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. 4O 59 7 Stellera chamaejasme NAZ- IR A3 &) 69 BE 3% 570 #s By B B 5 3R BE ) 1 2 1] 0 %
FOAEF ARG LB A B R R, 456218 F) 6] 45 7 #F 9 #7 (two-way indicator species analysis,
TWINSPAN) 2~ £ 75 i% | Fh #4 % 3¢ 12 4 #7 (detrended correspondence analysis, DCA ) Fe 3 5& 5 52 447
(canonical correspondence analysis, CCA )3 5> 77 % , 45 & Hu #2138 % 42 (geographic information sys-
tem, GIS) & 18] AT A, £ R R R E L5 AT IR A AL RACKE &) BE K 09 o RAFIER A B o, R E
BB R R @) AR P A S 3] 18 30 B 37 AP ALY, P T3 R Poa annua Ik | 21 5 3 Ko-
bresia pygmaea 7=V 3% Potentilla chinensis .1t 8 75 Medicago ruthenica #= ik 36,30 Gentiana straminea
F A BAY, 38 3% Taraxacum mongolicum 5% *F & @ & Gueldenstaedtia diversifolia . ¥ R 3 Lan-
cea tibetica . ¥ E # Anemone rivularis F= 3 %+ =t 5 & 8 Thermopsis lanceolata % 73 % Z-1¥ %&£ #
TWINSPAN % # B AL &) B X1 5 6 7 B, 5 A1 8- R+ 300 & F 3804 o B sk A+ = 2L
Zx K Potentilla bifurca # % JRF+-T R+ B R4 v+ B AR % R F+-T FRHIRIL I+
H B HE TARIREEZMHE BR% BARYARIE Elymus nutans+30 8 75+ 2 %+ 7%
% % Argentina anserina % 3% & 54 Potentilla fruticosa+- 3 K+ AT Plantago asiatica+#5 %% %%
RBEE, B P RENGHEPELEZRAY SRS TRAEEGHEL, PEMMHRAAEK
KB NZBEE PR ETHEEMENZRE G EmIG M, LI W AERETFARLEEAIR
BB T 4 DCAFe CCAH P25 R 27, R ENAZ L Q) BEE 5 A 09 TR R T A LESKE,
HRAFHBAEE, ZNFRLR ARG B LG5 R 2Ky A EF T BT LR %A,
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Spatial pattern of degraded alpine communities invaded by Stellera chamaejasme
and environmental interpretation in the central Qilian Mountain
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Abstract: To determine the spatial pattern of Stellera chamaejasme invaded alpine communities and its
relationship with environmental factors, a typical study area in Qilian County of Qinghai Province was
selected, the classification of degraded alpine communities and the corresponding environmental re-
sponse at the regional scale were analyzed with integrating two-way indicator species analysis (TWINS-
PAN) classification, detrended correspondence analysis (DCA)/canonical correspondence analysis (CCA)
and geographic information system (GIS) technology. The results showed that 18 families, 30 genera,

and 37 species was examined in the study area. The dominant species of communities in the region
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were Poa annua, S. chamaejasme, Kobresia pygmaea, Potentilla chinensis, Medicago ruthenica, and
Gentiana straminea, and the companion species include Taraxacum mongolicum, Gueldenstaedtia diver-
sifolia, Lancea tibetica, Anemone rivularis, and Thermopsis lanceolata. TWINSPAN classification di-
vides alpine meadow communities into six groups: Poa annua~+K. pygmaea+Thermopsis lanceolata+
Potentilla bifurca community, S. chamaejasme~+Poa annua+Potentilla chinensis+Thermopsis lanceola-
ta community, S. chamaejasme+Poa annua+Gentiana straminea+M. ruthenica community, Poa an-
nua+S. chamaejasme+Anemone rivularis+M. ruthenica community, Elymus nutans+M. ruthenica+Ta-
raxacum mongolicum+Argentina anserina community, Potentilla fruticosa+Poa annua+Plantago asiat-
icat+ Argentina anserina community. Compared with native communities, the proportion of the forbs
and poisonous plants in S. chamaejasme communities notably increased, and cyperaceous plants did not
exhibit significant growth advantages. As invasion aggravated, the average coverage of S. chamaejasme
invaded communities increased. Hierarchical CCA ordination of soil, topographic and climatic factors,
and subsequent comprehensive ordination showed that key environmental factors affecting spatial distri-
bution of S. chamaejasme communities in the study area were soil moisture content, followed by mean

annual temperature and longitude, indicating that the distribution pattern of plant communities is con-

trolled by a combination of moisture, heat and spatial factors in the degraded alpine meadow.
Key words: TWINSPAN; DCA; CCA; GIS; environmental factor; Stellera chamaejasme
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KR RS U 1R 3 b pE e KA ) S R 80
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FLE AT A, BV G B 41.7% , FL2OR 55 BN
12.4% . HETE AR BE+ T BOR+Z2 B2 S+ 4 i Y
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Table 1 Important values of the species in the study area

