G BR A SEOR LU WA, /IR AR A1 B3, OB LI (22 3)
2.3 AN[ADR A R R B R 2R T 5 MR B FP AL

BT ZRFR B 50 R TG AR RE SR A AE A AN [RLR AR5 AP A AR S AR A 3 (32 4) o BR85S0 R 6 2
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It TET AR TR Ay 328 e AT 728 A R 3, 2 SRE T AL T 1, A R 5 25 J32 S/ 18 DI 9/ 5 R 2 A A 225 132 A 43
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Table 3 The bunch size structure of Stellera chamaejasme population

RALEE B FK/D bunch size / (BEM/m?)

Degradation gradient A B C D E
BAEE T T Type 21 +0.19 a 5+0.12a 2 £0.09 a

B 1 Type 30 +0.38 b 8 +0.15a 3+0.10a 1+0.06 a

BREET M Type 30 £0.31b 10 £0.17 a 3+0.11a 1£0.07 a

BEEEIV IV Type 29 +0.25b 12 £0.13 a 6 +0.15 b 3+0.10 b 1 £0.05

[R]—F0 4 Je AN R 7B s b B R 25 57+ B 35 P < 0.01.

R4 TEEBLH BRI FT/RERE 5 FOIR 7B BELRARE
Table 4 Population path characteristics of Stipa krylovii and Stellera chamaejasme in different degradation gradient

B IRZEELSE S, krylovii

B

Degradation gradient BRI/ (KR m?) 25 BE T AL/ m? A 1AL/ m? SHL I B/ (BEMA/m?)
Population Density Total area of hole Population territory area Territory density

BBET 1 Type 78.00+9.31 a 0.94+0.26 a 0.06+0.02 a 1248.00+78.24 a

BEEEIL 11 Type 66.00£6. 14 a 0.95+0.25 a 0.05+0.01 a 1320.00£101.52 b

BSEETT M Type 52.00+5.83 b 0.96+0.18 a 0.04+0.01 a 1386.67+125.88 b

BREEIV IV Type 40.00+2.54 ¢ 0.97+0.29 a 0.03+0.01 a 1333.34+99.87 ¢

R REES. chamaejasme

RIbHR — — —

Degradation gradient P e/ (bR AA/m?) 2 B B/ m? AT/ m? G B/ (RN m? )

Population Density

Total area of hole

Population territory area

Territory density

BABET 1 Type 28.00+0.50 a 0.85+0.31 a 0.15+0.05 a 186.67+22.35 a
EAEE L 1T Type 42.00+1.10 b 0.68+0.19 b 0.32+0.08 b 131.25+17.50 b
BABETT T Type 44.00+1.36 b 0.65+0.22 b 0.36+0.11 b 122.22+13.24 b
SEEIV IV Type 51.00£2.10 ¢ 0.61+0.15b 0.39+0.10 b 130.77+15.12 b

[R]—F 5 Jo AN R B e n Ab B R 25 55 B 35 P < 0.01

2.4 BI/RZEE SR E A (B S

1 ZRE SRR A A B v B JR 28 20 VAR B (] S I 1 i 2 ) IR A8 b e I OR [R] GRS 7Y
BE T rp PR Z8 5 SE AR BE A IEAE 0—14 em RUE B FUAH S, 14—100 em R OCERPEAS B35 BRI
I B | (3 OGO I R34 A, 7F 0—51 em R R B3 HAH5E,51—100 em OB [ CHMEAR
R R o 7E 86—100 em RUBE [ 3RBIM 5 IEAHOC, 1 0—86 om RUEE [ SCHRMEAS I 3 BRI IV Hi kb
B[R ZR 26 R FUR FE AR AR ) 23 (] CBEPETE 0—100 om B FIFRIN BV B3 I H /R 224t
2 SR A MR 2 [ GBS T W& A (P<0.01)
3 £i5itie

AR SCHEHI 4 Fh R i 2 R FEA | S e T AR L A3 v X B 2 B A AR AL R T e AR, B —
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