B4 g A B4 g AR
Family Species Important Family Species Important
value value

Fii & F} Thymelaeaceae JREF Stellera chamaejasme  18.636 |5} Leguminosae  WEFHH XS JL Caragana jubata 0.402

JEHHEL Gentianaceae  JWRAETL Gentiana straminea  3.391 | JEHHEL Gentianaceae Ji|t=J¥AH Gentiana aristata 1.208

F Al Ranunculaceae ¥ LM Anemone rivularis 2406 |45} Boraginaceae %5% Lithospermum erythrorhizon — 2.308

JI &R Hikfi = 1.142 | RIWF} Equisetaceae AWM Equisetum hyemale 3.258

Dipsacaceae Morina kokonorica

Rl Rosaceae =i 3% Potentilla chinensis 5.040 |4-HiF} Plantaginaceae %-fij Plantago asiatica 0.272

IR Umbelliferae 44151 Bupleurum chinensis 0.466 |25} Compositae AHEN Anaphalis lactea 4.254

%%} Compositae DL 2.397 |25F} Compositae FHIFER] Olgaea tangutica 1.449
Taraxacum mongolicum

58} Leguminosae AL E 18 Medicago ruthenica  4.380 | JElHF} Gentianaceae Z& 7L Gentiana macrophylla 0.046

2R P NEES 2.424 | HHIFL Rosaceae TGRS 5.966

Leguminosae Gueldenstaedtia diversifolia Argentina anserina

AP} Gramineae HEHCK Poa annua 20.943 |5 ER} Rubiaceae T3 Galium verum 0.777

EEER FERA R 0.397 |4%} Compositae FEK 5 Aster flaccidus 0.671

Ranunculaceae Thalictrum aquilegiifolium

SEEY AP 1.664 | JEfHF} Gentianaceae )5 i 5 0.504

Ranunculaceae Ranunculus sceleratus Gentianopsis paludosa

Z5F L5 0.065 |44%} Compositae £ X2 Saussurea pulchra 0.135

Scrophulariaceae Pedicularis sylvatica

B} Leguminosae Peat i Py 1.953 |Z5%} Compositae XT3 0.040
Thermopsis lanceolata Saussurea melanotrica

258 AR Lancea tibetica 0.863 |#%74%F} Rosaceae T BIFWESE Potentilla bifurca 0.205

Scrophulariaceae

JEJE B} Labiatae WA Mentha canadensis 0.062 |VFHEF} Cyperaceae 15 1L E 5L Kobresia pygmaea 2.631

i Fl Rosaceae 4 FE Mt} Potentilla fruticosa 0.573 | ARAFl Gramineae  FEREEIL T Elymus nutans 0.772

B P} Ranunculaceae 1 LLIHHART 0.023 |J§JEEL Labiatae AL 5 Ajuga lupulina 0.746
Thalictrum alpinum

253} Polygonaceae TR Bistorta macrophylla  0.530

2.3 IRFEEH DCA/CCAHEFE 1R
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T 3 SR R % A B AR T SRR AG I
XFFFE XA 40 A ELAT S35 5 1 7 A4 3R Ty
AHL A A A A A AR K

i pH FTTHY , 4B RSk IR 39 ) AT
TERAREE , 343 F AR AR oK AR
I H BRI R BB PR 43 b el 4 i
S5 TR (93%7 ,93%4 . 93x3) , I3 S 5 RE )7 -
Yy E B R (93x37) #E AT CCA HEF , 4%

WoR W XA YD RE 53 A i 2 2 e e
+ IS KR L3 pH FI H SR BN TH
TERAR HBTE AR B R [, S Rl A3 AR 2R AN ARy
B RN (] 3-a~c) o FET L3k 84~ T 18 B Fn/< i
PR 7, 348 02 (8] PR 20 405 B M e 25 5 w2 i R -4
W (93x9) #E1T CCA HEF (181 3-d) , 45 3R bR, /i 24
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HEFF Rl ARG 43 510 0.468 F10.360, 5 3R K5 B+
R 5 2 B5005 9 4 0.851 F110.793 5 1if 4 4FHE 7 i xit
YRR RIS O 2R 10 SRR h 77.83% , HoH R 27>

Hhy BRI T 54.03% (£ 2) , Ui CCA HEF

OB B PRl AT 2 /Nl 2 s 1 U 1 T LA

LR A i FE A R 1) B ER B RAAE
[D1(93)

D2(75) D3(18)
D4(65)
D5(47) D6(18)
D7(10) D8(26) DIQD), D10(16) D11Q2) D12(3) D13(15)
I I
19,20,21, ! !
273334 | [1,2,3,16,] | i
2o 29,12 13 |
35.36,37. 39,43 45, 17,18 25, ' 14.15.28, : 4,5,6,7,
Jesysa| 4749501 |264462.| 1|57 35 40 ! 8 10, 11,
Q08100 | [315255| 636465 1 cug oe 22,23 |1 (242930 | |414275
o3 7| 365158 | 16667.70.1 1| 55 g0 eg i 77,78 79,
59.60.6L | [737476,] 1| g5 """ : 82,83
69,7184 | |8891 ! !
85,86 ! !
I 0 m v l v ]

_______

______________

DI1~D13 R/ 04 4555 WRCT RN B0 . TTHENECF 2R O3 T 945 o T FEBAOR+ e Lt e+ BT B ke
W]+ SRR s 1 R+ PR+ R B B M BP BT IER 5 T0: RE+ AR RRAE LB BT R 5 1V LR+
INFG+E TAAGHEE G R 5 Ve TR+ 78 il A S8R B 5 VI @B+ R AR+ A AT+ AR B R A

7% . D1-D13 represent quadrats grouping, the number in each bracket represents the total quadrats involved in each group. Num-

bers in the rectangles represent the identification code for each of 93 quadrats. I: Poa annua+Kobresia pygmaea+ Thermopsis lan-

ceolata+Potentilla bifurca community; 1I: Stellera chamaejasme+Poa annua+Potentilla chinensis+Thermopsis lanceolata com-

munity; III: S. chamaejasme+Poa annua+Gentiana straminea+Medicago ruthenica community; IV: Poa annua+S. chamae-

Jjasme+Anemone rivularis+M. ruthenica community; V: Elymus nutans+M. ruthenica+Taraxacum mongolicum+Argentina anse-

rina community; VI: Potentilla fruticosa+Poa annua+Plantago asiatica+Argentina anserina community.

1 B X 93 177 AR R ) TWINSPAN 53 1K
Fig. 1 Dendrogram of the TWINSPAN classification of plant communities in 93 plots in the study area
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i, HUON YR R, BRI 7% 1 3 A1 A Jmy el
ARGy AN [P AR R WSS AR v
TEHER B BAT W R A 70 A1 25 S FIBRBE R I 1 T
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1~93 JREDT 5 o 1: TSR+ L g R i B e+ — 2
LRERAEE 5 11 IRBE+ L BR+ LB T B D R 7 5
L ARE+HFRRRRAETHEA TR TV: BARIRE T
HHAEETERE Ve TR+ 8 ET 7 HIl A S RO 2 b
TS s VI R+ R AOR+ AT+ RO B S o 1-93 are
the code of quadrats. I: Poa annua+Kobresia pygmaea+Thermo-
psis lanceolata+Potentilla bifurca community; I1: Stellera cha-
maejasme + Poa annua + Potentilla chinensis + Thermopsis lan-
ceolata community; I1I: S. chamaejasme~+Poa annua+Gentiana
straminea+Medicago ruthenica community; IV: Poa annua+S.
chamaejasme+Anemone rivularis+M. ruthenica community; V:
Elymus nutans+M. ruthenica+ Taraxacum mongolicum+Argen-
tina anserina community; VI: Potentilla fruticosa+Poa annua+

Plantago asiatica+Argentina anserina community.

B2 ARREYBE-ETNBREREX TSR
Fig. 2 Detrended correspondence analysis (DCA)
two-dimensional ordination for plant communities-plots

in the study area
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1~93 F/RMET 'S . SOM: TS HUT & ik ; STP: THELEF i, STK: THERFIE It ; SAP: TS i SWC: 1%k, PH: 1HEpH;
ST: 1-39elTih; AL: 14K; SL: W5 AS: Bliml; RA: HUEBAIREE ; AAT: AFH4TREE ; AAP: AEHIRERT I ; AAS: 444 H IEETEL; Lon: £ Lat: 4L,
R FORIMEIN T, {7 R BEFOR IR A0 51X T Z AARDGHERI N s S0k SHEF MBI AR BREE N SRR ER RN, 5 Sk Bk
SIRFTRIEE A T SHPFP A Z MAROCHERIE G . 1 SR+ L R I B R+ — 2RSS 5 11 RFEH AR RS R R
s UL AREE PRI HE BRI s IV FRRIREE - ML ETEREE Ve TERRAE 5Ol AV HEORR LI s VI SRsti i
IR+ HHESZ R . 1-93 indicate the identification codes of quadrats. SOM: Soil organic matter content; STP: soil total phosphorus content;
STK: soil total potassium content; SAP: soil available phosphorus content; SWC: soil water content; pH: soil pH; ST: soil texture; AL: altitude; SL:
slope; AS: aspect; RA: ruggedness average; AAT: annual average temperature; AAP: annual average precipitation; AAS: annual average sunshine dura-
tion; Lon: longitude; Lat: latitude. Arrows represent environmental factors, with the length indicating the strength of the relationship between commu-
nity distribution and each factor. The angle between the arrows and the ordination axes reflects the correlation of the environmental factors with the axes,
while the quadrant in which the arrows are located indicates the direction of the correlation (positive or negative) with the axes. I: Poa annua+Kobresia
pygmaea+Thermopsis lanceolata+Potentilla bifurca community; II: Stellera chamaejasme+Poa annua+Potentilla chinensis+Thermopsis lanceolata
community; III: S. chamaejasme+Poa annua+Gentiana straminea+Medicago ruthenica community; IV: Poa annua+S. chamaejasme+Anemone rivu-
laris+M. ruthenica community; V: Elymus nutans+M. ruthenica+ Taraxacum mongolicum+Argentina anserina community; VI: Potentilla fruticosa+

Poa annua+Plantago asiatica+Argentina anserina community.
B3 R XEMEE-H SRR FH SRR i

Fig. 3 Canonical correspondence analysis between plant communities-plots and environmental factors in the study area
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x2 AREHEF-SERERFHEEX NS TS

Table 2 Parameters of canonical correspondence analysis (CCA) between plots and comprehensive factors in the study area

PR TS HE AR O R HL

Correlation coefficient between environmental

. RN T factors and sorting axes P
Environmental factor P ) 3 4

Axis 1 Axis 2 Axis 3 Axis 4
+ £ 43 54 Soil total phosphorus content -0.001 -0.345 0.101 0.149 0.034°
44 pH Soil pH -0.396 0.148 0.198 -0.247 0.002"
+ 3 445 Soil total potassium content 0.092 0.330 -0.033 -0.110 0.032"
+ 485 7K & Soil water content 0.507 -0.170 -0.002 -0.032 0.004™
59K Altitude 0.250 0.356 0.137 -0.339 0.014"
Y 1] Aspect -0.204 0.234 -0.100 0.128 0.008™
HiJE AR Ruggedness average 0.432 0.043 0.111 0.177 0.002"
AEFFE T 1k Annual average precipitation 0.101 0.379 0.387 -0.294 0.002"
AEHIRE Annual average temperature -0.446 -0.342 -0.012 0.163 0.002"
45 ¥ Longitude 0.354 -0.234 -0.320 0.313 0.002"
ZXJF Latitude -0.181 0.445 0.357 -0.260 0.002"
FFIE{H Eigenvalues 0.468 0.360 0.244 0.121
fif B% 22 5+ Explained variation/% 10.160 17.970 23.270 25.890
PP -FREEAA M Species-environment correlations 0.851 0.793 0.700 0.796
Wk ZA B Cumulative interpretation of species/% 30.540 54.030 69.930 77.830
FIrE S 5k Y 5 25 P 56 Significance test of all canonical axes F=3.7, P=0.002

B TR 2 SRR R I B IR B0 A B0 1% PR 1 1) 52 ) . 3 (P<0.05 F1 P<0.01) . * or ** indicates the impact of this factor is

significant by Monte Carlo permutation test (P<0.05 or P<0.01).
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